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Aluminum matrix composites are widely utilized in many sectors, and their popularity is rising due to their ability to combine
high mechanical characteristics with their lightweight. Stir casting is typically achieved in a closed crucible with an invisible flow
pattern to produce aluminum alloy matrix composites. Researchers employed a hybrid method to optimize the stir casting
parameters. -e vast number of parameters and their overlap affects the uniform distribution of reinforcement particles. In-
vestigators on their way to the best technique have gotten promising outcomes in their specific situations, but they still need more
work to be able to generalize their findings to optimize the stirrer design to get efficient mixing. Due to an experimental technique
alone is insufficient for optimizing stir casting parameters, researchers combined theoretical, experimental, statistical, and
numerical simulation approaches to get more precise and reliable findings. -e design of the experiment (DOE), particularly
Taguchi, and other standard statistics such as ANOVA and regression were discovered to be the most often utilized statistical
contributions. Recent attempts to simulate stir casting have begun to match the experimental or analog model data by developed
numerical software and analytical analysis. Finally, previous study results and suggestions were collected and compared, arranged,
revised, and presented simply about the proper stirrer design, stages, and position in that to make the paper unique.

1. Introduction

Market analysts expect significant growth in demand for
composites, which will exceed 6% between 2020 and 2027
[1]. Stir casting is an indispensable route to produce metal
matrix composites [2–4]. It is one of the best methods for
making AAMCs because of its simplicity, low cost of pro-
duction, and mass production ability [5]. As it appears from
the previous review articles, the experimental method alone
is often unable to discover the optimal stir casting
manufacturing of the metal matrix composites, so re-
searchers mixed methods for better understanding and
prediction. -e theoretical, experimental, analytical, statis-
tical, and numerical simulations in hybrid methodology
have been all mixed to obtain more accurate and valid re-
sults. Several studies have looked at the impact of stirrer
design on mixing time and power usage. -ey concluded
that impeller design affects mixing time [6].

Stirrer design, stirring time, and stirring speed are the
key variables that impact the stir casting method; when
properly determined and adjusted they result in an im-
provement in the quality of the stir casting products [7]. -e
proper design of experiments was not used by many re-
searchers, so there is no clarification and analysis of the
interactions between the various inputs [8–10]. Authors
investigated that the stirring casting process is not obvious
enough, and the reason behind the particle distribution is
not comprehended for the aluminum ceramic powder
composite [11]. In addition, the researchers analyzed the
complexity and difficulty of understanding the SiC particles
distribution process in the aluminum alloy, including the
interaction between particles themselves and with the matrix
alloy [11]. Others criticized the lack of clarity about the
effects of the blade angle, the impeller diameter, the stirrer
geometry, and the interaction of these parameters on the
flowing characteristics in the stirred crucible during stir
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casting [12]. -e designer in the chemical industry managed
to find the better design impellers for solid suspension,
because less power is required, whereas lower energy means
lower energy costs [13]. In stir casting, reducing stirring time
is also a necessity for a more environmentally friendly
manufacturing process through optimizing other stirring
parameters especially the stirrer design and its position. An
increase in stirring time in the AAMC stir casting
manufacturing might lead to good dispersion of micro-
ceramics powder into the aluminum alloy matrix, but it is
the energy consumption and cost. Yang et al. stated that,
with the extension of the stirring time, the particle dispersion
in the composite is more uniform when they investigated the
effect of stirring parameters on the distribution of SiC
particles in AMCs by using experimental and computational
methods [11]. Over the past decades, much energy and
attention have gone to optimize the mechanical properties of
MMCs, but unfortunately, the flow pattern during stirring
cannot be observed as they are done in closed furnaces,
which are nontransparent; direct measurements also are
dangerous, time-consuming, and not effective. To avoid
these challenges statistical analysis and numerical simulation
are used beside experiments [8, 14].

