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installation of rotating vane blades at 10° and 33° angles. The simulation's input
parameters include fluid viscosity (0.000017894 kg/m.s), fluid density (1.225 kg/m3),
and inlet fluid velocity (10, 14, 20, 24, 26, and 30 m/s). The simulations' output
parameters include velocity and pressure measured at two points: section A-A (before
the pipe bend) and section B-B (after pipe bend). The findings demonstrate that the

Keywords: velocity and pressure distribution is somewhat uneven at section B-B owing to the
90° pipe bend; vane blade; numerical presence of the rotating vane. The most efficient rotation vane blade angle is 10° since
study; pressure drop it has the lowest velocity, static pressure, and pressure drop.

1. Introduction

The 90° pipe bend is often employed in pipeline systems to divert flow to specific places [1,2]. It
is used in a variety of engineering applications, including the oil industry, transportation systems,
water supply systems, air conditioning systems, and hydraulic systems [3-5]. As the fluids travel
through the pipe bend, the turbulent flow of high-velocity fluids contacts the pipe bend's wall, and
centrifugal force is created based on the bend curvature, resulting in the development of secondary
flows [2]. Secondary flows may have led to pressure drop (or loss) [6,7]. An abrupt change in flow
direction in a pipe bend causes corrosion and erosion [8—10]. These issues create pipe wall wear,
leading in pipeline system failure, which has been claimed to be the major concern in the oil and gas
sectors [11,12]. This failure resulted in a shutdown of production, economic losses, and increased
pollution [10,12]. Wear is also a major issue in a variety of sectors, including mining [13],
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transportation [14], lubrication [15-20] and manufacturing [21-23]. As a result, it is critical to find a
solution to these issues.

Saha [3] numerically investigated the influence of guide vanes on fluid flow characteristics and
discovered that secondary flow was nonexistent when guide vanes were inserted in pipe bends.
Valsala [7] also used a guiding vane to prevent pressure loss at pipe bends. They used numerical
analysis to investigate the impacts of vane number and shape on flow characteristics. Their research
found that choosing the right vane number and fin design may significantly minimize turbulence and
secondary flow, lowering pressure loss. Several investigations have also been conducted to directly
evaluate the relationship between corrosion failures and particle properties and flow characteristics.
Li [12] discovered that corrosion failures in pipes are affected by particle concentrations and flow
characteristics (i.e., temperature and velocity) using numerical simulation studies. Singh [8] studied
the relationship between erosion wear and velocity, particle size, and concentrations of sand water
slurry flowing through a pipe bend numerically. The findings found that erosion increased
dramatically with these conditions. To prevent corrosion and erosion issues in pipe bends, it is vital
to pay attention to these factors, which include particle properties (size and concentration) and flow
characteristics (secondary flow, temperature, and velocity).

The above-mentioned literature mostly conducted their investigations numerically because
experimental research is expensive and time consuming [24]. Computational fluid dynamics (CFD) is
a useful method for solving fluid flow problems by using Navier-Stokes equation and the suitable
boundary conditions [8]. CFD is extensively used because it is user-friendly, can save energy, time,
and money on experimentation, can accomplish accurate fluid flow prediction, and can provide
results efficiently [25,26].

The current study attempts to control flow characteristics such as velocity and pressure drop in a
90° pipe bend by inserting a Cheng rotation vane (CRV) within the pipe. CRV was chosen because it
is extensively utilized in various industries to handle pipe bend erosion issues by eliminating
turbulence, reducing fluid velocity, and reducing pressure drop in pipe bends [27]. The flow
characteristics in the 90° pipe bend are numerically investigated using computational fluid analysis
(CFD). The effects of varied rotating vane blade angles on flow characteristics such as fluid velocity,
pressure, and pressure drop within the pipe bend were investigated.

