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The work deals with the numerical solution of the 2D turbulent stratified flows in atmospheric
boundary layer over the “sinus hills”. Mathematical model for the 2D turbulent stratified flows in
atmospheric boundary layer is the Boussinesq model - Reynolds averaged Navier-Stokes equations
(RANS) for incompressible turbulent flows with addition of the equation of density change. The
artificial compressibility method and the finite volume method have been used in all computed
cases and Lax-Wendroff scheme (MacCormack form) has been used together with the Cebecci-
Smith algebraic turbulence model. Computations have been performed with Reynold’s numbers
10° & o = 1.52 and 5 10° &= us = 7.52 and for each Reynolds number with two density
change ranges p € [1.2; 1.1] 24 and p € [1.2; 0.9] 2%
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Mathematical model

Reynolds Averaged Navier-Stokes equations for 2D incompressible flows with addition of the equa-
tion of density change (Boussinesq model) have been used as a mathematical model:
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where (u, v) is a velocity vector, p = ﬂo (P- static pressure), p - density (po - initial maximal

density in the bottom of the computational domain, pp- initial minimal density on the top of
the computational domain), v - laminar kinematic viscosity, vr - turbulent kinematic viscosity
computed by the Cebecci-Smith algebraic turbulence model and g - gravity acceleration. Density
and pressure are changing depending on height (y-axis) as follows:
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Boundary conditions

Inlet boundary conditions: u = e = 1.0, v = Voo = 0, p = poo(¥y)

Outlet boundary conditions: p’ = 0 and (u, v) and density p have been extrapolated.

Boundary conditions on the wall: v = 0, v = 0, pressure perturbations and density have been
extrapolated on the wall.

Boundary conditions on the upper domain boundary: p’ = 0, g—z =0, g—:’l =0,p=pn

Numerical solution

The artificial compressibility method and the finite volume method have been used in all computed
cases and Lax-Wendroff scheme (MacCormack form) has been used together with the Cebecci-
Smith algebraic turbulence model. All computations have been performed using pressure distur-
bances p’ = p — po instead of computing with pressure.
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Figure 1: Sinus 10% - Sinus 15%, Contours of pressure perturbations [pal, p € [1.2; 1.1] %,
Re=5-108zuoo:7.5%
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Figure 2: Sin 10% - Sinus 15%, Contours of velocity magnitude [Z], p € [1.2; 1.1] %, Re =

5108 & e = 7.5 1

Acknowledgment

This work was partially supported by Research Plan MSM 6840070010 and MSM 6840770003 and
grant GA CR no. 201/08/0012 and grant GA CR no. 103/09/0977.

References

[1] Dvorak R., Kozel K.: Mathematical modeling in aerodynamics, CTU, Prague 1996, (in Czech)

[2] Feistauer M., Felcman J., Stragkraba I.: Mathematical and computational methods for com-
pressible flow, Clarendon Press, Oxford 2003

[3] Hirsh C.: Numerical computation of internal and external flows I. and II., John Willey and
Sons, New York 1991

[4] Fletcher C. A. J.: Computational techniques for fluid dynamics I. and II., Springer Verlag,
Berlin 1996

[5] Simonek J., Kozel K., Trefilik J.: Numerical solution of inviscid and viscous flow with applica-
tion, Topical problems of fluid mechanics 2007, Prague 2007

[6] Simonek J., Kozel K., Fraunié¢ Ph., Jatiour Z.: Numerical Solution of 2D Stratified Flows in
Atmospheric Boundary Layer, Topical problems of fluid mechanics 2008, Prague 2008

[7] Simonek J., Tauer M., Kozel K., Jaiiour Z., P¥ithoda J.: Numerical Solution of 2D Stratified
Flows in Atmospheric Boundary Layer, Colloquium 2008, Prague 2008

[8] Uchida T., Ohya Y.: Numerical study of stably stratified flows over a two dimensional hill in
a channel of finite depth, Fluid dynamics research 29/2001 (p. 227 - 250)



