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Abstract

The paper presents the results of experimental study and
numerical simulation of external air flow around the
cylindrical body with the diameter of 8 mm, placed on the
way of free submerged jet of air. The cylinder which has
simple geometry form was used due to the need to achieve
the generality of the outcomes. Also it was used due to the
complexity of experimental measurements for objects
which have larger dimensions and more complex shapes.
Testing of various turbulence models was performed. The
obtained data was compared with the experimental
measurements. Parameters of the numerical model which
makes it possible to minimize the divergence of the
numerical computations were derived.

Information on finished designing projects in which the
results of the present research were used is presented in the
final part of the paper.

Introduction

Wind loads on high-rise buildings are referred to the basic
load group. Most design works considerably deal with
aerodynamic analysis. Expert assessment of the standard
values of wind pressures for buildings higher than 200
meters (corresponding to wind region VI, Russia) shows
that the wind pressure can be more dangerous to the overall
strength than the nine-point earthquake. According to
active codes of practice [4, 6, 15], since aerodynamic issues
do not sufficiently reflect wind effects on high buildings
one has to apply experimental and numerical methods
which include: monitoring and field measurements, wind
tunnel tests and numerical simulation.

Civil Engineering Institute of Ural Federal University
named after the first President of Russia B.N. Yeltsin
steadily deals with design and deformation monitoring of a
number of high-rise buildings in Ekaterinburg (Figs. 1, 2, 3,
4, 5), [2, 3]. Both wind pressure calculation and blow-
through in wind tunnels of the building models were
performed. Numerical and experimental data convergence
was found to be satisfactory (within 10-30%).
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Computational Model

Numerical simulation is performed using finite element
method applied in the software package ANSYS. The
computational model is the numerical analogue of wind
tunnel. The high-rise buildings and surrounding objects are
placed in the domain, whose sizes are selected so that air
flow on its boundaries is not affected by the buildings
placed in it. The example of such domain is shown in
Fig.5. A simulated high-rise building is on the left; the
domain with the building proper and surrounding objects in
it is on the right.

Figure 5

The size of the computational domain in vertical, lateral
and longitudinal flow directions is conditioned by the
simulated site development and boundary conditions. In the
experience of testing in wind tunnels the building height H
is assumed to affect up to a distance of 10 H. This height
can be recommended to be an essential requirement to the
model. According to test calculations made by the Institute
of Architecture AlJ, Japan [1], the size of the
computational domain in the vertical flow direction for an
isolated building should be not less than 5H.



Discussion

Analysis of wind pressure calculations proves the problem
of data accuracy to be unsolved. Paper [16] shows that one
fails to consider the essential parameters like scale factor,
rigidity parameter, etc. while testing high-rise building
models in wind tunnels. In addition, the agreement between
experimental data and actual pressure values remains vague
in computational analysis.

Diverse semi-empirical turbulence models are currently
developed [8, 17]. Meanwhile each model is acceptable
only in a limited number of simulation cases. This resulted
from significant differences in turbulence internal structure
arising from varied fluid flow conditions. A unified
turbulence model valid for all feasible simulation cases has
not been developed yet. Two parameter semi-empirical
turbulence models (k-g, k-o etc.) are mainly practiced [17].
The given models enable relatively simple flows (e.g. fluid
flow in a pipeline) to be predicted with an adequate
accuracy but in the simulation of more complicated cases
they provide qualitatively and quantitatively inadequate
results [10].

For outward fluid flow near-wall boundary layers are
essential as Reynolds numbers change in a wide range and
partial flow laminarization may arise there. For example, in
the flow past a cylindrical body one can observe several
fluid flow conditions: the boundary cylinder layer is
laminar when Reynolds numbers are less than a critical
number (Re<Re). Separation of laminar boundary layer
occurs in the frontal side of a cylinder with separation angle
¢ = 82 ° [14]. Thus, proper mathematical formulation of
fluid laminarization effects in near-wall layers is of great
importance. To this end, authors [17] designed and
proposed the transition turbulence model to be applied in
the case of significant Reynolds number decreasing. The
application of the suggested model along with the model of
turbulence SST allows to predict more accurately fluid
behavior in a boundary layer in various fluid conditions
both subcritical and supercritical.

Numerical simulation and experimental determination of
wind velocities when flowing past a cylindrical body were
carried out in order to estimate the accuracy of resulting
values. The research task was testing and verification with
respect to experimental measuring results of varied semi-
empirical turbulence models in the case of outward flow
past a cylindrical body placed in the passage of a freely
submerged air stream.

