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ABSTRACT 

The article provides basic information about the principles of calculations based on the solution of 

the system of Navier-Stokes equations by the control volume method, and the relationship between 

velocities and pressure was found using the SIMPLE procedure. For the numerical solution of this 

problem, schemes against the flow of A.A. Samarsky and McCormack were applied. The results were 

compared with each other and with experimental data. The Spalart-Allmares model is used for 

turbulence. On the example of a two-dimensional flow model in a straight channel, the influence of 

the quality of the grid and turbulence models on the distribution of flow parameters inside the 

calculated zone and the integral characteristics of the flow is studied. 
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1. Introduction 

Mathematical modeling, as one of the ways to gain new knowledge, is today one of the main 

research methods in various fields of natural science. The movement of gas in a wind tunnel, the 

propagation of tsunami waves, the spread of plasma in a trap, weather changes and other numerous 

phenomena in science and technology are described by various mathematical models presented in the 

form of integral or partial differential equations. Modern computational algorithms make it possible 

to solve these systems of equations with sufficient accuracy in two-dimensional and three-

dimensional approximations when solving various classes of problems, taking into account real 

geometries and the unsteadiness of the process. Further progress in the development of numerical 

methods is associated with the development of new numerical algorithms and the growth of the 

speed and power of modern computer technology [1]. Modern numerical methods accelerate the 

process of developing new products, allow you to point out the weaknesses of existing ones, but the 

question arises about the reliability of the results obtained. The accuracy of the results obtained using 

these calculations depends on the choice of turbulence models, as well as on the number of elements 

of the computational grid. The purpose of this work is to study the influence of numerical schemes 

on the results of calculations and their agreement with experimental data, to determine the degree of 

influence of various grid parameters on the resulting flow structure [2]. 
 

2.  Physical and mathematical formulation of the problem. 

A two-dimensional turbulent flow in a flat channel is considered. To get a developed turbulent 

profile, there are two ways: 1) to use a long channel, the length of the channel should be 20 times its 

height. This requires additional calculation time. And there is a second method 2) Called the 

boundary condition of copying Spalart and Leonard [3], Lund et al. [4] we take a short channel and 

copy its values at the output to the values at the input    1 , , , ,A U V p A U V p  . In this article, it is 

investigated for both cases. The physical picture of the analyzed flow and the configuration of the 

computational domain are shown in Fig. 1. 
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           а)                                           б) 

Fig. 1. Diagram of the computational domain in a flat channel a) the first case, b) the second 

case 

The system of unsteady Navier-Stokes equations averaged by Reynolds after using the Businesque 

hypothesis and the continuity equation with constant density const  in Cartesian coordinates has 

the following form [5]: 
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Here are, VU , respectively, the longitudinal and vertical components of the flow velocity vector, p is 

the hydrostatic pressure, and 0Re /HU   is the Reynolds number. v - linear vortex viscosity and 

turbulent vortex viscosity is calculated by the formula: 1t vv f  . The remaining values remain the 

same as for the "standard" model, which are presented in [6]. All fixed solid walls have obvious 

boundary conditions of adhesion 0ГU and 0ГV , where Г is a solid boundary. 

3.  Solution method 

For the numerical solution of the system of initial nonstationary equations (1) for all schemes, the 

finite difference method is used. Due to the difficulties of matching the velocity and pressure fields, a 

grid with a spaced structure of the arrangement of grid nodes for dependent variables was used to 

discretize the equations of motion in YX ,  directions and the continuity equation. This means that 

the velocity and pressure components are determined at different nodes. This approach is similar to 

the SIMPLE methods and gives certain advantages when calculating the pressure field [7-9]. The 

layout of cells and nodes is similar to the scheme of the SIMPLE method. 

3.1.  Numerical schemes 

Scheme upwind 

A flow - versus - flow approximation scheme of the second order of accuracy for derivatives in space 
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and of the first order in time 2 2( , , )O t x y   , stable at 
 

1
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


 
. In this case, the diffusion terms 

are approximated according to the scheme with central differences of the second order, and for 

convective terms, the second order is approximated according to the scheme against the flow and the 

first order of accuracy in time [10]. 