2. Governing Equations and Numerical Methodology

Fluid flow across a 90° pipe bend is deemed incompressible. The three-dimensional Reynolds
Averaged Navier-Stokes (RANS) equations were solved using the commercial computational fluid
dynamics (CFD) program ANSYS AIM. Navier-Stokes equations are made up of governing equations
such as mass conversion, Eq. (1), and momentum conversion, Eq. (2).
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where f; is the vector representing external force and v is the kinematic viscosity.
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The present study focuses on the impacts of various rotating vane blade angles on the velocity
distribution, pressure distribution, and pressure drop characteristics in a pipe bend. The pipe bend
geometry, illustrated in Figure 1, was created using SolidWorks software, and the geometry's details
are provided in Table 1. The velocity distribution, pressure distribution, and pressure drop were
determined at sections A-A and B-B along (P1-P10), where pipe section A-A is located 0.1m before
the fluid enters the rotation vane at the vertical pipe and section B-B is located 0.1m after the fluid
passes through the rotation vane at the horizontal pipe, as shown in Figure 1(a). In this investigation,
two distinct rotation vane blade angles of 10° and 33° were adopted, as illustrated in Figure 1(b) and
1(c), respectively. Figure 2 shows the mesh distribution of the pipe created by ANSYS software.
Because of its capacity to resolve an exact flow and outcomes, hexahedral mesh was utilized. The
computational domain's grid generation consists of roughly 210591 and 209662 meshes for 10° and
33° rotation vane blade models, respectively.
B
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Fig. 1. Geometric models of (a) a pipe, (b) a rotation vane blade with a 10° angle, and (c) a rotation
vane blade with a 33° angle

Table 1

Geometry description

Diameter Vertical length Horizontal Rotation vane Rotation vane Material density
(m) (m) length (m) blade angle (°) blade material (kg/m3)

0.1 1 1 10, 33 Steel 8030
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Fig. 2. Mesh scheme of pipe bend cross section

The current research focuses on multiphase flow, turbulent flow, and steady state. For addressing
the governing equations, the realizable k-€ turbulence model was adopted. This model was chosen
because it is known to offer accurate predictions, the best fit with experimental data, it is suited for
solving intricate flows, and it works better for single-phase flows in pipe bends [3,28]. The governing
equations for k-g are given in [3]. The standard wall function was employed for near wall treatment
because it allowed for the use of a reasonably coarse mesh in the pipe's near wall area. The SIMPLE
algorithm and second order upwind techniques were used for pressure-velocity coupling. Air is used
as the working fluid in this investigation. In order to increase the Reynolds number, the input velocity
was changed in each numerical model. The following initial boundary conditions were considered in
this study: (i) the temperature effect was negligible; (ii) the flow regime was assumed to be transient;
(iii) no phase changes and no mass transfer between phases; (iv) the inlet was defined at the lower
vertical pipe, whereas the outlet was defined at the end of the horizontal pipe; and (v) all the outer
surfaces of the geometry declared as a wall. Table 2 shows the complete list of parameters utilized
in this investigation.

Table 2

Simulation setup used in this study

Parameters Settings

Turbulence model Realizable k-

Near wall Standard wall functions

Pressure-viscosity coupling Simple

Fluid Air

Air density 1.225 kg/m3

Air viscosity 0.000017894 kg/m.s

Operating pressure Atmospheric

Inlet velocity V (m/s) Re
10 68458.70
14 95842.18
20 136917.40
24 164300.88
26 177992.62
30 205376.10
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3. Validation of Numerical Model

To validate the accuracy of the simulation model, the current simulation results are validated
with experimental data from [11]. The experiment in Asus's [11] was carried out utilizing a 90° pipe
bend with a diameter of 0.054 m. The fluid characteristics employed in the previous investigation
were similar with the current investigation.

4. Results and Discussion

The effects of varying angles of rotation vane blades on the velocity distribution, pressure
distribution, and pressure drop characteristics in a pipe bend are numerically examined in this
section. The simulation results were conducted at varied velocity inlet (V=10, 14, 20, 24, 26 and 30
m/s) at ten distinct places throughout the pipe cross-section with 0.01m spacing between two-points.

