
TVE 11 038 December

Examensarbete 15 hp
Januari 2012

CFD Simulations of the New University 
of Sydney Boundary Layer Wind 
Tunnel 

Alexander Bertholds

Institutionen för teknikvetenskaper
Department of Engineering Sciences



 

 
 
Teknisk- naturvetenskaplig fakultet 
UTH-enheten 
 
Besöksadress: 
Ångströmlaboratoriet 
Lägerhyddsvägen 1 
Hus 4, Plan 0 
 
Postadress: 
Box 536 
751 21 Uppsala 
 
Telefon: 
018 – 471 30 03 
 
Telefax: 
018 – 471 30 00 
 
Hemsida: 
http://www.teknat.uu.se/student 

Abstract

CFD Simulations of the New University of Sydney
Boundary Layer Wind Tunnel

Alexander Bertholds

Using Computational Fluid Dynamics Simulations, the flow in the new University of
Sydney closed circuit wind tunnel has been analyzed prior to the construction of the
tunnel. The objective was to obtain a uniform flow in the test section of the wind
tunnel while keeping the pressure losses over the tunnel as low as possible. This was
achieved by using several flow-improving components such as guide vanes, screens, a
honeycomb and a settling chamber. The guide vanes were used in the corners and in
the diverging part leading into the settling chamber, giving a significant improvement
of the flow as they prevent it from taking undesired paths.  The settling chamber is
used to decelerate the flow before it is accelerated when leaving the settling chamber,
a process which reduces the turbulence in the flow. Screens were used in the settling
chamber to further improve the flow by imposing a pressure drop which evens out
differences in the flow speed and reduces the turbulence. The honeycomb, which is
situated in the end of the settling chamber, makes the flow more uniform by forcing it
to go in only one direction. A uniform flow was obtained using three screens and one
honeycomb together with the guide vanes and the settling chamber. 
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1 Introduction

The School of Civil Engineering atmospheric boundary layer wind tunnel (BLWT) at the
University of Sydney was built in the mid 70’s to study wind load on buildings, building
motion and pedestrian wind comfort. The tunnel is an open circuit wind tunnel with a
test section of 2.0 x 2.4 m and a fetch of 20 meters. During summer 2009, the decision to
upgrade the wind tunnel to a closed circuit one was taken. The new tunnel will have a
test section of 2.0 x 3.0 m, a fetch of 25 meters, and a top speed of 30 m/s. The control
room and test section will be adapted to the new acquisition systems recently installed,
such as a stereo-PIV setup.

The objective of this project was to optimize the flow in the tunnel by running com-
putational fluid dynamics (CFD) simulations for different tunnel designs using ANSYS
- CFX 13. The process of performing a CFD simulation will be presented in this re-
port together with an analysis of the flow in the various wind tunnel designs that were
investigated.

2 Computational Fluid Dynamics Simulations

CFD simulations provide a way of predicting the behavior of a fluid without having to
perform any experiments, and changes in the problem setup are easily made. A typical
CFD simulation is created in five steps. First, a model of the fluid region is drawn and
any solid regions that might be present are defined. Thereafter a mesh is applied to
the drawing. CFX uses finite volume methods when calculating the flow field variables,
with the mesh elements as the finite volumes [1]. This means that the size of the mesh
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and the location of its elements determine where the flow field variables are evaluated.
Hence, a fine mesh is needed where the flow is changing rapidly, while a coarser mesh
can be used at locations in the model where the flow is more uniform and less accuracy
is needed. The third step is to define the boundary and initial conditions of the problem
as well as turbulence models, fluid properties and the time step that should be used in
the numerical calculations. Then the numerical calculations can commence, which is
the fourth step. Based on the settings made in the previous steps, the program chooses
suitable numerical methods for the calculations. CFX mostly uses second order accurate
numerical methods when evaluating the Navier-Stokes equations, together with various
models when calculating for example the turbulence of the flow [1].

The nature of turbulent flow is very complex due to the rapid changes in velocity over
very short distances. Therefore, with the computing power available today, it is not
possible to simulate the turbulence in a flow by numerically solving the Navier-Stokes
equations [2]. Instead, various approximations are used to create turbulence models
which simplify the calculations so that the most important aspects of the turbulence
are taken into account [2]. Throughout the simulations performed here the Shear Stress
Transport (SST) [3] model is used for simulating the turbulence in the flow. The SST
model uses the behavior of the flow in the boundary layer to estimate the turbulence
[3].

As in all numerical calculations a truncation error in the result is inevitable since the
numerical methods are only accurate up to a certain order. The error is further increased
by the simplifications made in the model, for example when modeling the turbulence.
The main source of error is flaws in the setup, for example if wrong boundary conditions
or turbulence models are used. If the mesh is too coarse at locations where the flow is
changing rapidly, the details of the flow behavior will be lost which also leads to an error
in the results.

