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Introduction

This contribution presents a study of turbulent flow over a simple building. We considered

a building with a flat roof and a building with a double pitched roof. The main goal was to

compare our numerical results computed at the Department of Technical Mathematics with

experimental data measured in a wind tunnel at ARTI.

Mathematical and numerical method

To model incompressible viscous turbulent flow over a complex geometry in 2D, the system of

RANS equations completed by the k − ω TNT model was considered. Using the method of

artificial compressibility, we start with the two dimensional system

ΓWt + Fx +Gy = ν(Rx + Sy),

where ν = νM + νT , νM and νT denotes molecular and turbulent viscosity, respectively. W =
(p, u, v)T is the vector of unknowns, Γ = diag(1/β2, 1, 1) is a diagonal matrix, F and G are

two-dimensional flux vectors and R,S are viscous fluxes, i.e.

F = (u, u2 + p, uv)T , R = (0, ux, vx)
T ,

G = (v, uv, v2 + p)T , S = (0, uy, vy)
T .

The k−ω TNT model is based on two transport equations for k (turbulence kinetic energy) and

ω (specific dissipation rate) which are coupled with the RANS equations.
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To complete the system the Boussinesq hypothesis is used:

τR
ji = −2νTSij,

where τR
ji are the so called Reynolds stresses and Sij are the rate of deformation tensor. For

more details see e.g. [2].
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Numerical discretization has been done by the finite volume method with piecewise linear

reconstruction (PLR) limited by Barth–Jespersen limiter and the AUSM scheme used for nu-

merical fluxes. The viscous fluxes have been discretised in central way on a dual mesh. The

incurred system of ODR equations have been solved by the second order TVD Runge-Kutta

method.
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where ∆t is the time step, |Ωi| is the area of control volume Ωi, ∆lij is the length of the face

common to the ith and jth control volumes, nij denotes the outer unit normal vector to the face,

F
AUSM
ij stands for the AUSM flux and F

vi
ij for the viscous flux through the face, see [1]. In order

to increase the accuracy of the scheme, the PLR is used in the following form
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where H is the Hesian. The symbol ψ denotes a suitable limiter. In our computation the Barth-

Jespersen limiter was used, see [3].

Validation of the applied code

A test case involving turbulent flow around a flat board [3] has been used to validate the code.

The value of kinetic viscosity in this case was νM = 3.5 · 10−7. The velocity on the inlet

boundary was set to u=0.2. Figure 1 schematically illustrates the computational domain. The

following figure 2 shows the behaviour of friction coefficient Cf with clearly visible transition

from laminar to turbulent regime.
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Figure 1: Geometry of the area
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Figure 2: The distribution of a friction coefficient

in log scale
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Figure 3: The stream-wise velocity component u

(up) and the distribution of the turbulent Reynolds

number (below)

Figure 4: The comparison of the computed

turbulent profile (green) with the theoretical profile

(red, blue)

In figure 3 one can see the flowfied of turbulent Reynolds number and velocity u. The last fig-

ure shows the comparison of analytically and numerically obtained velocity distribution through

turbulent boundary layer, where good agreement between experimental and numerical data can

be observed.

Figure 5: PIV measurement–velocity flow

field close to the double piched building

Figure 6: PIV measurement–velocity flow

field close to the flat building
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Numerical and experimental results

The main goal of this work was to obtain numerical results and to compare them with the exper-

imental data measured by the ARTI. The experiment was carried out in a tunnel for simulation

of the turbulent boundary layer (BLWT). Several measurements for flows over different geome-

tries were undertaken, namely flow over the double pitched roof and the flat roof.

Nowadays we have done numerical simulation over the flat roof building. The streamlines

and the absolute velocity obtained by numerical simulation are shown in figure 8.
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Figure 7: The comparison of the computed

and measured presure distribution on the front

face of building
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Figure 8: The flat roof building - the

streamtraces and the absolute velocity s

Conclusion

In figure 7, a comparison of the pressure coefficients obtained by numerical and experimental

methods are in good agreement and so we can say that the used numerical schema is proper for

this type of tasks. However, distorted mesh and complex phenomena arising near the building

influence negatively convergence of the method, therefore it was necessary to decrease the CFL

coefficient to 0.1.
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