4.1 Velocity Distributions

Figure 3 and 4 depict the velocity contour and velocity distributions of the pipe bend at different
velocities with rotation vane blade angles of 10° and 33°. In general, these figures illustrate that the
velocity distribution rises with increasing Reynolds number and illustrate the turbulent profile. The
velocity distributions at section A-A were found to be identical for both rotation vane blade angles,
as shown in Figure 3 and Figure 4(a) and (c). Because of the viscosity of the fluid that adheres to the
pipe wall, the fluid viscosities at the pipe wall (P1 and P10) were equal to zero [24]. Figure 4 (a) and
(c) show that the fluid velocity at section A-A rose from P2 to P4, then remained constant from P4 to
P7 before decreasing from P7 to P9. These results reveal that the fluid velocity was at its greatest in
the middle of the pipe cross-section.

Furthermore, the velocity contours vary after passing through the rotating vane blades. Fluid
velocity was marginally higher in section B-B than in section A-A for both rotating vane blade angles.
Figure 4(b) and (d) show that the fluid velocity of the pipe bends with rotation vane blade at 10° was
smaller than that at 33°. The fluid velocity at section B-B for both rotation vane blade angles
decreased from P2 to P6, then remained constant at P6 and P7 before rising again from P8 to P9.
When compared to the velocity distributions at section A-A, which indicate more fluid velocity in the
middle of the pipe section, the velocity distributions at section B-B indicate less fluid velocity in the
middle of the pipe section. The existence of the rotating vane blade, which serves as a barrier for the
fluid to pass along the pipe, causes this phenomenon [27].

Table 3 shows the maximum and minimum velocity at sections A-A and B-B of a pipe bend with
rotating vane blades of 10° and 33° angles. According to Table 3, the maximum value of fluid velocity
at section B-B was somewhat greater than that at section A-A due to the fluid flowing through the
pipe bend. When compared to the velocity at section B-B, the highest velocity at section A-A was
approximately identical to the inlet velocity. For each section, the lowest velocity at the pipe's wall is
equal to zero. Furthermore, Table 3 reveals that the fluid velocity of a pipe bend with a rotation vane
blade of 10° angle was lower than that of a pipe bend with a rotation vane blade of 33° angle. The
velocity of a pipe bend with a 33° rotation vane blade (v=34.42 m/s) was 4% greater than that of a
10° rotation vane blade (v=33.10 m/s) at Re number 205376.10. Lower fluid velocity is preferred
because it results in a lower pressure drop throughout the pipe section [11].
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Fig. 3. Velocity contours of the pipe bend with rotating vane blade
angles of (a) 10° and (b) 33° at various velocities
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Fig. 4. Velocity distribution at sections A-A and B-B of the pipe bend with rotating vane blade angles of (a)-(b)
10° and (c)-(d) 33° at various velocities

4.2 Pressure Distributions

Table 3

Maximum and minimum velocity at section A-A and section B-B of pipe bend with rotation vane blade
of 10° and 33° angles the density of the specimen

Velocity Reynolds Velocity at section A-A Velocity at section B-B Velocity at section B-B
inlet, V number, Re  (10°) and (33°) (10°) (339)

(m/s) Maximum Minimum Maximum Minimum Maximum Minimum
10 68458.70 11.09 0.00 11.15 0.00 11.64 0.00

14 95842.18 15.43 0.00 15.56 0.00 16.22 0.00

20 136917.40 21.91 0.00 22.15 0.00 23.06 0.00

24 164300.88  26.22 0.00 26.54 0.00 27.62 0.00

26 177992.62  28.37 0.00 28.73 0.00 29.89 0.00

30 205376.10  32.67 0.00 33.10 0.00 34.42 0.00

Figure 5 and 6 display the pressure contour and pressure distributions of the pipe bend with
rotation vane blade angles of 10° and 33° at various velocities. Figure 5 and 6 illustrate that the
pressure distributions throughout the pipe cross-section are affected by the Reynolds number. As
the Reynolds number rises, so do the pressure distributions. Figure 6(a) and 6(b) indicate that the
pressure distributions at section A-A vary very little over the pipe cross-section (from P2 to P9) for
both rotating vane blade angles, see Figure 6(a) and (c).
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(a)

