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__________________________________________________________________________________________ 

Abstract: Pipeline transportation is a common way to transport oil or natural gas. The pipe is an 

inevitable connection in pipeline transportation, while the pipe will have a certain effect on the loss 

of pressure. In this paper, three different types of elbow pipe are established, and the numerical 

simulation calculation is carried out by FLUENT software. The flow field characteristics and the 

pressure loss of the inlet and outlet under different angles are studied and analyzed. The result shows 

that the pressure loss increases with the decrease of the angle of the elbow pipe. 
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__________________________________________________________________________________________ 

 

1. INTRODUCTION 

Elbow pipe is a very common channel structure, widely used in aerospace, petroleum, chemical 

industry, water conservancy and other fields. When the fluid flows in these pipes, two kinds of energy 

loss are produced: one is the loss of energy caused by the viscosity of the fluid and the roughness of 

the pipe, and the other is the local energy loss caused by local obstacles such as the bifurcation of the 

bifurcated tube, the elbow of the right-angle bend, the valve and so on [1]. Due to the flow 

characteristics of the fluid itself, the fluid separations can be caused by centrifugal action at the bend 

pipe, which will cause vortex motion, the pressure loss, and the turbulence noise to some extent. In 

literature [2], through the establishment of k-ε model, RNG k-ε model and Reynolds stress model, 

the flow field in the elbow pipe is calculated. By comparison with the experiment, it is found that the 

centrifugal force in the pipe causes the uneven distribution of pressure in the pipe. 

 

2. THE ESTABLISHMENT AND CALCULATION OF THREE-DIMENSIONAL MODEL 

2.1 Grid partition 

Three-dimensional modeling is carried out by Solidworks, and then meshing is used to lengthen the 

outlet pipeline of the elbow so as to ensure the establishment of sufficient development conditions. 

The exit boundary conditions are treated with fully developed turbulent flow, and the axial gradient 

of all variables at the exit section is zero. The boundary condition is used at the wall surface, and the 

standard wall function is used to deal with the near wall grid points [3-5]. 
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Fig.1. Diagram of grid partition 

 

2.2 Theoretical equation 

(1) Conservation equation of fluid mass 

The continuity equation is also called the mass conservation equation, and any flow problem must 

satisfy the conservation of mass equation [6]. The clean mass of the fluid flow in a unit time is equal 

to the quality reduced by the density change in the same time interval. The fluid flow continuity 

control equation, that is, the mass conservation equation, can be derived [7]. 
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Where   represents density, t is time, and wvu 、、 are respectively expressed as the components of 

velocity vector in zyx 、、 direction.  

(2) Conservation equation of momentum for fluid 

The equation is a momentum conservation equation describing the incompressible fluid viscosity in 

fluid mechanics. It reflects the basic law of viscous fluid in the flow process. For the fluid of unit 

mass, the acceleration is the sum of the surface force, the volume force and the viscous stress of the 

fluid [8-9]. 
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()grad , and uS , vS , wS are the source terms of the N-S equation.  

 

2.3 Boundary condition 

The turbulence model used in this paper is the standard k-ε model. The following assumptions are 

made in the calculation process. 

(1) The Gas in this paper is ideal gas. 

(2) Neglecting the heat exchange between gas and wall during the exhaust process. 

The QUICK difference scheme and the SIMPLE algorithm are selected. In the differential discrete 
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format, the gradient is Green-Gauss Cell Based and the pressure is PRESTO! The other parameters 

use the default values [10]. 

The boundary conditions are set as follows: 

(1) Inlet is set as speed inlet and fluid velocity is known as 10m/s. 

(2) Exports are outflow free exports, and all other parts are solid wall boundaries. 

 

3. CALCULATION RESULTS AND ANALYSIS 

From the velocity trace of Fig.3, we can see that the streamline is a smooth curve, and it can not 

intersect or turn. Therefore, due to the flow characteristics of the fluid, the boundary layer separation 

and the two flow on the cross section are generated by the flow characteristics of the fluid, and the 

vortex is formed at the right corner corner of the flow channel. The flow separation and wall 

attachment are also existed on the straight flow channel, resulting in the energy loss of the flow and 

fluid noise. 

The pressure distribution can be seen from Fig.2 and Fig.4. The inlet pressure is large, and the outlet 

pressure decreases due to local resistance loss and resistance loss along the path. It can be seen from 

Fig.5 that the pressure loss decreases with the increase of angle, which is caused by eddy current at 

the elbow. 

   

Fig.2. Pressure cloud map of outlet section at different angles 

   
Fig.3. The velocity trace diagram at different angles 

 
 

 

Fig.4. Curved pipe pressure clouds at different angles 
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Fig.5. The relationship between pressure and elbow angle 

 

4. SUMMARY 

(1) The finite volume method is used to simulate the flow field of different elbow angles, and on this 

basis, the characteristics of the vortex structure and the generation of energy loss are analyzed. 

(2) Through numerical simulation, it is found that the pressure loss decreases with the increase of 

elbow angle, which provides a theoretical basis for selecting elbow angle in future. 
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