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The procedure of mixing fuel in storage tanks is critical for ensuring fuel homogeneity 
and quality prior to distribution. The use of agitators as stirring devices in storage tanks 
helps to reduce stratification and accelerate mixing. This study used Computational 
Fluid Dynamics (CFD) with ANSYS 2024R2 using the 𝑘−𝜀 realizable model approach to 
evaluate the effectiveness of agitators at 300 and 600 rpm in optimizing the fuel mixing 
process for heavy naphtha and paraffin into a homogeneous product for public vehicles. 
Simulations were run to determine the impact of rotational speed, impeller type, and 
agitator position on flow distribution and mixing times. The results showed that the side 
entry agitator had a higher torque than the top entry agitator, reaching 3,663 Nm at 
300 rpm and 14,997 Nm at 600 rpm, compared to 3,266 Nm and 13,416 Nm for the top 
entry agitator. Consequently, the power required for side entry agitators was 115.054 
kW (300 rpm) and 942.261 kW (600 rpm), while top entry agitators required 102.585 
kW (300 rpm) and 842.927 kW (600 rpm). Pressure distribution was highest in the side 
entry agitator at 600 rpm, leading to a stronger wall shear distribution and faster mixing. 
Mixing time was significantly reduced with side entry 600 rpm, achieving 75 seconds, 
compared to 400 seconds for top entry 600 rpm. Additionally, placing the agitator in the 
vertical center position produced a more equal flow pattern, accelerated homogeneity, 
and prevented fuel-phase separation. Once the mixing process was complete, the final 
fuel density was recorded at 722.1 kg/m³. These findings have significant implications 
for creating more reliable and energy-efficient blending systems in the energy industry.    
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1. Introduction 

 
The oil and gas sector are undergoing fundamental and multidimensional upheavals, driven by a 

complex interplay of economic volatility, rapid technological innovation, and altering geopolitical 
situations. Fluctuating global demand, fluctuating energy policies, and the rapid transition to 
renewable alternatives are forcing industry participants to reconsider traditional strategies and 
adopt more adaptable, forward-thinking ways. Meanwhile, advances in digitization, automation, and 
artificial intelligence are transforming exploration, production, and operating efficiency, creating 
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both possibilities and disruptions. Geopolitical concerns, supply chain vulnerabilities, and regulatory 
challenges all contribute to greater complexity, impacting investment decisions and transforming 
global energy markets. These converging dynamics are reshaping the industry's future, necessitating 
resilience, strategic agility, and continual innovation to navigate an increasingly uncertain and 
interconnected energy landscape [1]. Crude oil blending in refineries is a very complex process driven 
by a number of interdependent parameters and painstakingly planned actions, all with the goal of 
increasing operational efficiency and total profitability. To achieve desired product standards while 
reducing processing problems, distinct crude streams must be carefully selected and proportioned 
taking API gravity, sulfur concentration, viscosity, and distillation curves into account. Advanced 
analytical techniques and real-time monitoring systems are used to evaluate feedstock quality, 
forecast production outcomes, and optimize blending tactics. Market dynamics, regulatory 
compliance, and equipment limits all add levels of complexity, requiring a precise balance between 
economic objectives and technological viability. Finally, successful crude blending requires constant 
optimization, data-driven decision-making, and strategic foresight [2]. 

Crude oil is processed in numerous stages to produce a fuel that is suitable for use and meets 
regulations. The mixing method is a common method used in crude oil processing. This process mixes 
many types of hydrocarbon molecules with the goal of extracting the highest quality chemicals from 
crude oil, which may then be utilized as fuel [3]. In addition, the mixing process can improve cost 
efficiency in the fuel supply chain. Before crude oil is mixed to add hydrogen sulfide, it undergoes a 
series of steps that begin with the extraction of crude oil from a liquid natural gas (LNG) carrier, 
followed by the distribution of crude oil via a pipe to the crude oil storage tank. Once all of the crude 
oil is in the tank, the mixing process can begin [4,5]. 

