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Abstract: Pipe bends are an integral part of any pipeline network system as these provide flexibility in routing. 

Also the fluid flow inside the pipe bend has applications in various industrial sectors, from power plants and 

food industries to oil and gas companies and petrochemical procedures. In this study, a U-bend pipe is taken 

with constant diameter and length for geometry. Steady, laminar and fully developed flow with no-slip wall 

condition has been solved applying control volume technique using ANSYS FLUENT. Water vapor is used as 

working fluid with the assumption that the fluid is continuum. The continuity equation and Navier-Stokes 

equations are solved. The results obtained from our simulations agree with the results published in literature. 

The aim of the simulations is to investigate the behavior of the pressure and the velocity distributions in U- bend 

pipe. Our results show a change of the pressure and the velocity distributions in U-bend pipe for different 

Reynolds numbers. 
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I. Introduction 
 In many industrial processes, pipe bends are used to convey supplies and a comprehensive 

understanding of fluid dynamics in pipe bends is essential for good pipe design, pipeline arrangements and 

frequently used fitting in piping system. Due to limitations of installation space, pipe bends are frequently used 

to change the direction of a pipe.  In this way, the fluid can be transported to the desired delivery positions. Also 

fluid flow through in the pipe bend is one of the primary characteristics of water conveying structures, related 

structure in dams and irrigation system. Because of secondary circulation in the flow, the pattern of the flow in 

the pipe bend is complicated and these complications make it important issue in hydraulic engineering.  

 Also curved tubes and bends are widely employed in heat exchangers and flow transmitting devices. 

The curved channels can be in the form of helical, spiral, or U-tube return bend. For typical evaporator and 

condenser in refrigerators and air-conditioners that incorporated two phase flow inside the consecutive U-type 

return pipe bends is very common. As expected, the U-type return pipe bends will cause higher pressure drop 

than those of straight tubes. 

 The velocity and pressure distribution in a U-bend pipe (180 degree pipe bend ) have been investigated 

by Bovendeerd et al. [1] via finite element method. They used a laminar parabolic profile as the inflow 

condition. Also they provided a coherent description of the flow field throughout the pipe bend, presenting the 

intensity of the secondary motions and axial velocity profiles for different section along the bend.  

Nakayama et al. [2] performed their experimental studies on 180 degree ducts and the result of measuring in 

separated zone and distribution of Reynolds stress are discussed by them. They presented some equations for 

length and thickness of separation zone with regard to their numerical studies and observed bends allow 

centrifugal forces and other complex phenomena to occur and influence each other.  

 These phenomena are secondary flows, the formation and dispersion of ropes of fluid particles before 

and after bends, erosion at bend outer walls, an increase in wall–particle and particle–particle interactions, an 

increase in heat and mass transfer, as well as pressure drop. They are characterized by a pipe segment showing a 

degree of curvature, in which a fluid enters and exits by a linear segment of pipe . 

 Anwer et al. [3] investigated fluid flow and laminar characteristics of the U-bend pipe (180 degree pipe 

bend). They also investigated the flow development after the downstream tangent and they found that the flow 

reattaches 18 hydraulic diameters away from the bend exit. 

 Azzola et al. [4] investigated the fluid flow through in a U- bend pipe (180 degree pip bend). They 

observed that the fluid flow behavior for circular cross-sectioned U-bend is quite different than the squire cross-

sectioned U-bend. They revealed that the secondary flow patterns start at 45 degree bend angle, which is not the 

case for square U-bend.  Also Azzola et al. [4] checked the accuracy of their numerical result by comparing 

numerical results are reasonably good agreement with the experimental results or data.  
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 Change et al. [5] used a square sectioned U- bend in their researches and they increased the upstream 

section length to ensure the fully developed flow before the bend inlet and measured the Reynolds stresses from 

the bend inlet to the U-bend pipe that is 180 degree bend angle at periodic locations. They showed that the 

increase of the Reynolds stresses in the region between the inlet and the 90 degree plane destabilizes the flow 

close to the concave wall. The measurements in between 90 degree and 180 degree plans showed intriguing 

changes in radial direction for the Reynolds stresses. 

 Sudo et al. [6] focused on the laminar flow in 180 degree bend section of a square duct by using hot- 

wire anemometer. They rotate an inclined hot-wire probe, inside the pipe bend and they measured the different 

velocity components and the Reynolds stresses. They found that the pressure difference between the right wall 

and left wall of the pipe bend causes a secondary flow in the cross section and as a result a centrifugal force acts 

on the fluid. This centrifugal force accelerates the fluid near the left wall decelerates near the right wall. 