Fig. 5. Pressure contours of the pipe bend with rotation vane blade
angles of (a) 10° and (b) 33° at various velocities
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Fig. 6. Pressure distribution at sections A-A and B-B of the pipe bend with rotating vane blade angles of (a)-
(b) 10° and (c)-(d) 33° at various velocities

Figure 6(b) and (d) show the pressure distributions at section B-B for both rotation vane blade
angles. It is evident that the pressure inside the pipe became lower after the fluid passing through
the rotation vane blade. The pressure distributions at section B-B for both rotating vane blade angles
exhibit a similar pattern, indicating an increase in pressure from P2 to P9. However, the pressure
value varies slightly owing to changes in rotating vane angle. The pressure across the pipe cross-
section of a rotation vane blade angle of 10° was greater than that of a rotation vane blade angle of
33°. Because of momentum exchanges and normalized pressure from the uniform value of static
pressure before the fluid flows through the rotating vane blade to the curvature of the pipe bend,
the pressure increment across the pipe cross-section rises from the bottom to the upper part section
[6]. The pressure drops slightly from the lower to upper part of section B-B due to the centrifugal
force caused by the circular motion of fluid particles caused by the curvature of the pipe bend [29].

Table 4 shows the maximum and minimum pressures at sections A-A and B-B of a pipe bend with
rotating vane blades at 10° and 33° angles. This table clearly illustrates that the maximum pressure
in section B-B was lower than in section A-A. This happened as a result of the geometry model's
curvature. The greatest pressure was found to be at the top part of the pipe cross-section (P9) at
section B-B of the pipe bend, while the lowest pressure was found to be at the lower part of the pipe
cross-section (P2). As shown in Table 4, the pressure of a pipe bend with a rotation vane blade of 10°
angle was greater than that of a pipe bend with a rotation vane blade of 33° angle. The pressure of a
pipe bend with a 10° rotation vane blade (P=82.59 Pa) was 31% greater than that of a 33° rotation
vane blade (P=56.92 Pa) at Re number 205376.10. The greater the pressure, the greater the fluid
velocity. According to the findings of the velocity distributions in the previous section, the fluid
velocity of a pipe bend with a rotating vane blade of 10° angle was lower. The installation of a rotating
vane blade with a 10° angle has reduced fluid velocity, resulting in a lower pressure drop when the
fluid passes through the pipe bend.
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Table 4
Maximum and minimum pressure at section A-A and section B-B of pipe bend with rotating vane blade
of 10° and 33° angles

Velocity Reynolds Pressure at section A-A Pressure at section B-B Pressure at section B-B
inlet, V number, Re  (10°) and (33°) (10°) (33°)

(m/s) Maximum Minimum Maximum Minimum Maximum Minimum
10 68458.70 94.58 0.00 11.93 0.00 8.32 0.00