In industrial mixing processes, a wide range of impeller types are carefully selected and deployed, 
with each design optimized to satisfy the unique requirements of individual applications. Fluid 
viscosity, desired flow patterns, shear sensitivity, and mixing intensity are all important 
considerations for establishing the best impeller arrangement. Axial flow impellers, for example, 
enable efficient bulk flow and homogenization, but radial flow designs produce large shear forces, 
making them suitable for dispersing immiscible phases or breaking down particles. Furthermore, 
hybrid or custom-engineered impellers may be used to navigate complicated mixed conditions while 
maintaining energy efficiency, process scalability, and equipment lifetime [6,7]. The careful selection 
and accurate calibration of impeller geometry, speed, and placement are essential for process 
efficiency, product uniformity, and overall operational performance [8]. The delicate interplay of 
blade or impeller geometry, which includes size, shape, pitch, and surface area, has a significant 
impact on the effectiveness and efficiency of mixing in complex industrial processes. The design and 
configuration of these mixing elements control fluid dynamics, turbulence intensity, and shear forces, 
all of which are critical for attaining uniform component distribution, optimal mass transfer, and 
consistent product quality. Variations in impeller diameter, blade angle, and rotational speed can 
significantly modify flow patterns, affecting mixing time, energy consumption, and the capacity to 
handle viscous or multiphase systems. As a result, choosing the right impeller design necessitates a 
comprehensive consideration of process requirements, material qualities, and performance 
objectives to ensure seamless integration and long-term operational success [9-13]. 

The strategic placement of impellers, whether top-entry or side-entry, has a significant impact on 
mixing performance, power dynamics, and overall energy efficiency in stirred tank systems. This 
crucial design option controls flow patterns, turbulence distribution, and shear intensity, all of which 
have a direct impact on mix homogeneity, heat transfer rates, and mass dispersion efficiency. Top-
entry impellers often generate strong axial or radial flow, making them excellent for high-viscosity 
fluids or operations that require deep tank penetration, whereas side-entry impellers are commonly 
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used in large-volume tanks or to reduce vortex formation and silt building. The interaction of impeller 
orientation, rotational speed, and vessel geometry demands careful optimization to balance energy 
consumption with process goals, resulting in consistent product quality and long-term operating 
stability [14-17]. 

In a laboratory-scale study, a floating roof storage tank was modelled and represented using 
Computational Fluid Dynamics (CFD) to compare experimental and theoretical results [18]. The study 
found that the mixing time in the 45° jet angle setup was shorter than in the other setups. 
Additionally, CFD methods were used to investigate the impact of impeller position on mixing time 
for tank homogenization [19-21]. Research on large-scale tanks using CFD methods yields two results: 
in steady state conditions, increasing the number of agitators installed in the tank increases flow 
velocity throughout the tank, whereas in unsteady state conditions, the more agitators used 
accelerates the homogenization process [22]. Research on the homogenization process of crude oil 
in a pilot scale tank using the CFD approach with an impeller revealed that the CFD simulation findings 
were in good agreement with experimental data collected at two distinct places in the tank. 

Previous research on the analysis of homogeneity in a stirred tank holding 70% diesel and 30% 
biodiesel using the CFD approach showed that homogeneity can be attained quickly depending on 
the rotational speed of the impeller. The faster the impeller rotates, the shorter the mixing time 
required to attain homogeneity [23]. 

Until now, there has been no research that specifically discusses the mixing of fluids between 
naphtha and paraffin in a fast mixing time. The current study will discuss about the storage tank filled 
with heavy naphtha and paraffin. The main output of this product is the mixing time of the two fluids 
to become homogeneous, where the product will become the main fuel for public vehicles. This 
storage tank has a variety of agitator placements, namely top entry and side entry agitators, with the 
impeller type in the form of a marine impeller because it can distribute good flow during the mixing 
process. The rotation speed will also be varied in this study, each in the form of 300 rpm and 600 
rpm. The contour in the form of pressure and the velocity will be displayed in this study to determine 
the optimal results of the fluid mixing process in the storage tank. 
 
