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Abstract

The article describes air flow turbulent attributes in the enclosed chamber of a rectangular
cross-section contraction for the purpose of confirming its optimal shape. The task is solved
numerically using Ansys Fluent software. Right models were selected based on the evaluated results
at a contraction's outlet which were compared to the physics experiment.
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1 INTRODUCTION

The crucial characteristics of a wind tunnel are the flow quality inside the test chamber and
the overall performance. Three main criteria that are commonly used to define them are: maximal
achievable velocity, flow uniformity and the minimum turbulence level. Therefore, in general,
the aim of the contraction design is to get a controlled flow in the test chamber, achieving necessary
flow performance and quality parameters [1, 2, 3 and 4].

The aim of this paper is the characterization of a flow field inside the contraction chamber
in order to meet required criteria and the confirmation of the optimal contraction shape. The task has
been solved at FAST VSB — TU using Ansys Fluent software in collaboration with the experimental
research CET in Tel¢. Input parameters values are set in accordance with the requirements
of the aerodynamic tunnel department under the earlier mutual collaboration [5].

2 PHYSICAL EXPERIMENT

The physical modelling was carried out in the climatic wind tunnel laboratory in the “Centrum
Excelence Tel¢” (CET) of the Institute of Theoretical and Applied Mechanics of the Academy
of Science of the Czech Republic. The main feature of the planned contraction of the Wind Tunnel
CET will be a variable open-jet test section for a full-scale and model-small-scale testing with
a cross-sectional area according to Fig. 1. Respective scan points are 20 mm away from one another
both in horizontal and vertical direction. The variation in size is achieved by a rectangular contraction
with two interchangeable outlet sections resulting in overall contraction ratios of 2.02 and test section
velocities from 3 to 55 m/s. The main design criteria for the contraction shapes were the avoidance
of re-laminarization and boundary layer separation as well as the velocity nonuniformity in the cross-
sectional outlet area lower than 0.3%. A short contraction length is just as important a requirement.
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The results were evaluated at a distance of 0.36 m downwind of the contraction outlet.
Velocity distribution of the within monitored cross-section is defined by a non-dimensional speed
coefficient given by the ratio of the actual velocity to reference velocity.
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Fig. 1: Contraction diagram [mm] Fig. 2: Grid for numeric computation

3 NUMERICAL MODELLING

Suitable numerical models to characterize the flow field in the enclosed contraction chamber
were chosen on the basis of experimental results at the contraction outlet from the turbulence velocity
and intensity distribution’s point of view [6]. These were examined, evaluated and compared with
the physical experiment. Namely it is RSM model, which solves turbulences using anisotropically
direct computation/calculation of Reynolds stress. In terms of RANS models based on modelling
isotropic turbulence, it‘s Realizable k-¢ a SST k-®. models that demonstrated a satisfying result.
The tested numerical models can be subsequently used also for other task types [7; 8; 9].

The computational dimension is 4.9 m long. This encompasses an inlet chamber (0.5 m),
anozzle (1.4 m), and a 3 meter long contraction downwind area (test section), as shown in Fig. 2.
The computational grid uses 9-10° hex cells. There is a distinct concentration in the vicinity
of the contact of both contraction outlet areas for better data transmission at the boundary line.
The steady rise of cell sizes that are farther away from the boundary of the contraction for the purpose
of the correct computation at the wall is an important influence.

Consistent types of boundary conditions were set for all computations at the inlet - it is a so-called
inlet, and at the outlet velocity - it is a pressure-outlet condition. The boundary conditions on all
the sides and lower and top areas of the computational area were defined by wall so,
that they correspond to the circumscribed space [10].

The models used make it possible to solve the task in a stationary way, but due to the wrong
convergence, the computations had to be done in a non-stationary way. For the RSM model the time
step was set to 1107 seconds and 5.1-10° iterations took place.
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Fig. 3: Velocity field in a vertical longitudinal section in the contraction
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4 RESULTS

The velocity field of the outlet flow rate are evident in Fig. 3. Distributions velocity fields
of the downwind area of a nozzle (distance is 0.36 m), which are obtained by wind tunnel tests, and
numerical computations are shown in Fig. 4.
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Fig. 4: Velocity coefficient isoline 0.36 m after contraction

Graphs in Fig. 5 and Fig. 6 describe the development of the velocity and intensity alongside
the longitudinal axis of the observed area.
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Fig. 5: The velocity development
alongside the longitudinal axis
of the observed area

Fig. 6: The intensity development alongside
the longitudinal axis of the observed area

The velocity profile in the three indicated cross sections is shown in Fig. 7. The turbulence
intensity distribution of the contraction flow rate is evident in Fig. 8.
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Fig. 7: Cross-section velocity fields in the contraction
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Fig. 8: Turbulence intensity in a vertical longitudinal section in the contraction
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In Fig. 9 there are turbulence intensity isolines in cross sections at the distance of 0.36 m after
the contraction outlet determined by the physical experiment and numerical modelling.
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Fig. 9: Turbulence intensity isoline 0.36 m after contraction from numerical modelling [%]

4 CONCLUSIONS

The desired acceleration of a flow field was confirmed by both the mentioned-above
calculations and experiment. The numerical models describe a field velocity profile with very
satisfactory results. There are almost identical flow field profiles of all the models in the observed
area of the contraction and almost twice as high outlet velocity compared with input parameters is
evident. The results have also shown a slight increase of velocity near the peripheral walls
of the contraction (Fig. 3 and Fig .4). The flow field pattern is intact or unaltered within the distance
of 0.4 m from the area entry; the first acceleration near the walls became evident in 0.5 m. Near
the contraction outlet (1.36 m), the acceleration of velocity by the walls is evident, approx. 18 %.
The velocity values of the whole computation area are identical regardless of the computing method
used; the slight distinction becomes apparent 1.5 m after the contraction outlet (Fig. 5). The demand
of the turbulence intensity reduction was confirmed during its problematic description (Fig. 8 and
Fig. 9). The differences of turbulence values were, nevertheless, found at the contraction outlet and
especially alongside the longitudinal axis of the observed area (Fig. 6). More thorough investigations
of the turbulence intensity along with a planned physical measurement of a flow field inside
the contraction in yet a greater distance behind the nozzle outlet are going to be a topic of the follow-
up research, on the basis of which it will be possible to determine an optimal model which is to serve
to a more detailed characterization of the modelled process and an optimal contraction shape in terms
of as homogeneous a velocity field as possible as well as the acquisition of a minimal outlet
turbulence, especially in an anticipated spot of the model.
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