2. Statistical Analysis

-e trial and error approach is used to discover the optimal
parameters for creating a quality product while optimizing a
manufacturing process. However, this method demands
extensive experimental work and, it results in a great waste of
time and money [15]. Until the 1920s, the researchers have
used one-factor-at-a-time (OFAT) experiments. -ey vary
only one factor (variable) at a time while keeping others
factors (variables) fixed that can produce misleading results
when reactions are present [16]. Box stated that Fisher made
great contributions to the design of experiments when he
conducted for the first time the design of experiments
(DOEs) in his experimental agriculture research when he
used a statistical approach like F- test mean [16].-e concept
of experimentation using an orthogonal array dates back to
Fisher [17]. In the 1950s, George Box was tasked with op-
timizing and reducing variation in the chemical
manufacturing process when he invents the response surface
method to change (DOE) purpose from explanation to
prediction. One-factor-at-a-time (OFAT) method was ap-
plied by some researchers to choose the stirring parameters
for studying one factor while the other variables were
constant. -e downside of using OFAT is that it is inefficient
which results in an unnecessarily large number of experi-
mental runs. To ensure the reliability of the data, the average
value of the experiments was recorded several times for each
condition, and several measurements were taken for each
sample [18, 19]. -e Taguchi method utilizes orthogonal
arrays from the design of experiments theory to study a large
number of variables with a small number of experiments.
Using orthogonal arrays significantly reduces the number of
experimental configurations to be studied [20]. -e Taguchi
technique was used to create the product and process design.
For all conceivable process circumstances, the experiment

design was utilized to explore factors and associated vari-
ables. -e Taguchi experimental strategy was used to find
control variables that reduce process changeability by re-
ducing the impact of uncontrolled noise sources. -e noise
factors cannot be controlled during production processes,
but they can be controlled during experimentation. -e
particle size, the weight % of reinforcing particles, and
stirring time are the key influencing parameters. -e vari-
ation of response was studied with the help of the SN ratio.
-e larger the better criterion was assumed for nine trials of
strength hardness [21]. Several optimization methods are
used to optimize the process parameters of the stir casting
process. -e most prominent ones are Taguchi techniques,
grey relational analysis, regression analysis, multiobjective
Taguchi method, genetic algorithm, analysis of variance
(ANOVA), fuzzy logic [22], swarm optimizer [23], and finite
element method. Vijian and Arunachalam used multivari-
able linear regression analysis to form a mathematical
model. -e weighted sum technique is used to choose the
goal functions for the genetic algorithm based on the re-
gression analysis. To improve the mechanical characteristics
of the composites, a genetic algorithm is utilized as a tool
[24]. Senthil and Amirthagadeswaran conducted experi-
ments based on the Taguchi technique for parameter op-
timization in the squeeze casting process. -e confirmation
test showed improved mechanical properties in the pro-
duced composites [25]. Goyal et al. developed a mathe-
matical model and predicted the optimum process
parameters using regression analysis technique. -e opti-
mum levels of parameters produced improved mechanical
properties, which was validated using ANOVA [26]. -e
authors used a statistical approach, Taguchi, ANOVA, re-
sponse surface, and regression to optimize different stirring
parameters to get optimal MMCs mechanical properties;
however, a few papers looked into the factors related to
stirrer design [2, 27–40].

3. Numerical Analysis

Since the 1950s, the practice of mixing has seen a rise in
knowledge, experience, and dynamics which resulted in the
publication of works by Uhl and Grey, Nagata, Harnby et al.,
and Baldyga and Bourne [10]. Bui et al. used the model to
investigate the impact of tank geometry and stirrer activity
on mixing. A two-phase flow, three-dimensional, steady-
state is used to study the flow field and volume fraction
distribution in a stirred tank [41]. Since the 1990s, rapid
progress has been made in numerical simulation of the fluid
flow problems using CFD, which is widely used in the
chemical industry for a variety of operations such as catalytic
reactions, leaching, polymerization, etc. [12]. Since the be-
ginning of the third millennium in 2002 and 2003, the first
attempts to simulate stir casting have started by Hashim and
Naher, respectively. -ey prove the importance of using
simulation model tools in the production of MMCs [8, 42].
Several optimization methods are used to optimize the
process parameters of the stir casting process when the most
prominent one is a finite element method. Gore and Crowe
stated that when the size of the reinforcement particles is
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tiny concerning the turbulent length scale, the reinforcement
particles tend to follow the turbulent fluid motion. On the
other hand, large particles tend to be accumulating in the
shear zones instead of following the turbulent motions [43].
Kocaefe and Bui used a one-phase flow mode to test how
one-phase modeling using the algebraic slip model approach
can represent the sedimentation and the stirring process, as
compared to the two-phase model. Indeed, the one-phase
model has two significant benefits over the two-phasemodel:
it takes less computer time and can allow for a particle size
distribution to realistically characterize a class of particulate
materials [44]. Rohatgi et al. used the model SiC–water
system to investigate the effects of the polarity of the dif-
ferent blade angles on the power required for homogeneous
mixing. -ey concluded the change in power, decreasing
with an increase in blade angle from 20° to 60° [45].