Due to the errors present in the results, especially those caused by flaws in the setup
and in the mesh, a careful analysis of the physical significance of the results must be
made after each simulation to validate the results. For example if variations in the flow
are not smooth, it could mean that the mesh is to coarse. This analysis is the fifth and
last step when doing a CFD simulation.

When performing the calculations, CFX calculates the normalized residuals of each
iteration, which gives an indication of how big the error of the solution is. The residuals
are the difference between the ”right hand side” and the ”left hand side” of the equation
that is solved and therefore gives an estimate of how accurate the result is. In this
project, a solution was considered to have converged if the residuals were constant and
below 10−4. In a few cases, where the flow never reached a steady state due to heavy
recirculation, the residuals did not become constant. However, those results were still of
interest since they showed where the recirculation occurred, even though the behavior
of the flow might not have been very close to reality.

The result of a numerical calculation is dependent on the mesh that is used. A too
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coarse mesh will give a high error in the result and as the mesh size gets finer this
error should decrease. However, if the size of the mesh elements is small enough so that
the numerical result is close to the real solution, a further decrease of the element size
should not affect the solution significantly since the result is already correct [4]. When
this situation occurs the solution is said to be mesh independent and this should always
be achieved when performing a simulation [4].

3 Problem Setup - Boundary Layer Wind Tunnel

A model of the closed circuit wind tunnel is shown in figures 1 and 2. The dimensions
of the tunnel are based on the limits imposed by the room in which the tunnel will be
built. The experiments that are to be carried out in the tunnel will take place in the
test section (figure 1), where the flow around various objects will be investigated. To
be able to set up good experiments, the flow in the test section needs to be as uniform
as possible, and achieving this is the main goal in the optimization of the tunnel-design
in this project. Another important design issue is to reduce the losses in the tunnel so
that the power consumption of the fan becomes relatively low.

The direction of the flow is going clockwise in figures 1 and 2. The cylindrical part after
the lower right corner in figure 1 is the fan. When leaving the fan, the flow goes into
a part that is diverging from a circular cross section to a rectangular one. Thereafter,
the flow enters a long duct which is diverging slowly. This will slightly reduce the flow
speed [7]. Then the flow will go through the first two corners and enter the divergent
leading into the settling chamber. In the divergent the flow will be decelerated so that it
is moving slowly in the settling chamber. This will allow for the use of a heat exchanger
in the settling chamber, which is needed to cool down the flow which get heated up in
the fan. The simulation of the heat exchanger had to be omitted due to the limited
computing power available. After the settling chamber there is a convergent, which
will accelerate the flow. As the flow is accelerating, the level of turbulence in the flow
will decrease [5]. After the convergent, there is a long straight duct in which the test
section is. After the test section, the flow enters the third corner after which the width
of the tunnel is decreased. This was necessary due to the restrictions of the room. The
decreasing width means that the flow will accelerate as it leaves the corner [7]. After
the fourth corner, the flow returns to the fan through a duct which converges from a
rectangular cross section to a circular one. This part is identical to the first part after
the fan, but it has been turned around.

The fan is modeled by two separate parts. One is an inlet of constant velocity (35 m/s)
with a swirl, which is a function of the radius of the fan. The swirl is necessary in order
to simulate the flow out of a real fan, which is not straight. The other part of the fan is
an outlet, which has a relative pressure of 0 Pa. The setup with the fan separated into
two parts makes it possible to select a fixed flow velocity out of the fan, without being
affected by the flow that enters it. This makes it easy to obtain the desired velocity in
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the test section. Thereafter, the pressure drop over the tunnel can be calculated, thus
providing necessary information to choose a fan with suitable properties.

Figure 1: 3D sketch of the closed circuit boundary layer wind tunnel

When airflow is traveling through a diverging duct, flow separation can occur, causing
some recirculation of the flow [6]. The flow separation becomes bigger with a higher
expansion angle of the duct. For slow expansions, such as the one in the long diverging
duct after the fan in figure 1, no flow separation occurs at all [6]. However, in sudden
expansions the flow separates. This occurs in divergent but there are several measures
that can be taken to avoid this. [5] and [6] suggest the use of screens before and in
the divergent. A screen consists of woven thin metal or plastic wire and it imposes
a pressure drop on the flow so that variations in the flow velocity evens out, which
decreases the level of flow separation. Another option is to use guide vanes which divide
the divergent into several small diverging ducts. This would probably reduce the level
of flow separation.

To make the flow out of the settling chamber as uniform as possible, a honeycomb
structure can be put at the end of it, just before the converging part that leads the flow
into the test section. The honeycomb consists of many small tubular elements that force
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Figure 2: The wind tunnel viewed from above with its dimensions. H stands for ”height”,
W for ”width” and D for ”diameter”. All dimensions are given in meters.
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the flow to go in only one direction, thus making the flow profile more uniform. The
corners are also critical parts of the tunnel where losses and recirculation can occur. To
make the flow go through the corners in a uniform manner, [5] and [6] suggest the use of
guide vanes which will force the flow to take a desired path through the corner. These
should have a shape similar to airfoils and force the flow to leave the corner with a 0o

angle to the surrounding walls.

