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Abstract: In the article, the calculation of flow interruption in the zone of sudden 

expansion of a two-dimensional channel was carried out. Various flow 

characteristics were calculated at different Reynolds numbers. Calculations were 

carried out for laminar flow and based on the numerical solution of the unsteady 

Navier-Stokes equation. Velocity results at different points of the channel and the 

length of the piles were studied with the change of Reynolds number after the sudden 

expansion of the channel, and the velocity and pressure were studied. The 

relationship between was determined using the SIMPLE method. Various schemes 

were used to solve this problem numerically. To check the correctness of the results, 

comparisons with experiments were carried out. 

Key words: Navier-Stokes equations, separated flow, laminar flow, SIMPLE 
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1. Introduction 

Up to now, modern computers allow studying complex flows by numerically solving 

more complex problems of hydrodynamics. Such studies are of high importance in 

the design of various aerodynamic or hydrodynamic devices. The most widely used 

of such devices in technological processes are diffusers. It is known from 

observations that flow interruptions may occur in the diffuser. This phenomenon 

depends on the geometry of the device and several parameters of the flow. Therefore, 

it is important to know exactly where the flow separation occurs. Flow interruption 

is of great theoretical and practical importance. Another example of separated flows 

is a suddenly widened channel flow. As an example of such a flow, we can take the 

movement of an incompressible viscous fluid in a straight channel with a backward 

facing step. For the first time, the calculation of stationary two-dimensional laminar 

separated flows of an incompressible fluid in a straight channel was carried out by 
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Blasius [1]. He obtained an analytical solution in the form of a series in 1910 

Theoretical and experimental results for laminar[2-4] and turbulent motion[5-8] of 

compressible and incompressible fluid were studied using finite difference schemes 

for solving Navier-Stokes equations.  

Until now, three approaches are mainly used for mathematical modeling of 

turbulence flows. In the first approach, the turbulent flow is modeled directly using 

the Navier-Stokes equations. This approach is called Direct Numerical Simulation 

(DNS) [9,10]. This Navier-Stokes equation is sufficient to describe the turbulent 

flow. The second numerical method of large-scale modeling is the large-eddy 

simulation (LES). The LES method is used to calculate flows at significantly higher 

Reynolds numbers than the DNS method. However, when using the LES[11] method 

to calculate the near wall, the flows require the use of grids that are similar in their 

properties to the grids of the DNS method. A third approach to turbulent flow is 

RANS models, which are closed-loop Reynolds Averaged Navier-Stokes equations. 

In these models, the system of equations is closed based on various assumptions. 

Therefore, they are semi-empirical [12]. Currently, there are more than 100 different 

semi-empirical RANS turbulence models. Based on the results of the analysis, we 

can conclude that Spalart-Allmaras and Menter SST models have the highest 

accuracy. These models are widely used because they describe many practical 

turbulence problems with high accuracy. However, for certain problems, such as 

flow around bodies of high curvature and flows with strong circulation, these models 

may give results that do not meet state-of-the-art requirements.  

Purpose of work — It consists in comparing the numerical results with the 

experimental data of the place where the flow separation of the liquid in a straight 

channel with a sudden one-sided widening channel occurs. 

Physical and mathematical formulation of the problem. 

Laminar flow in a suddenly widened and flat two-dimensional channel was 

considered. The physical-mathematical representation of the analyzed laminar flow 

and its geometry are presented in Figure 1. The smaller channel at the left inlet has 

a width of h=1m, while the channel at the right outlet has a size H=2h twice the size 

of the channel inlet. In a smaller channel, a parabolic Poiseuille flow profile was 

defined for longitudinal velocity-U, transverse velocity-V and pressure-p. Unsteady 

Navier-Stokes equations for incompressible medium were used to describe the 

movement of fluid. 
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1-rasm. When introducing 

dimensionless quantities, the length 

scale is assumed to be the width of 

the large channel -H. The average 

flow velocity at the inlet is taken as 

the velocity scale -  x1 - the distance 

from the channel barrier to reattachment of the primary aggregate formed by 

detachment.Xab - the length of the secondary vortex formed after the step in the 

upper part of the channel. x2- distance to the head of the secondary vortex x3 the 

distance to the end of the secondary vortex. The non-stationary Navier-Stokes 

equations and the continuity equation with constant  density in Cartesian coordinates 

have the following form [14]: 
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Here   – dimensionless longitudinal and transversely components of the laminar flow 

velocity vector, respectively, p – dimensionless hydrostatic pressure, Re- Reynolds 

number.  

MacCormack scheme 

McCormack's scheme is widely used in computational fluid dynamics. This second-

order-accurate finite-difference scheme was developed by Robert W. McCormack 

in 1969 [15]. This scheme has two stages and looks like thisПредиктор 
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 This scheme has second-order accuracy in time and 

space, therefore, the approximation error ( ) ( ) ( )( )2 2 2
, ,O t x y   . It has a stability 

condition max max 1
U t V t

x y

  
+  
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Initially (predictor) the estimate is found 1n

i

+  magnitude and on - m time step, 

nd then (corrector) the final value is determined 1n

i

+  on - m time step. Note that 

in the predictor it is approximated by forward differences, and in the corrector - by 

backward differences.  

 

Calculation results and their discussion. 
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i
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Figure 2 shows graphs comparing numerical results with experimental data using 

different methods. [16]. 

 

 

 
 

Conclusion 

The McCormack (MC) scheme was used for the numerical calculation of the one-

way widened channel, and the SIMPLE method was used for this scheme. As a result 

of a detailed numerical study of the flow velocity fields, the formation laws of the 

swirling flow structure in a flat channel, including secondary vortex formations and 
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unsteady separated flow regimes, are shown. In conclusion, it should be noted that 

calculation schemes for separated flows can give different results. 
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