14 95842.18 179.82 0.00 21.67 0.00 14.56 0.00

20 136917.40 357.00 0.00 40.08 0.00 27.47 0.00

24 164300.88  506.73 0.00 55.46 0.00 38.09 0.00

26 177992.62  591.05 0.00 63.96 0.00 43.98 0.00

30 205376.10 778.65 0.00 82.59 0.00 56.92 0.00

4.3 Pressure Drop

Figure 7 depicts the pressure drop between sections A-A and B-B of the pipe bend with rotating
vane blade angles of 10° and 33° at different velocities. The graph indicates that the pressure loss
rises dramatically with Reynolds number for both rotating vane blade angles. The pressure changed
from section A-A to section B-B as a result of centrifugal forces, friction on the pipe bend wall, and
the angle of rotation of the vane blade [5,30]. The largest pressure drop happened at the lower end
of the pipe cross-section (P2), while the least pressure drop happened at the higher end of the pipe
cross-section (P9). However, the difference in pressure drop between these two points is relatively
marginal for each Reynolds number. Table 5 contains the data for the maximum pressure drop for
both rotating vane blade angles. This table illustrates that as the Reynolds number increased, the
maximum pressure drop raised dramatically. This table's data also illustrate that the angle of rotation
of the vane blade impacts the pressure drop. In comparison, the pressure drop for a rotation vane
blade with a 10° angle was less than that of a rotation vane blade with a 33° angle. The pressure drop
of a pipe bend with a 10° rotation vane blade (P=709.6 Pa) was 3.8% lower than that of a 33° rotation
vane blade (P=736.54 Pa) at Re number 205376.10. The minimum pressure drop is critical since it is
the primary criterion that may impact pipe system efficiency. As a result, a rotating vane blade with
a 10° angle is the ideal angle since it delivers the least amount of fluid velocity and pressure decrease.

Table 5
Maximum and minimum pressure drop between Sections A-A and section B-B of pipe bend with rotating
vane blade of 10° and 33° angles

Velocity inlet, V. Reynolds Pressure drop between sections A- Pressure drop between sections A-
(m/s) number, Re A and B-B (10°) A and B-B (33°)
Maximum Minimum Maximum Minimum

10 68458.70 84.19 0.00 88.66 0.00

14 95842.18 161.15 0.00 169.07 0.00

20 136917.40 322.98 0.00 336.60 0.00

24 164300.88 460.00 0.00 478.50 0.00

26 177992.62 537.30 0.00 558.48 0.00

30 205376.10 709.60 0.00 736.54 0.00
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Fig. 7. Pressure drop between sections A-A and B-B of the pipe bend with rotating vane blade of
angles (a) 10° and (b) 33°

4.4 Validation
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Table 6 compares the maximum and minimum velocity findings of the simulation analysis with
the experiment findings obtained by Asus [11], which were obtained by measuring the velocity
distribution at section B-B of a pipe bend with rotating vane blades of 10° and 33° angles. The
maximum velocity value for the 33° rotation vane was larger for both Re numbers than for the 10°
rotation vane, indicating extremely strong agreement between simulation and experimental data.
Table 6 shows that the percentage discrepancy between the simulation and experiment findings is
roughly 23% for both rotating vane blade angles. Despite a velocity differential of 23%, simulation
findings indicate a relatively good agreement with experimental data. The inaccuracy was caused by
the differing pipe diameter sizes employed in both tests. The velocity is greater in the experiment
because the pipe diameter was two times smaller than in the current investigation.
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Table 6
Velocity distribution validation of experimental data of Asus [11] with present simulation
Velocity  Reynolds Simulation Experiment Percentage
inlet, V number, Velocity at Velocity at Velocity at Velocity at different from
(m/s) Re section B-B section B-B section B-B section B-B the previous
(10°) (33°) (10°) (33°) study
Max Min  Max Min Max Min Max Min  (10°) (33°)
26 177992.62  28.73 0.00 29.89 0.00 37.38 0.00 38.87 0.00 23.15% 23.11%
30 205376.10 33.10 0.00 34.42 0.00 43.23 0.00 44.70 0.00 23.42% 23.01%

Table 7 shows a comparison of the pressure distribution at section B-B of a pipe bend with
rotating vane blades of 10° and 33° angles between simulated analysis and experimental data.
According to Asus [11], the maximum pressure achieved was negative because the pressure at
section A-A was larger than that at section B-B. According to Table 7, there is a large percentage
discrepancy between the simulation and experimental data, ranging from 92% to 95%. This
circumstance happened as a result of the pressure boundary conditions chosen at the end of the pipe
model in simulation. For the fluid to flow out of the pipe, the outflow boundary conditions were
specified. The gauge pressure in the prior experiment design is unknown, which might limit the
boundary condition setting. Because of the constraint, the outflow boundary conditions were used
instead of the pressure outlet boundary condition, which might result in differing pressure values
along with the pipe model.