Experimental Unit

Most researchers are known to devote their work to this
problem [13-15]. The following scheme of an experimental
unit was chosen on the basis of their research results (Fig.
6).

Figure 6

Wind from nozzle 1 flows over a round cylinder 2. Prandtl
tube 3 fixed on the measuring plane is placed at a distance
of 88 mm from the cylinder centre 2. Measurements are
done with coordinate spacer changing its position on the
horizontal axis “Y” every 5 mm and vertical axis “Z”
every 10 mm respectively. Fig. 7 shows axis designation

adopted in the paper.
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Figure 7
Computer Model of a Cylinder

Tetrahedral finite element mesh was used. Calculations
were done for several mesh options with varied finite
element dimensions (Fig. 8). The options of mesh
parameters are listed in Table 1. Figure 9 shows the
computational domain.
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Mesh parameters

Cell Numb | Bounda | Enlar
Opt | dimensions of er of ry layer | geme

ions | the mesh, mm | bound | thicknes nt
Cylin | Dom I ary s, mm | factor

- ayers
der ain

1 1 5 10 0.1 1.2

2 0.5 2 10 0.1 1.2

3 0.1 2 10 0.1 1.2

4 0.3 3 5 0.1 1.2

Table 1. The options of the finite element mesh.
The main model SST ratios [9] are given below.

The equation for turbulent kinetic energy k and turbulence
frequency o:
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where p — density; y — the distance to the surface; Uj -
flow velocity.
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The positive part of transverse diffusion terms is calculated
according to:

CD,, = max| 2p0, , L K 0@ qq0 | (1)
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Turbulence viscosity is calculated by the equation:
o= min piklﬂ (12)
o SF,

with constant @,= 0.31 and blending function.

F, = tanh(arg?) (13)
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Blending functions F, and F, are given so that to define

whether the point in question is inside or outside the
surface boundary layer.

Consequently, functions F1 and F2 possess the following
limit values:

F, =0, off the surface = K —& model
F, =1, inside the boundary layer at surfaces
= Kk — w model

F, =0 = combination k—gand =k — @

F, =1 = SST model

Results

Numerical analysis results show that option 4 (Table 1) is
found to be optimal. Figure 10 shows the comparison of
experimental data of wind velocities for four turbulence
models.
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Figure 10

Thus, the results being in agreement with experimental data
can be obtained by means of the model STT.

The results of numerical investigation of a cylinder model
are applied in the computation of wind pressures upon
high-rise buildings (Figs. 1-5). The computational results
were compared with those of the blow-through in wind
tunnels. Based on the comparison of these results, the
convergence of wind pressures obtained numerically as
well as experimentally proves to be satisfactory. Maximum
computational wind pressures are close in the range of 10-
25%, though pressure distribution-height graphs may
slightly differ.

A 52-storied building “Iset Tower”, Ekaterinburg (Fig.1)
was taken for the calculation of wind loads. The height of
the building is 209 m. It consists of two main blocks: the
residential part (52 above-ground stories) and the
underground part with parking and technical facilities. The
cross-section of circular superstructure is shown in Fig.11.
The surface of the circular part of the building is ribbed, the
rib height being 700 mm.

Figure 11



The blow-through in the wind tunnel of the building was
performed by the company «WACKER INGENIEURE>,
Germany. Since the scale of the model was small - 1/380, it
necessitated specification of wind pressure distribution on
the surfaces of the building and its impact on the
framework.

Finite element mesh with tetrahedral cells and prisms in the
wall regions (“Wall” — like boundary conditions) were
employed. The finite element size near the boundaries of
the domain is 100 m, near the surface of the building is 0.5
m. Figure 12 shows the finite element mesh near the
surface of the building.

Figure 12

The characteristic form of wind pressure distribution along
the building is shown in Fig. 13; the pattern of distribution
of velocities at a height of 58.5 m is in Fig. 14. The
convergence of computational and experimental results is
found to be satisfactory.

Figure 13
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Figure 14
Conclusions

Numerical analysis of wind pressure on high-rise buildings
reveals the following:

. The results of numerical analysis and experimental
wind determination are qualitatively similar.

. The difference of computational and experimental
values is mainly due to varied comutational models

of buildings used in natural oscillination frequency
tests. Maximum wind loads obtained numerically are
in good agreement with those obtained
experimentally.

From the research results one can conclude that in the
design of high-rise and unique buildings both aerodynamic
experiments and numerical analysis are required.
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