2. Methodology  
2.1 Design of the Storage Tank 

  

This research will combine heavy naphtha and paraffin into a homogeneous product at 30 
ambient temperatures in the form of gasoline which will later be used in public vehicles with the top 
entry and side entry agitator. Table 1 will describe the geometric dimensions of the storage tank and 
the impeller which will be the main parameters in this study, in addition it will also explain the main 
parameters in this study. Figure 1 will also provide an overview of the dimensions of the storage tank 
and the impeller that will be used. 
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Table 1 
Data for Experimental of Storage Tank 

Parameters Value Units 

 𝜌ℎ𝑒𝑎𝑣𝑦 𝑛𝑎𝑝ℎ𝑡ℎ𝑎 735.9 kg/m3 
 𝜌𝑝𝑎𝑟𝑎𝑓𝑓𝑖𝑛 640 kg/m3 
 𝜇ℎ𝑒𝑎𝑣𝑦 𝑛𝑎𝑝ℎ𝑡ℎ𝑎 0.077386 Pa.s 
𝜇𝑝𝑎𝑟𝑎𝑓𝑓𝑖𝑛 0.012 Pa.s 

A 2000 mm 
B 4000 mm 
C  1000 mm 
D 400 mm 
E 1000 mm 
F 45 mm 
G 20 mm 
H 12.8 mm 

 

 
(a) 

 
(b) 
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(c) 

Fig. 1. Geometry dimension of (a) top-entry agitator for storage 
tank, (b) side-entry agitator for storage tank, and (c) impeller 

 

2.2 Governing Equation 

  
The fluid flow pattern in the fermenter tank was calculated in this study using the Navier-Stokes 

equation.  Newtonian fluids with constant density and velocity were calculated using the continuity 
and momentum equations.  The flow in the x, y, and z directions was described using the continuity 
equation [24,25]. 
  
Continuity: 

 
𝜕

𝜕𝑥
(𝜌𝑢) +

𝜕

𝜕𝑦
(𝜌𝑣) +

𝜕

𝜕𝑧
(𝜌𝑤) = 0 (1) 

  
x-momentum: 

 𝜌𝑔𝑥 −
𝜕𝑃

𝜕𝑥
+ 𝜇  (

𝜕2𝑢

𝜕𝑥2
+

𝜕2𝑢

𝜕𝑦2
+

𝜕2𝑢

𝜕𝑧2
) = 𝜌

𝑑𝑢

𝑑𝑡
 (2) 

  
y-momentum: 

𝜌𝑔𝑦 −
𝜕𝑃

𝜕𝑦
+ 𝜇  (

𝜕2𝑣

𝜕𝑥2
+
𝜕2𝑣

𝜕𝑦2
+
𝜕2𝑣

𝜕𝑧2
) = 𝜌

𝑑𝑣

𝑑𝑡
 (3) 

 
z-momentum: 

𝜌𝑔𝑧 −
𝜕𝑃

𝜕𝑧
+ 𝜇  (

𝜕2𝑤

𝜕𝑥2
+
𝜕2𝑤

𝜕𝑦2
+
𝜕2𝑤

𝜕𝑧2
) = 𝜌

𝑑𝑤

𝑑𝑡
 (4) 
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where t is time, P is pressure, 𝜌 is density, 𝜇 is viscosity, and 𝑢, 𝑣, and 𝑤 are the velocity components 
in the 𝑥,𝑦,𝑎𝑛𝑑 𝑧 axes. 
 
2.3 Turbulence Models 

  
The fluid turbulence model in the fermenter tank is computed using a realizable 𝑘−𝜀 model. An 

achievable 𝑘−𝜀 mathematical model considers the connection between the definition of eddy 
viscosity and the Boussinesq equation [26,27]. This method's advantage is its comparatively low 
computing cost. For shear flows with a single turbulent shear stress, the Boussinesq hypothesis for 
forecasting isotropic turbulent viscosity typically performs well. When applied to boundary layer 
properties in huge pressure gradients, segregated flows, and circulations, realizable 𝑘−𝜀 models 
produce improved predictions [28,29]. 

The Reynolds stress and mean velocity gradient are related by the Boussinesq hypothesis 
approach in the following way: 

  

−𝜌𝑢𝑖
′𝑢𝑢𝑗

′  =  𝜇 (
𝜕𝑢𝑖

𝜕𝑥𝑗
+

𝜕𝑢𝑗

𝜕𝑥𝑖
) −

2

3
(𝜌𝑘 + 𝜇𝑡  

𝜕𝑢𝑘

𝜕𝑥𝑘
)𝛿𝑖𝑗   (5) 

  

𝜇𝑡 as the viscosity of turbulent was defined as 

  

 𝜇𝑡 = 𝜌𝐶𝜇 
𝑘2

𝜀
 (6) 