McCormack Scheme 

The McCormack method is widely used to solve equations of gas dynamics. McCormack is 

especially convenient for solving nonlinear partial differential equations. Applying an explicit 

predictor-corrector method to the nonlinear Navier-Stokes equation. This is an explicit second-order 

      2 2 2
, ,O t x y    accuracy scheme with an approximation error, stable at 

 
1

min ,

t

x y




 
 [11]. 

3.2.  Calculated Grids 

In computational fluid dynamics, it is extremely important that the simulation correctly represents 

the conceptual model. Moreover, the simulation should resemble real flows as accurately as possible. 

Numerical modeling has various advantages over experiments [12]. The main one is that the 

parameters can be easily changed and quick results are possible at a lower cost. In this study, three 

samples of the calculated grid were used. Which mesh is crushed at the walls of the channel Fig. 2. 

 

Fig. 2. Shredding the mesh at the channel 

wall 

 

Grinding is given with a wave of the following formulas. 
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If 0  , then the mesh will be crushed only near y h  whereas if 1/ 2   , then the mesh will be 

crushed both near 0y   and near y h  . Roberts showed [2, 13] that the stretching parameter   is 

approximately related to the dimensionless thickness of the boundary layer / h  as follows: 

 
1/2

1 / , 0 / 1.h h  


     

где h  — размер сетки в направлении y . Число сетки для первый случи использовано, 

1000 100  а для второй случи 100 100 . 

4.  Calculation results and their discussion 

This work pursued two main goals. The first consisted in testing a numerical technique for 

integrating two-dimensional unsteady Navier-Stokes equations in velocity-pressure variables using a 

well-known finite-difference scheme. The second is to study the influence of the calculated grid on 

the results of the study. 
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Fig. 3 shows the results of the longitudinal velocity using two types of channel. Reynolds number 

Re 36000 . 

  

а)                                      b) 

Fig. 3. Longitudinal velocity using two types of channel a) long channel, b) short channel. 

Uref  - this is the reference velocity in the central channel used for dimensionless determination of 

velocity profiles and turbulent shear stress [14]. 

As can be seen from Fig. 3-a to get a turbulent profile in a long pipe, a longer channel is needed, and 

in a short Fig. 3-b channel, the velocity profile shows the same result at the inlet and outlet of the 

channel. It can be seen from the figure that to obtain a turbulent flow profile, you do not need to 

spend a lot of time calculating for a long channel, but instead you can use the copy condition by 

Lund et al. [2] as mentioned above. 

Fig. 4 shows the results of longitudinal velocity and turbulent shear stress using different schemes 

and different stretching of the grid. Reynolds number Re 288000 . 

  

а)                                      b) 
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с)                                    d) 

Fig. 4. Results of longitudinal velocity (a-b) and turbulent shear stress (c-d) using different 

schemes, the scheme against the flow (a-c), the McCormack scheme (b-d) in different 

stretching of the grid. 

From Fig. 4. It can be seen when using the scheme against the flow of the longitudinal velocity, two 

humps appear Fig. 4 (a) and there is no such effect on the McCormack scheme [15]. 

Now we compare the numerical results of the McCormack scheme with the experimental data of 

Fig.5. Reynolds number Re 288000 . 

  

                                     а)                                     b) 

Fig. 5. Comparison of the numerical results of the McCormack scheme with experimental data 

Numerical studies have shown that the McCormack scheme gives more closely results in 

experimental data. 

5.   Conclusions 

This article shows ways to obtain turbulent flow motion for long and short pipes. Obtaining a profile 

of turbulent motion in a long pipe requires a long calculation. The profile of turbulent motion is 

conveniently obtained using the method proposed by Splat and Lund.. When numerically solving the 

Navier-Stokes equation, the McCormack scheme showed good results with experiment. 
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