 Also Ducret [7], focused on the fluid flow generated sound in U- bends (180degree pipe bend) in his 

study.  He conducted experiments with different bend geometries. One of the bend geometries that he focused 

on is 180 degree bends. For these bend, the angle separating the upstream and downstream sections is 90 degree 

bends. He conducted experiments for two different radius of curvature that ratios of curvature R to pipe 

diameter D to be of 1.6 and 2.5. In his analysis, fluid flow induced sound power level of the straight pipe is 

subtracted from the sound power level measured for each bend to obtain the right sound power level increase for 

bends. He compared the results of two different bend curvatures with straight pipe results. According to his 

study, sound power levels are higher for the pipe with bends than straight pipes.  

 In this study the pattern of flow in U-bend with angle 180 degree with regard to inlet flow, has been 

investigated numerically and velocity profile and pressure distribution has been assessed. It is worth mentioning 

that the flow mode is steady and the range of Reynolds number is 827 to 1654. 

 

II. Model Development 
Problem Statement: We considered water vapor flow through the U-bend pipe in Cartesian coordinates 

systems. Fig.1 shows the geometry and coordinates of the U- bend pipe.   

 

 
Figure.1: The schematic display of the fluid domain for the test case. 

         

Where L=350 mm (0.35 m) is the length and D=2mm (0.002 m) is the constant diameter of the U-bend pipe. A 

number of investigations are performed with no slip boundary conditions on the walls. This model geometry 

constructed by using Gambit 2.2.30 component of the Fluent package as shown in figure 1. The meshing is 

scheme is composed of elements and type. The elements selected were quadrilateral defines the shape of the 

element used to mesh and the type parameter defines the meshing algorithm which in our case was pave.  After 

the geometry is successfully meshed, the zone types are specified. A mesh file is exported for use in Fluent 

6.3.26. 

Governing Equations: The 2D water vapor flow is assumed to be steady and laminar. The two basic laws of 

conservation of mass or continuity equation and Navier-Stokes equations are solved for incompressible flows 

for Newtonian fluid. The incompressible forms of the governing equations are expressed in following forms. 

The equation of conservation of mass or continuity equation can be expressed as: 

The continuity equation :
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Where 𝜌 is the density of the fluid and u , v  are the  x and y velocity components of the flow field and p is the 

pressure and   𝜌 𝑔𝑥  and  𝜌𝑔𝑦  are  the  gravitational body forces (per unit volume) acting on the fluid.  

Boundary Conditions: Boundary conditions were specified at the inlet, outlet and no-slip boundary condition is 

implied on the walls. As inlet boundary condition the initial velocity (v=10, 15, 20 m/s) of the pipe were 

specified for the Reynolds number Re= 827, 1241, 1654 respectively. The static pressure at the outlet was set 0 

Pa and the other settings that have been made are complied in table 1.  

 

Table no. 1:  Material specific settings. 

 

 

 

 

 

 

Numerical   Method: The control volume method is used to discretize the governing equations.  FLUENT 

solves the governing equations for continuity and Navier-Stokes equations in order to obtain the velocity filed 

.To do this control volume based technique is used .The pressure based solver  was used due to modeling of 

laminar flow. The continuity and Navier-Stokes equations are solved with first order up-wind scheme to 

interpolated the corresponding cell centre variables to the faces of the cells. For the pressure-velocity coupling. 

The SIMPLE (Semi – Implicit Method for Pressure-Linked Equations) algorithm was used for introducing 

velocity and pressure into continuity and Navier-Stokes equations.  The computation are considered to be 

converged when the residues for continuity and momentum are less than   10−6. 

 

Grid dependency Test: To evaluate the grid size effect, grid dependency tests are carried out. Three different 

sizes of grid 4×1416, 6×2124 and 8×2832 are tested for U- bend pipe and laminar flow with no slip boundary 

conditions and the results are listed in the following table. The flowing table-2 shows that the difference of 

average velocity at outlet for grid sizes 4×1416, 6×2124 and 8×2832 respectively.  For convenience, we used 

grid size 6×2832.  

 

Table no. 2: Grid dependency test of the average velocity under three sizes of grids. 

 

 

Validity and Verification: To valid our model, we simulated 2D steady, laminar flow through U-bend pipe 

with the boundary conditions as was done by Jason Oakley [8]. We compared velocity distribution with that of 

Jason Oakley [8] along the horizontal line at X=0.05 to 0.1255 m. The results are displayed in figure.2. The 

square symbol represents the Jason Oakley [8] results and the solid line represents the results from current work. 