 
𝑘−𝜀 transport equations models for Realizable is: 

  

 
𝜕

𝜕𝑡
(𝜌𝑘) +

𝜕

𝜕𝑥𝑗
(𝜌𝑘𝑢𝑗) =

𝜕

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡

𝜎𝑘
)  

𝜕𝑘

𝜕𝑥𝑗
] + 𝐺𝑘 + 𝐺𝑏 − 𝜌𝜀 − 𝑌𝑀 + 𝑆𝑘 (7) 

  

 
𝜕

𝜕𝑡
(𝜌𝜀) +

𝜕

𝜕𝑥𝑗
(𝜌𝜀𝑢𝑗) =

𝜕

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡

𝜎𝜀
)  

𝜕𝜀

𝜕𝑥𝑗
] + 𝜌𝐶1𝑆𝜀 − 𝐶2 

𝜀2

𝑘+√𝑣𝜀
+ 𝐶1𝜀𝜀

𝑘
𝐶3𝜀𝐺𝑏+𝑆𝜀  (8) 

 
and 
  

 𝐶1 = max [0.43 
𝜂

𝜂+5
] , 𝜂 = 𝑆 

𝑘

𝜀
,  𝑆 = √2𝑆𝑖𝑗𝑆𝑖𝑗  (9) 

 
The model constant value is 𝐶1𝜀 = 1.44,  𝐶2𝜀 = 1.92,  𝐶𝜇 = 0.09,  𝜎𝑘 = 1.0,  𝜎𝜀 = 1.3. In this 

equation, represents the generation of turbulence kinetic energy due to mean velocity gradients, 𝐺𝑏 
represents the generation of turbulence kinetic energy due to buoyancy, The changing dilatation's 
contribution to compressible turbulence is represented by 𝑌𝑀. Two constants are 𝐶1  and 𝐶1𝜀. The 
turbulent Prandtl numbers for 𝑘 and 𝜀 are 𝜎𝑘 and 𝜎𝜀, respectively. User-defined source words are 𝑆𝑘  
and 𝑆𝜀 [26]. 
 
2.4 Computational Methodology 
  

This study was solved by Ansys Fluent 2024R2 solver for solving the equation of flow in the 
storage tank modelling. The domain flows are utilized by 2-zone Multiple Reference Frame (MRF) 
with name Stationary Domain and Rotary Domain. Meanwhile, because it was thought that the fluid 
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did not reach the top of the tank, specific shear conditions were applied there [30]. Figure 2 show 
the boundary conditions set for the storage tank models. The time step in each simulation portion 
was established in relation to the impeller speed, which ranged from 300 to 600 rpm. As seen in 
Figure 3, the poly-hexcore mesh was utilized across the domain. 

 

 
Fig. 2. Adopted boundary conditions for the CFD model 

 

 
Fig. 3. Storage tank section model CFD meshing 

 
3. Results and Discussion 
3.1 Torque and Power Comparation Between Top Entry and Side Entry Agitator 

  
Based on the analysis results of the top entry and side entry agitator tanks using rotational speeds 

of 300 rpm and 600 rpm, the results are as shown in Table 2, where it can be seen that the torque 
has different variations. This is influenced by the rotational speed and placement of the agitator. Side 
entry agitators often induce a radial flow, which can be less efficient compared to the axial flow 
typically induced by top entry agitators. Radial flow can create more turbulence and resistance, 
thereby increasing the torque required to maintain the same mixing efficiency [31]. 
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Table 2 
Result of the Torque 
Type of Agitator Placement Rotation Speed (rpm) Torque (Nm) 
Top Entry  300 3,266 
  600 13,416 
Side Entry 300 3,663 
  600 14,997 

 
As is known that 1 rpm = 0.10472 rad/s, therefore we can find out the power (in kW units) by 

multiplying the torque (taw) by the rotational speed that has been converted into rad/s units. It is 
obtained for the top entry agitator with a rotational speed of 300 rpm is 102.585 kW, and 600 rpm is 
842.927 kW. Then for the side entry agitator with a rotational speed of 300 rpm has a power of 
115.054 kW, and for a rotational speed of 600 rpm has a power of 942.261 kW. Figure 4 shows a 
comparison graph between each type of agitator placement and rotational speed. 