4. Reviews of Statistical and Numerical
Contributions to the Stirrer Design

Hashim et al. used finite element analysis and employed a
specialized computational fluid dynamics package to sim-
ulate the fluid flow and thus dispersion of reinforcement
material in a molten matrix alloy during stirring [46]. -e
simulation shows that the stirring parameters such as im-
peller position in the crucible have a significant effect on the
flow behavior of the fluid. Despite some limitations arising
from the simplification of the physical situation, a model is a
useful tool in specifying process parameters in the pro-
duction of MMCs. Hashim et al. applied software ANSYS
Flotran-CFD in their simulation, the model being built using
two-dimensional elements when the Newtonian flow of the
aluminum was presumed for simulation. -ey used a stirrer
that has as simple geometry as possible.

-ey used macroscopic or continuous flow to simplify the
analysis. Glycerol and polystyrene particles were used in a
Perspex crucible [46]. -e simulation focuses on the fluid flow
pattern for different positions of a stirrer in a crucible and
different speeds of stirring for two fluids:molten aluminum and
glycerol. -e flow velocity and direction have been affected by
the speed of rotation of the stirrer. At higher speeds an un-
desirable vortex forms on the fluid surface.-ey also confirmed
the role of stirrer location when the impeller is placed exces-
sively high within the fluid; little flow occurs at the base of the
vessel where it is required to lift particles into the melt.

Hashim et al. stated that the optimum diameter of the
stirrer is the size at which solid particles are fluidized in both
the central and peripheral parts at the same speed. It has been
confirmed that, for a flat-bottom vessel, stirrer diameter
should be equal to 0.4D, where D is the diameter of the vessel,
and the blade width should be equal to 0.1–0.2D [46, 47].

Hashmi et al. used streak photography of tracer particles
in such a visualization experiment as a good method for
indicating the overall flow pattern and existence of stagnant
regions of fluid. However, it is noted that it is not suitable for
showing the rate of mixing between different parts of a
vessel. Finally, they stated that the particle dispersion
number (PDN) should be greater than four for homoge-
neous dispersion [46]. Solid particles tend to stay

undispersed in the center of the vessel bottom where the
diameter is too large. When the stirrer diameter is too small,
despite the lack of deposits in the middle, the solid particles
remain suspended at the vessel’s periphery [46].

As solid particles in a liquid are agitated in a cylindrical
vessel, when the agitator speed is low, a deposit of solid
particles forms on the bottom [47]. Hashim et al. stated that
these two types of solid particle fluidization shown in Fig-
ure 1 are influenced by stirrer geometry [46].

Naher et al. used visualization simulation to understand
the particle distribution in the glycerol/water system with
the simulation that had been conducted with similar
characteristics of liquid and particle.-e simulation includes
visualization experiments. Other fluids with similar prop-
erties are used to substitute liquid and semisolid aluminum
in the visualization studies. -ree types of stirrers were used
to provide agitation: three- and four-bladed stirrers with
blades parallel to the axis of rotation, as well as a fixed-bladed
turbine stirrer. Figure 2 shows the dimensions of a flat-
bottomed cylindrical crucible with 80mm diameter and
105mm inner diameter. Figure 3 shows the four flat-blade
impellers, with 10mm width and 2mm thickness, and in all
tests height was 20mm from the base of the crucible. -e
important conclusion related to stirrer design was that a
blade angle has a significant effect on particle distribution in
the water mixture and higher blade angles reduced partic-
ulate dispersion time [8].

