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Introduction

Most of the meta-heuristic algorithms were presented
before 2000 and are known as classical meta-heuristic
algorithms, some of which are:

Genetic Algorithms (GA)[1], Differential Evolution
(DE) [2], Genetic Programming (GP) [3], Tabu
search (TS), Greedy Randomized Adaptive Search
Procedure (GRASP), Iterated Local Search (ILS),
Shuffled Frog-Leaping Algorithm (SFLA), Particle
Swarm Optimization, Scatter Search (SS), Ant Colony
Optimization (ACO).

Despite the achievements of classical meta-heuristic
algorithms, new and innovative evolutionary
approaches have emerged successfully in the last
two decades. Research on meta-heuristic algorithms
in this era introduces a large number of new meta-
heuristic algorithms inspired by specific evolutionary
or behavioral processes. In many cases, this new
wave of meta-heuristic approaches provides the best
solutions for some set of benchmark functions. Some
of these algorithms, which are known as meta-heuristic
algorithms of the new generation, are:

Rain  Optimization algorithm (ROA), Whale
Optimization Algorithm (WOA), Symbiotic Organisms
Search (SOS), Grey Wolf Algorithm (GWA), Social
Spider Optimization (SSO), Teaching Learning Based
Optimization (TLBO), Firefly Algorithm (FA), Bat
Algorithm (BA), Gravitational Search Algorithm
(GSA), Bacterial Foraging (BFO), Biogeography-
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based optimization (BFO), Artificial Bee Colony
(ABC).

Method

Principles of simulating fluid movement in porous and
fractured media

Simulation of fluid movement in a porous medium
and similar to a fracture can be done by combining
three important equations, i.e. the equation of mass
conservation, the equation of fluid movement in a
porous medium, and the equation of state. The fluid
used for injection into a fracture is a single-phase flow
of an incompressible fluid, the viscosity of which
varies with time.

Simulation of a fracture:

To simulate the movement of an incompressible fluid
in a fracture, two different states can be considered:

1- A state where the walls on both sides of the fracture
have zero permeability and the fluid cannot enter the
matrix around the fracture.

2- A situation where the walls on both sides of the
fracture are porous and have certain permeability and
the injection fluid enters the walls.

The first simulation is actually a special mode of the
second general simulation, and for the simulation to
be more comprehensive, this mode will be discussed
further. Figure 1 shows the top view of a fracture when
fluid is injected into it from a borehole.
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Table 1 The standard functions used in this research and the absolute minimum value of each of them.

i=1
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1 Rastrigin [-5.12,5.12] |n fi(x)=10n + Z[x,.2 —10cos(27x, )] 0
i=l
n 2
2 | De Jong (Sphere) |[-5.12,5.12] |n fz(x)=zi:1xi 0
1 n 2 1 X .
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Fig. 1 The shape of a fracture when a borehole is drilled in

the direction perpendicular to it and the radial movement of
the injection fluid into the fracture.

Results and Discussion

In this research, a new meta-heuristic algorithm called
improved rain optimization algorithm, which was in-
spired by the phenomenon of rainfall, was introduced.
This algorithm is actually a new version of the rain
algorithm and was created by making changes in this
algorithm. This algorithm was used to solve several dif-
ferent criterion functions and a simulation problem in
the field of mining engineering. Also, the performance
of this algorithm was compared with other algorithms
such as the genetic algorithm, particle swarm algo-
rithm, bat algorithm, and rain algorithm, and the fol-
lowing results were obtained:

The improved rain optimization algorithm has a much
higher speed than the rain optimization algorithm
and is able to reach the solution of the problem with
fewer iterations and fewer evaluations of the objective

standard function, the improved Baran algorithm was
faster in solving this problem by 80% in terms of the
number of iterations and 30% in terms of NFE.
Baran's improved algorithm was able to perform better
than the genetic algorithm, particle swarm algorithm,
bat algorithm, and Baran algorithm in solving complex
criterion functions.

Baran's improved algorithm was used to solve a com-
plex simulation problem in the field of mining engi-
neering and was able to find the solution to the prob-
lem with high accuracy and good speed.
Nomenclatures

ROA: Rain Optimization algorithm

GA: Genetic Algorithms

BA: Bat Algorithm
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Caonstant (&

Initialire droplets position, radiss and size.

Exaluate each droplet with the chjective fisnction to obixin the cost of each droplet and scrt popalation based on coat

Bdam koapc
Whils (meration nusnber < Nlsclt)
For ( each droplet)
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ang e

end e
omil wesk droplets dependmg on sol adsorpbon
peneraie nevw doplets depending on ramn sp=ed
ame whinle
ZSort populaticns based on cost
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