
Computation of 2D Strati�ed Flows in Atmospheri Boundary LayerJ. �imonek1,2, M. Tauer1, K. Kozel1,2, Z. Ja¬our21 Faulty of Mehanial Engineering - Czeh Tehnial University(Department of Tehnial Mathematis)2 Institute of Thermomehanis - Aademy of Sienes of the Czeh RepubliThe work deals with the numerial solution of the 2D turbulent strati�ed �ows in atmospheriboundary layer over the �sinus hills�. Mathematial model for the 2D turbulent strati�ed �ows inatmospheri boundary layer is the Boussinesq model - Reynolds averaged Navier-Stokes equations(RANS) for inompressible turbulent �ows with addition of the equation of density hange. Thearti�ial ompressibility method and the �nite volume method have been used in all omputedases and Lax-Wendro� sheme (MaCormak form) has been used together with the Cebei-Smith algebrai turbulene model. Computations have been performed with Reynold's numbers
108

≈ u∞ = 1.5 m
s

and 5 · 108
≈ u∞ = 7.5 m

s
and for eah Reynolds number with two densityhange ranges ρ ∈ [1.2; 1.1] kg

m3 and ρ ∈ [1.2; 0.9] kg
m3 .Mathematial modelReynolds Averaged Navier-Stokes equations for 2D inompressible �ows with addition of the equa-tion of density hange (Boussinesq model) have been used as a mathematial model:

ux + vy = 0

ut + (u2 + p)x + (u · v)y = (ν + νT ) · (uxx + uyy)

vt + (u · v)x + (v2 + p)y = (ν + νT ) · (vxx + vyy) −
ρ

ρ0

g

ρt + u · ρx + v · ρy = 0,where (u, v) is a veloity vetor, p = P
ρ0

(P - stati pressure), ρ - density (ρ0 - initial maximaldensity in the bottom of the omputational domain, ρh- initial minimal density on the top ofthe omputational domain), ν - laminar kinemati visosity, νT - turbulent kinemati visosityomputed by the Cebei-Smith algebrai turbulene model and g - gravity aeleration. Densityand pressure are hanging depending on height (y-axis) as follows:
ρ∞(y) = −

ρ0 − ρh

h
· y + ρ0,

∂p∞

∂y
= −

ρ∞(y)

ρ0

· gBoundary onditionsInlet boundary onditions: u = u∞ = 1.0, v = v∞ = 0, ρ = ρ∞(y)Outlet boundary onditions: p′ = 0 and (u, v) and density ρ have been extrapolated.Boundary onditions on the wall: u = 0, v = 0, pressure perturbations and density have beenextrapolated on the wall.Boundary onditions on the upper domain boundary: p′ = 0, ∂u
∂n

= 0, ∂v
∂n

= 0, ρ = ρhNumerial solutionThe arti�ial ompressibility method and the �nite volume method have been used in all omputedases and Lax-Wendro� sheme (MaCormak form) has been used together with the Cebei-Smith algebrai turbulene model. All omputations have been performed using pressure distur-banes p′ = p − p∞ instead of omputing with pressure.



Figure 1: Sinus 10% - Sinus 15%, Contours of pressure perturbations [pa℄, ρ ∈ [1.2; 1.1] kg
m3 ,

Re = 5 · 108
≈ u∞ = 7.5 m

s

Figure 2: Sin 10% - Sinus 15%, Contours of veloity magnitude [m
s
℄, ρ ∈ [1.2; 1.1] kg

m3 , Re =
5 · 108

≈ u∞ = 7.5 m
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