The results show good agreement which validate our model. 

Material Water-vapor 

Density(kg/𝑚3)) 0.5542 

Specific heat at constant pressure (J/kg-k) 2014 

Conductivity K( w/m-k) 0.0261 

Fluid viscosity ( kg/m-s) 1.34× 10−5 

Grid size Average velocity 

10×1416 9.999996 

20×2124 10.00005 

40×2832 9.999951 



Numerical Study of Water Flow through U-Bend Pipe 

DOI: 10.9790/5728-1504014857                                   www.iosrjournals.org                                           51 | Page 

 
Figure. 2: The velocity distribution along the horizontal line at x=0.05 to 0.1255 m. 

 

III. Result and Discussion 
              The comparison of the velocity distributions among three cases is shown by figure.3. The velocity 

distribution is taken along downstream direction for the three cases ranges from x= -0.35 to 0 m, which is 

positioned in the center line of the horizontal pipe shown in the figure.1. The following figure.3 shows that the 

velocity gradually increases for three cases (Re=827, 1241, 1654) from the inlet but near the bend (in the 

position at x=0 m) velocity decreases rapidly because the flow interruption with the right wall or there are 

stagnation points and at that position the fluid flow changes its direction through the upward section of the bend 

pipe.  Also the mean velocities for Re=827, 1241, 1654 are 13.87991, 20.58417, 27.13529 m/s respectively. 

Here we see that the mean velocity for Re=1654 is large than the other two cases since Re is proportional to the 

velocity. 

 
Figure.3: Velocity distributions in the lower portion of the bend pipe from x= -0.35 to 0 m. 

 

 The along downstream direction for the three cases on the center line of the upper portion of the pipe 

from x=0 to -0.35 m. comparison of the velocity distributions among three cases is shown by figure.4. The 

following figure.4 shows that the velocities for three cases (Re=827, 1241, 1654) near the bend (in the position 

at x=0 m) rapidly decreases because the flow interruption with the upper wall or there are stagnation points and 

that position the fluid flow changes its direction through the upward section of the bend pipe but the velocity 

increases gradually after the bend pipe because there is no stagnation points or flow interruptions so that the 

fluid flow through the pipe easily. Also the mean velocities for Re=827, 1241, 1654 are 13.8669, 20.53103, 

27.02085 m/s respectively. Here we see that the mean velocity for Re=1654 is large than the other two cases 

since Re is proportional to the velocity. 
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                          Figure.4: Velocity distributions in the upper portion of the bend pipe from x= 0 to - 0.35 m. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 Figure.5: Pressure distributions in the lower portion               Figire.6: Pressure distributions in the upper    the 

bend pipe from x= -0.35 to 0 m.                                                          portion of the bend pipe from x= 0 to - 0.35 

m. 

 The comparison of the pressure distributions among three cases are shown by figure.5 and figure.6. The 

pressure distribution is taken along downstream direction for the three cases in the lower portion of the of bend 

pipe from x= -0.35 to 0 m and in the upper portion of the of bend pipe from x= 0 to - 0.35 m, which are 

positioned in the center of the horizontal pipe shown in the figure.1. The above figure.5 and figure.6 show that 

the highest static pressure are produced in the inlet and after the bend respectively for three cases, which 

(Pressure distributions) are linear for incompressible flow. The static pressure (average) for three cases are 

242.0746, 396.2147, 573.744 and 67.37096, 102.4944, 139.2383 Pa respectively.  

 

  

 

 

 

 

 

 

     

 

 

                  

Figure.7: Velocity contours for Re=827          Figure.8: Contours of Static Pressure (Pa) for Re=827 
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 Here we represent the velocity contours close to the bend for three different cases of Reynolds number 

trying to depict the flow distribution variations. At figure-7 the velocity distribution in the bend pipe is 

presented at the Reynolds number 827 while at the figure-8 the pressure distribution in the bend pipe. The  

velocity contour shows a color scheme ranging from 3.13 to 6.25 and 10.2 to 14.1 m/s, in accordance to the inlet 

and outlet velocity while the pressure reaching from 16.3 to 114 and 211 to 309 Pa respectively. According to 

the relationship pressure- velocity the distribution of the results seems reasonable and acceptable. 