 

 
Fig. 4. Correlation between rotational speed and power 

 
3.2 Pressure Distribution 
  

Figure 5 shows the pressure distribution that occurs on the impeller during mixing conditions in 
the storage tank. It can be seen that the greatest pressure is found on the side entry agitator with a 
rotational speed of 600 rpm. This occurs because the fluid flow tends to enter the tank horizontally, 
resulting in a greater pressure difference along the distance from the impeller to the tank wall. In 
addition, on the side entry agitator, the friction force is higher on the tank surface, because the 
impeller is located on the side. This causes pressure accumulation on the sides of the tank and a 
greater pressure distribution compared to the top entry agitator which is directed vertically and has 
a more direct and more symmetrical flow. 
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(a)       (b) 

 

    
(c)       (d) 

Fig. 5. Pressure distribution between (a) top entry agitator with 300 rpm, (b) top entry 
agitator with 600 rpm, (c) side entry agitator with 300 rpm, (d) side entry agitator with 600 
rpm 

 
Figure 6 will also show the graph of the relationship between the pressure on the impeller and 

the pressure distribution in the storage tank. It is more clearly seen that the side entry agitator with 
a rotational speed of 600 rpm has a much larger pressure distribution than the others. 

 

 
Fig. 6. Pressure distribution graphics 

 

3.3 Wall Shear Distribution 
  
Technically, wall shear is a shear stress that arises due to differences in fluid velocity near the 

surface wall. When fluid flows, the fluid layer that is very close to the wall (boundary layer) will slow 
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down due to friction with the wall surface [32]. Figure 7 shows the distribution of wall shear on the 
impeller during the mixing process. 

 

    
(a)       (b) 

 

    
(c)       (d) 

Fig. 7. Wall shear distribution between (a) top entry agitator with 300 rpm, (b) top entry 
agitator with 600 rpm, (c) side entry agitator with 300 rpm, (d) side entry agitator with 600 
rpm 

 
As shown in Figure 8, the largest wall shear occurs at the side entry agitator at a speed of 600 

rpm. This impeller directs the fluid horizontally or diagonally, producing a greater shear force on the 
tank wall closer to the impeller. This flow causes a steeper velocity gradient near the wall and thus 
produces greater wall shear around that area. 

 

 
Fig. 8. Wall shear distribution graphics 
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3.4 Velocity Distribution 
  
Figure 9 shows the velocity profile of the agitator working in the storage tank. It can be seen that 

the side entry agitator has a very different flow profile from the top entry agitator. This can happen 
because in the top entry agitator the velocity profile tends to be radial, spreading from the center of 
the impeller in all directions, while in the side entry agitator the velocity profile is more directional, 
forming a strong horizontal flow. It can be seen in Figure 9d because the impeller rotation speed is 
at 600 rpm, therefore the velocity profile is larger than the others 

 

     
(a)       (b) 

      
(c)       (d) 

Fig. 9. Velocity distribution between (a) top entry agitator with 300 rpm, (b) top entry agitator 
with 600 rpm, (c) side entry agitator with 300 rpm, (d) side entry agitator with 600 rpm 

 
3.5 Mixing Time Results 
  

Table 3 shows the mixing time data for each agitator with side entry and top entry positions. Side 
entry agitators are more capable of imparting mechanical energy directly to the fluid along the tank 
walls, which increases turbulence and flow velocity throughout the tank. This results in faster mixing 
times throughout the tank volume. The density obtained in the mixing process until homogeneous is 
722.1 kg/m3. 

 
Table 3 
Result of mixing time 

Type of Agitator Placement Rotation Speed (rpm) Time (s) 

Top Entry  300 5000 
  600 400 
Side Entry 300 1500 
  600 75 
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4. Conclusions 

  
In this study, which varied the placement of the agitator at the side entry and top entry positions 

on the storage tank, it was found that the torque can have a greater value at the side entry placement 
because it has a radial flow so that it can distribute better turbulence. Then because the friction force 
due to turbulence at the side entry agitator is greater, therefore the pressure and wall shear are 
greater at the impeller with the side entry agitator position. This also affects the mixing time, where 
the mixing time is much faster at the side entry agitator, and a higher rotational speed will provide 
more efficient time in the mixing process, so that it can provide time efficiency in the mixing process. 
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