Aubin and Xuereb used ANSYS CFX to study the effect
of the design of multiple impellers on the mixing of highly
viscous fluids’ stirred tanks. -e tank geometry is a flat-
bottom cylindrical tank. Figure 4 explains the dimensions.
T�1m, H� 2m, the diameter of four Intermig impellers is
(D)� 0.9 T, the off-bottom clearance with four Intermig
impellers�C0 where the lowest impeller is 0.22 T, and
distance separating impellers�C1� 0.4 T for the two lowest
Intermigs and 0.45 T for others. To analyze the three-di-
mensional flow in the tank, massless fluid particles are
tracked using the Lagrangian particle tracking system [48].

Naher et al. after four years of his first attempt in 2003
used computational and experimental analysis to measure
and predict particulate distribution during Al–SiC MMC
fabrication at the same scale as in Figure 2 above.-ey stated
that achieving fully uniform suspensions of particulate
distribution during Al–SiC MMC fabrication needed only a
couple of seconds at the lower and an hour for a higher
viscosity system. -ey try to analyze many factors which
influence the incorporation of particulate in metal matrix
composites (MMCs) that include particle pushing during
solidification, nonwetting, clustering, and settling before
quenching [49].

In the study by Ravi et al., impeller blade angle, rotating
speed, impeller rotation direction, and baffles were all
studied and adjusted as essential mixing characteristics.-ey
demonstrated that a lower impeller blade angle generates
large pressure heads, especially beneath the impeller, to
overcome large static heads. -ey also compared experi-
mental results; it was discovered that clockwise stirrer ro-
tation produces more uniform particle distribution than
counterclockwise rotation as shown in Figure 5, without
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taking into account the effect of being in the northern or
southern hemisphere, which has the opposite effect [50].

Su et al. simulated the flow behavior of the molten metal
in the closed crucible during stir casting by commercial finite
element method (FEM) software [12]. -e crucible was
composed of a cylinder part with a diameter of 210mm and a
semispherical part, as shown in Figure 6. -e height of the

fluid was 380mm. In this simulation, three types of stirrers
were used to investigate the influence of stirrer geometry on
the flow pattern.

-e flow behavior was influenced by several parameters
such as the stirrer design and the stirring speed, and it was
difficult to differentiate between their effects on their own.
-ey evaluated the effect of the stirrer design (geometry, the
blade angle, and the d/D value) and stirring speed. -e
impeller blade width is 0.2 D with an angle of 30 degrees as
sketched out in Figure 7.

-e volume fraction of the stagnant region in the cyl-
inder part decreases noticeably as the geometry ranges from
single stage to multistage. -e majority of the crucible’s
regions are nearly stagnant, and a dead zone can be seen at
the bottom as shown in Figure 8.

-e multistage stirred vessel has two circulation profiles
as shown in Figure 9.-e second flow pattern is much better
for liquid-solid mixing because it can have a higher mixing
power, which is particularly important in viscous liquids
[12].
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Figure 1: (a, b) Two types of solid particle fluidization [46].

h

H

8 cm

6.5 cm

10.5 cm

Figure 2: Crucible sketch [8].

Figure 3: Four-blade stirrer [8].
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Figure 4: Geometry of the vessel equipped with four Intermig
impellers [48].
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Finally, they concluded that the multistage stirrer with a
stirring speed of about 1000 rpm and a blade at a 30-degree
angle to the stirrer are the best handling conditions for
achieving a uniform distribution of particle reinforcement
[12].

Sahu and Sahu in their reviewed chapter offered some
suggestions without mentioning their specific conditions
about the stirring parameters that should be used in the
industrial manufacture of AMCs and HAMCs with

outstanding mechanical properties. However, authors
confirmed that double-stage and multistage stirrer are
generally used in chemical industries whereas single-stage
impeller stirrer is commonly used for manufacturing AMCs
and HAMCs due to flexibility and to avoid unnecessary
vortex flow. Figure 10 is adopted from Figure 11 [10].