                                                   

 

 

 

 

 

 

 

  

 

 

                 

Figure.9: Velocity contours for Re=1241      Figure.10: Velocity contours for Re=1654 

 

 
Figure.11: Velocity profiles in the portion of the pipe before the bend starts. 

 

At figure-9 and figure-10 comparison between the velocities distribution along the bend pipe are 

presented for two different Reynolds numbers, 1241 and 1654. The contours show that with the increase of the 

Re number and in turn the velocity, the fluid flows with a higher velocity the pipes causing it to deviate after the 

bend. This is present in the contour showing the results for Re 12410. At Re 1654 the flow develops a region at 

which recirculation may occur. These are the point where the flow is separated by the wall curved and 

maximum shear stress is expected. From the above result it can be predicted that in such locations, corrosion is 

more possible to happen.  

     

Figure.11 shows the velocity profiles in the portion of the pipe before the bend starts for three different 

values of Reynolds numbers. The influence of the Reynolds number is significant, not only to the velocity 

maximum values, which is reasonable. From the above figure-11, we see that the velocity profiles are skew 

parabolic and the velocities increase near the upper wall since there is no flow interruption with the upper wall 

and low friction while near the lower wall, velocities are low for flow interruption with the right wall and at that 

position the fluid flow changes its direction through the upward section of the bend pipe. The mean velocities 

for Re=827, 1241, 1654 are 10.11732, 15.18658 and 20.24596 respectively. 
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Figure.12: Velocity profiles in the bend portion of the pipe. 

 

 Figure.12 velocity profiles in the bend portion of the pipe for three different values of Reynolds 

numbers. From the above figure-12, we see that the velocity profiles are skew parabolic and the velocities 

increase near the left wall for no flow interruption with the left wall so that the fluid flow through the pipe easily 

with large velocity and low viscosity but after x=0.0015 m, velocities decrease gradually near the right wall for 

flow interruption with the right wall and at that position the fluid flow changes its direction through the upward 

section of the bend pipe. The mean velocities for Re=827, 1241, 1654 are 10.20608, 15.32872 and 20.45246 

respectively. 

 

 
Figure.13: Velocity profiles in the portion of the pipe after the bend ends. 

 

 Figure.13 shows the velocity profiles in the portion of the pipe after the bend ends for three different 

values of Reynolds numbers. The influence of the Reynolds number is significant, not only to the velocity 

maximum, which is reasonable. From the above figure-13, we see that the velocity profiles are skew parabolic 

and the velocities increase near the upper wall since there is no flow interruption with the upper wall but after 

x=0.0025 m, velocities decrease for flow interruption with the lower wall and that position the fluid flow 

changes its direction through the pipe. The mean velocities for Re=827, 1241, 1654 are 10.108625, 15.50335 

and 20.73449 respectively. Here we see that the mean velocity for Re=1654 is large than the other two cases 

since Re is proportional to the velocity.    
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Pressure Drop within the Bend:    

 
                                        Figure.14: Pressure drop comparison along the bend for three cases. 

  

 Figure-14 represents the comparison of pressure drop within the bend region for three cases. The 

pressure drop is taken for three different positions along the bend at near the right wall, centre line and near the 

left wall for three cases (Re= 827, 1241, 1654). From above figure-14 we see that the large pressure drop in the 

centre line along the bend for three cases than near the right and left wall since the large velocity occurs at the 

centre line of the bend and the large velocity produces large pressure drop in the bend pipe. Also we see that the 

large pressure drop occurs for the Re=1654 than the other two cases since Re is proportional to the velocity. 

 

IV. Conclusion 
Also the numerical analysis and estimation was conducted for fluid flow through a U-bend pipe. The 

analysis has been conducted on three different Re values (827, 1241and 1654) which in turn impacted the inlet 

velocity of the fluid (10, 15 and 20 m/s). We observed that within the lower portion of the pipe along the 

downstream direction velocity gradually increases from the inlet but velocity decreases rapidly near the bend 

because of flow interruption with the right wall. Along the upper portion of the pipe velocities for three cases 

(Re=827, 1241, 1654) near the bend is lower and increases gradually along the downstream direction. Also the 

cross wise velocity profiles are skew-parabolic before the bend starts, in the bend portion and after the bend. 

The irregularities of velocity increases as the Re value is increased and the large pressure drop as well as large 

velocity occurred as well on the centre line compared to any other portion of the pipe for three cases. Also the 

pressure distributions are linear within the upper and lower portion of the pipe. The present findings may be 

useful to understand the flow characteristics inside the bend pipes at any pumping stations and water refineries.   
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