Table 7
Pressure distribution validation of experimental data of Asus [11] with present simulation
Velocity Reynolds Simulation Experiment Percentage
inlet, V number, Pressure at Pressure at Pressure at Pressure at different from the
(m/s) Re section B-B section B-B section B-B section B-B previous study
(10°) (33°) (10°) (33°)
Max Min  Max Min  Max Min Max Min  (10°) (33°)
26 177992.62 63.96 0.00 4398 0.00 -842.14 0.00 -910.69 0.00 92.41% 95.17%
30 205376.10 82.59 0.00 56.92 0.00 - 0.00 - 0.00 92.67% 95.27%
1126.12 1204.46

Table 8 compares the pressure drop between the experimental and simulation findings of the
current investigation. Table 8 shows that the pressure drop trend for simulation findings matches the
experimental data, indicating that the pressure drop with 33° rotation vane is greater than that with
10° rotation vane. The percentage difference in pressure drop between simulation and experimental
data was less than 10%.

Table 8
Pressure drop validation of experimental data of Asus [11] with present simulation
Velocity Reynolds Simulation Experiment Percentage
inlet, V number, Pressure at Pressure at Pressure at Pressure at different from
(m/s) Re section B-B section B-B section B-B section B-B the previous
(10°) (33°) (10°) (33°) study
Max Min  Max Min Max Min Max Min  (10°) (33°)
26 177992.62 537.30 0.00 558.48 0.00 509.20 0.00 577.75 0.00 552% 3.34%
30 205376.10 709.60 0.00 736.54 0.00 705.05 0.00 802.97 0.00 0.65% 8.27%
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4. Conclusions

The air flow through a 90° pipe bend was computationally examined using computational fluid
analysis (CFD) simulations at various inlet velocities ranging from 10 m/s to 30 m/s and Reynolds
numbers ranging from 68458.70 to 205376.10. The velocity distribution, pressure distribution, and
pressure drop are presented and analysed for rotating vane angles of 10° and 33°. The current
investigation leads to the following conclusions

i.  Forboth pipe bends with rotating vane blade angles of 10° and 33°, the velocity, pressure,
and pressure loss increased as the Reynolds number increased. Before the fluid passed
through the rotating vane blade, a uniform velocity profile was developed. Then, in the
middle of the pipe bend, it becomes uneven and reaches maximum velocity in the upper
section of the pipe. This occurrence happened as a result of the curvature and rotation
vane blade, which serve as a barrier to fluid flow.

ii.  The pressure distribution along the pipe model is inversely proportional to the velocity
profile. These findings are consistent with the momentum equation theory, which
includes potential energy, kinetic energy, and pressure. As the velocity represented by
kinetic energy rises, the pressure must decrease in proportion to maintain all points along
a streamline constant. In addition, when the fluid flows through the pipe bend, the
pressure tends to decrease, causing the velocity to rise. As a result, pressure drops
occurred at several pipe bends throughout the pipeline system.

iii. It has been discovered that by inserting a vane blade in the pipes system, the separation
flow may be removed. The fluids that flow through the 10° rotation vane blade angle have
lower velocity, pressure, and pressure drop than the fluids that flow through the 33°
rotation vane blade angle. In the current investigation, the optimal rotation vane angle is
10° because smaller pressure drop produced implies greater flow system efficiency.

iv.  The validation of the current simulation with the experiments given in Reference [11]
reveals a similar pattern. The findings reveal that the percentage difference in velocity
and pressure drop was smaller owing to differences in pipe diameter, whereas the
percentage difference in pressure was greater owing to the pressure boundary conditions
settings.
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