When the blade angle was greater than 30 degrees, the
shearing action was better but the axial flow was less, and
when the blade angle was less than 30 degrees, the axial flow
was better but the shearing action was less. -ey concluded
that feeding of reinforcement particles is a critical parameter
for avoiding particle clustering and they explained that the
feed rate of reinforcement particles should be between 0.8
and 1.5 g/s to minimize reinforcement particle buildup
without mentioning feeder position according to the stirrer
position [10].

Shanmughasundaram et al. used design of experiments
(DOE), Taguchi, Analysis of Variance (ANOVA), and
Multiple Linear Regression Models to optimize parameters
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Figure 5: Clockwise rotation of the stirrer [50].
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Figure 6: Geometrical model of the crucible and the stirrer [12]. (a) Single-stage stirrer. (b) Two-stage stirrer. (c) -e multi-stage stirrer.

d D

Figure 7: -ree-blade impeller sketch [12].
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Figure 8: Stagnant region and a dead zone in multistage stirrer [12]. (a) Single-stage stirrer. (b) Two-stage stirrer. (c)-emulti-stage stirrer.
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Figure 9: Two different circulation profiles in the vessel with the multistage stirrer [12].
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Figure 10: Setup of geometrical of the crucible and stirrer [51].
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for the best mechanical properties such as hardness and
tensile strength of composites products. -ey investigated
the impact of the impeller outer diameter to crucible inner
diameter ratio (0.7, 0.5, and 0.3) and processing method
(liquid state stirring, two-step stirring, and modified two-
step stirring) on the distribution of fly ash particles in the Al
matrix, as well as mechanical properties as mentioned in
Table 1.

According to the L9 orthogonal array, nine experiments
were carried out instead of 27 experiments; the 4 bladed
radial impellers with 0.7 of Ci.d/Io.d ratio have statistical
significance to ensure uniform distribution of fly ash par-
ticles in the Al matrix.-emain plot for SN ratios–Hardness
and Tensile strength shows a positive relationship between
the Ci.d/Io.d ratio and the mechanical properties. -e op-
timum combination of each parameter was determined by
ANOVA. It can be observed according to the P value; the
ratio of impeller outer diameter to crucible inner diameter
has only about 9% impact on the hardness of the composites
compared with other factors when it has more than 11% on
tensile strength. Finally, a multiple linear regression equa-
tion provided a reasonable explanation for the relationship
between the independent and response factors (properties).
-e final step was the confirmation test which is conducted
to validate the predictions [51].

El-Kady et al. studied the optimal process parameters
that are relative to stirrer design such as the shape of a stirrer,
blade, stirrer position, ratio, and stirrer diameter ratio. As
shown in Figure 12 the stirrer relative positions and relative
diameters to the crucible size were explained. h is the dis-
tance from the bottom of the crucible to the stirrer and H is
the height of the molten slurry from the bottom of the
crucible, d is the diameter of the stirrer, and D is the di-
ameter of the crucible which has 110mm diameter and
160mm height in an electrical resistance furnace. Figure 13
shows the impeller blades. -ey included that, with in-
creasing the number of stirrer blades (from two to four), the
location ratio (h/H) (from 0.3 to 0.7), and the diametric ratio
(d/D) (from 0.4 to 0.8), the porosity of the metal matrix
composites decreases [52].

Crucible
Single stage impeller

(a)

Double stage impeller

(b)

Multi-stage impeller

Impellers

(c)

Figure 11: (a) Single stage. (b) Double stage. (c) Multistage [10].

Table 1: Factors and levels [52].

Levels Reinforcements
wt.%

Ci.d/Io.d
ratio Technique of processing

I 10 0.7 Liquid state
II 15 0.5 Two-step
III 20 0.3 Modified two-step

H

h
d

D

Figure 12: Stirrer to the crucible ratio dimension [53].

