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Abstract

This paper deals with the numerical solution of the turbulent flow over a built-up area. Currently, our
model consists of one simple house in two dimensions. The mathematical model is described by the
RANS (Reynolds Averaged Navier Stokes) system of equations. The numerical approximation is based
on the FVM (Finite Volume Method) with the AUSM (Advection Upstream Splitting Method) scheme
and the PLR (Piecewise Linear Reconstruction) limited by the Barth-Jespersen limiter. The turbulence
was modelled by k-w TNT two—equation turbulence model. Our numerical result was compared with the
experiment carried out by ARTI in their BLWT (Boundary Layer Wind Tunel).

1 Mathematical model

To model the incompressible viscous turbulent flow over a complex geometry in 2D, the system
of the RANS equations completed by a proper turbulence model was used. In this case, the k-w
TNT model is considered. Using the method of the artificial compressibility, we start with the two
dimensional system

I'W,+ F, + Gy =v(Ry + Sy)

where v = vy; +vrp, v is a molecular viscosity, vr is the turbulent viscosity, W = (p,u,v)T is the
vector of conservative variables, I' = diag(1/3%,1,1) is the diagonal matrix, F and G are vectors
of convective fluxes and R, S are viscous fluxes, i.e.

F: (u’u2+p7uv)T7 R: (O3ux’v$)T’

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

2 Turbulent model

To model the turbulence we use the two equation k-w TNT model. This model is based on two
transport equations for & (turbulence kinetic energy) and for w (specific dissipation rate)which are
coupled with the RANS system of equations.
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To complete the system the Boussinesq hypothesis is used

R _
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where 71 are the so called Reynolds stresses and S;; are the rate of deformation tensor. For more

details see e.g. [2].



3 Numerical method

The mumerical method is based on the finite volume cell centered scheme. The convective fluxes
were discretized by the AUSM method and the viscous fluxes by the central way on the dual
mesh. The incurred system of ODR equations was solved by the second order TVD Runge-Kutta
method.
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where At is the time step, |€;] is the area of control volume §;, Al;; is the length of the face
common to the i and j*" control volumes, n;; denotes the outer unit normal vector to the face,
ITZ‘.‘}USM stands for the AUSM flux and foji 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

1
- T T
w = wL+¢<5L'VwL+25L'H'5L> M.IL—W\ Wa "
1 Y Lﬁz °
WR = WR—¢(5£'VUJR+25£'H'5R> Qi
Q; -

where H is the Hesian. The symbol 3 denotes a suitable limiter. In our computation the Barth-
Jespersen limiter was used, see [3].

4 Validation of the code

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

kinetic viscosity used in this case is vy = 3.5 - 10~7. Results are shown in Figures (1)—(4).
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Fig 2: The distribution of a friction coeficient in
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Fig 3: The stream-wise velocity component u (up) i
and the distribution of the turbulent Reynolds Fig 4: The conparnson of the computed turbulent
number (below) profile (green) with the theoretical provfile (red,
blue)

5 Modeling of turbulent flow in a built-up area

The goal of this work was to obtain numerical results that could be compared with the experimental
data measured by the ARTI [4]. In our test case the turbulent flow around a house is numericaly
simulated. The experiment was carried out in a tunnel for simulation of the turbulent boundary
layer (BLWT). Several measurements for flows over different geometries were undertaken, namely
flow over the double pitched roof and the flat roof.

Numerical simulation was carried only for the flat roof. The structured quadrilateral multiblocked
grid was used. The mesh Fig.(9) consists of three blocks and it’s exponencilly refined close to the
building and ground. On the inlet the power law was prescribed with o = 0.16 and v = 10 at
the level of the roof of the house. Figures (5)—(6) depicts velocity field of mean velocity obtained
by the PIV method and pressure distribution on the front face of measured object. The results
obtained by the numerical simulation are shown in the Fig. (7) and Fig. (8). From this, we can
see good agreament between numerical and experimental data.
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Fig 6: PIV measurement - the velocity flow field

Fig 5: The comparison of the computed and
close to the building

measured presure distribution on the front face of
building.



Fig 7: The computed pressure distribution close to
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the building Fig 8: The streamtraces and the absolute velocity s

Fig 9: The computational grid

Conclusion

A numerical method for solution of 2D turbulent incompressible flow described by Navier-Stokes
equations completed by two equations of k and w was developed. Obtained numerical results corre-
spond with theoretical and experimental data.
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