Figure 13: Stirrer with two, three, and four blades [53].
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Sahu and Sahu used the Grey Taguchi method and
ANOVA to optimize the stirring parameters and they
concluded that blade angle, impeller size, and stirring speed
are significant factors that affect the distribution of rein-
forcement in hybrid aluminum matrix composites stir
casting, according to this study. Impeller size has the greatest
influence of more than 66%, followed by blade angle of about
(23%) and stirring speed of about 3% [53]. -e applied
crucible has been used before by Su et al. [12] as shown in
Figure 10 with a top diameter of 210mm and a bottom
diameter of 140mm.-e cylindrical section of the crucible is
275mm tall, while the curved bottom portion is 105mm tall,
with a fluid height of 380mm. -ey carried out simulation
and experimental methods at optimal combination of stir-
ring parameters for production Al 7075/B4C/fly ash com-
posite by stir casting. -e suggested optimal conditions are
blade angle: 30 degrees, impeller size 0.5D, and stirring
speed 550 rpm.

-e number of input factors and their levels are
explained in Table 2; the L9 orthogonal array was used. -e
responses were volume fraction of stagnant zone and dead
zone while optimization aimed to reduce the number of
undesirable zones. Planimetry analysis was used to calculate
the volume fraction of stagnant and dead areas to measure
undesired zones.

Vishnu et al. used a four-blade stirrer and a three-blade
stirrer in the simulation. Both blade angles were set to 90
degrees in the crucible which has the same dimensions as
Figure 7. 100, 150, 200, 250, and 300 rpm blade speeds were
simulated. A user-defined function was used to measure the
volume-averaged shear rate for each event (UDF). It can be
shown that the shear rate produced in the single-phase fluid
domain has a direct impact on mixing effectiveness. -e
findings also show that the shear rate and the uniform
dispersion period of particulate matter have a discernible
relationship [54].

Yang et al. admitted the stirring time of numerical
simulation is very difficult to precisely match the results of
the experiment. -ey used Fluent Version 12.1’s Eulerian
multiphase model for the simulation of the two-phase flow
of aluminum and SiC in the crucible. In the beginning, they
divided the CFD model into three zones: rotation, sta-
tionary, and SiC addition zones. -e crucible’s top wall was
set to symmetry, and the bottom wall was set to a stationary
wall. -e stirring rod wall was set to the rotation wall, which
rotated during the simulation. -e different positions of the
volume fraction of SiC were controlled at different stirring
temperatures, stirring speeds, and stirring times. -ey
concluded that according to the simulation of the shearing
force, moments, and stirring power of the stirring rod the
SiC is unwell dispersed at the position closer to the stirring
rod without analyzing it [11]. Figure 14 shows the stirring
rod and its position when the stirring rod and its blades
dimensions are unclear but from the figure it seems it has
two stages.

Optimization of stirring parameters was performed to
achieve effective flow without stagnant and dead zone [53].
-e distribution of particles in the molten matrix is de-
termined by the geometry of the mechanical stirrer, its

position in the melt, the melt temperature, and the char-
acteristics of the particles [55–57]. Kayode et al. used the
application of large eddy simulation to the prediction of
large-scale chaotic structures in stirred tanks. ANSYS CFX
v.15.0 was used to simulate the moisture-rich food waste,
which was approximated as a Newtonian carrot–orange
soup. -e homogenizer’s velocity and temperature field
distributions are investigated at various impeller rotational
speeds. It is anticipated that the developed model will help in
the selection of a suitable impeller for the efficient mixing of
food waste in the homogenizer [58]. -e authors studied
particle transportation and dispersion in turbulent straight
square duct flow using direct numerical simulation and the
Lagrangian particle tracking technique [59]. -e Eulerian
multiphase model and standard k−ε turbulence model were
adopted to simulate the fluid flow, turbulent kinetic energy
distribution, mixing performance, and power consumption
in a stirred tank. -e simulation results were also verified by
the water model experiments, and good agreement was
achieved [60]. Despite the many differences in details from
the studies reviewed about stir casting, the most important
steps can be summarized as follows -e most important
steps of stir casting can be summarized as follows:

(1) Aluminum metals or alloys billets are put in the
crucible.

(2) -e billets are heated in the furnace until they be-
come liquid.

(3) -e stirrer is then dropped into the crucible.
(4) -e reheated reinforcements particles are fed to the

crucible at a specific rate.
(5) Stirring imparts vortex motion to the aluminum

melt. -e dispersion of SiC particles in molten
aluminum is caused by stirring.

Table 2: Factors and levels [51].

Levels Blade angle
(degree)

Impeller size
(mm) Stirring speed (rpm)

I 30 0.5D 500
II 45 0.6D 550
III 60 0.75D 600

Stirring rod (6)
(7) Vacuum hole

(8) �ermocouple

Top cover (5)

Resistance wire (4)

Furnace (3)

Crucible (2)

Furnace shell (1)

Figure 14: Sketch of the experiment equipment [11].
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(6) -e melt is transferred to a casting mold when it has
been sufficiently mixed.

-e influence of the stirrer design on metal matrix
composites has been examined in different situations with
varied parameters, according to prior studies. -e most
significant common characteristics and circumstances are
shown and summarized in Tables 3–5 in which the me-
chanical properties have shown direct output results.

5. Conclusion

(1) Since the stir casting process involves very high
temperatures, experimentation is difficult and
dangerous. So proper simulations of the stir casting
process considering all relevant factors are neces-
sary to yield good results, and it will help the re-
searchers to identify strategies for experimentation.

(2) After decades of studies conducted to optimize
stirring parameters in the stir casting route, the
effects of stirrer geometry, the number of blades,
blade angle, impeller diameter, stirrer position, and
their interactions on the flowing characteristics in
the stirred crucible during stir casting remain un-
known and not generalizable

(3) -e distribution of reinforcement particles was the
main output factor, as the central theme of the
majority of researchers when they investigated and
simulated AMMC. Flow patterns are also studied as
pivotal due to their impact on particle distribution.

(4) Stirrer design and stirring speed together affected
the flow behavior and it is difficult to distinguish
between their impacts alone.

(5) -e effect of a stirrer design on mechanical prop-
erties is different, and its effect on tensile strength is
greater than its effect on hardness.

(6) -e number of stirrer stages has significantly af-
fected the homogeneity of particles inside the
crucible.

(7) -e mixing process is a widespread phenomenon,
which plays an essential role among a large number
of industrial processes. -e effectiveness of mixing
depends on the state of mixed phases, temperature,

viscosity and density of liquids, mutual solubility of
mixed fluids, type of stirrer, and the most critical
property, the shape of the impeller.

(8) Among the statistical contributions, the Taguchi
method allows for the systematic and efficient de-
sign and optimization of some parameters with
considerably less work.

(9) -e shape of the stirrer, blade geometry, blade angle
(degree), impeller size, and the stirrer to the crucible
ratio (the diametric ratio (d/D)) were investigated
by statistical and numerical approaches to optimize
the distribution of the particles. -ey concluded
that there is a clear effect of these variables on the
flow pattern and then the uniform distribution of
the reinforcements in the matrix. -ey were unable
to generalize their findings due to the complexity
and a large number of variables.

(10) Finally, the hybrid methodology of theoretical,
experimental, analytical, statistical, and numerical
simulation should be used to obtain more accurate
and validated results.

Abbreviations

MMC: Metal matrix composite
AMC: Aluminum matrix composite
AAMC: Aluminum alloy matrix composite
SiC: Silicon carbide
CFD: Computational fluid dynamics
D: Crucible diameter
d: Impeller blade diameter
H: Height of crucible
h: Height of impeller from the bottom of the crucible
H0: Height of fluid in the crucible.
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Table 5: Summarized literature reviews of statistical and numerical contributions.

SN References Approaches

Matrix Mechanical properties

Metal or alloys Reinforcement
Tensile
strength,

megapascal
Hardness

Before After Before After

1 [52] Taguchi experimental technique 99.5% pure
aluminum Fly ash 77 106 19 35

BHN

2 [53] -e design of the experiment (Doe) using
Taguchi’s approach Al 356 Al2O3 120 NA 59 42 to 55

VHN

3 [51] Grey Taguchi method and finite element analysis
using ANSYS 14.5 fluent-CFD Al 7075 B4C fly ash 114 NA 127 85–95

BHN
NA: not available.
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