As mentioned above, it is important to minimize the energy losses in the tunnel. Losses
occur in all real flows when the mechanical energy, i.e. the pressure of the fluid and its
kinetic and potential energy, is converted to thermal energy [7]. The energy loss causes
a pressure drop in the flow and this pressure drop can be calculated using Bernoulli’s
equation [7].

The pressure drop over a certain part can often be estimated using the formula

∆ppart = Kpartρ
V̄ 2

2
(1)

where Kpart is called the loss coefficient. Data for K-values for different objects and
duct designs are found in fluid engineering literature such as [5], [6] and [7]. Equation 1
describes among other things the loss across a screen for which Kpart usually is between
0.5 and 0.8.

Figure 3: The mesh of the wind tunnel model

The mesh that was used for the last and most complex case is shown in figures 3 to
8. As can be seen, the mesh is much finer at the locations where the flow is changing
rapidly, for example in the corners. The flow around the settling chamber is expected
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Figure 4: The mesh of the fan and its surrounding parts

Figure 5: The mesh of the settling chamber and parts of the two longest ducts
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Figure 6: Close-up of the inflation layer in the test section

Figure 7: The corner guide vanes viewed from above
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Figure 8: The mesh at a cross section of the divergent with guide vanes

to go through a sudden change and therefore the mesh is relatively fine there. In the
test section, where the flow should be uniform, a coarser mesh is used. In the long
diverging duct just after the fan, the mesh is also coarse even though the swirl from the
fan causes the flow to change rapidly. When the flow is expanding from a circular duct
to a rectangular one, as it does just before the long diverging duct, further irregularities
will be produced. Since the mesh is coarse, the details of these irregularities might
not be detected. However, the exact behavior of the flow at this part is not of great
interest as long as the major disturbances are captured in the simulation. If these can
be dealt with using the flow improving parts, the smaller irregularities should also be
significantly reduced. Figure 6 shows one corner of a cross section of the mesh in the test
section. As can be seen, the mesh is much finer near the edges of the tunnel wall, giving
a better resolution there. This layer of fine elements near the wall is called inflation,
and it is needed to capture the behavior of the flow in the boundary layer. This is
important since the boundary layer flow is what the SST model uses to estimate the
turbulence as mentioned before. Therefore, if the flow-behavior in the boundary layer
is not captured accurately, the turbulence will not be modeled accurately either. The
inflation that can be seen in figure 6 is present on all walls in the entire tunnel so
that the turbulence can be modeled correctly throughout the tunnel. Figure 7 shows
the mesh in one of the corners. Note that there is an inflation layer not only on the
surrounding walls, but also on the guide vanes themselves. The same goes for the guide
vanes in the divergent, which are shown in figure 8. The inflation on the walls of the
tunnel consisted of 10 layers with a total thickness of 15 cm. The inflation on the guide
vanes also consisted of 10 layers and had a first layer height of 0.5 cm. The thickness of

9



each layer increased by a factor of 1.15 for each layer on the guide vanes. The coarsest
element size allowed was 23 cm. In the settling chamber and in the convergent a body-
sizing of 15 cm was used to give a better resolution of the recirculation zones in the
settling chamber. Since the flow changes rapidly around the corner guide vanes, they
were given a face-sizing of 2.5 cm. Due to limited computing power, it was not possible
to confirm mesh independence. The computations were made on 8 CPU:s and with a 24
GB RAM memory. The computations took longer time as the complexity of the model
increased and a bigger mesh was required. For the final simulation, the computing time
was approximately 15 hours.

4 Results

Several models of the tunnel in figure 1 have been studied. The first were simple, not
containing any flow improving parts. The last ones were more complex, containing guide
vanes, screens and a honeycomb to improve the flow. As expected, the flow in the first
model had a lot of unwanted irregularities. For each new model, new flow improving
parts were introduced, making the flow in the test section more uniform.

The very first model tested was a simple version of the tunnel, without any flow improv-
ing parts, such as screens or guide vanes. This made it possible to see where the flow
needed most improvements and to confirm the expectations on the flow behavior as dis-
cussed above. The velocity streamlines in the tunnel are shown in figure 9. In this first
model, the rotation in the flow caused by the fan was neglected since that would have
made it harder to detect the parts of the tunnel where the flow distorts itself.

In figure 9 there are some circular low velocity streamlines in the settling chamber,
indicating recirculation. As expected, some distortion of the flow also occurs in the
corners. It seems like most of the flow goes in the inner curve of the corners, leaving
the space in the outer curve unused. This solution did not converge completely, the
residuals went below 10−3 in an oscillating manner, which was due to the recirculation
of the flow. The recirculation, which causes an unsteady flow, were expected since no
flow improving parts were used. Therefore numerical instability is inevitable since the
real solution to the problem is also unsteady. However, even though the streamlines may
be different and changing rapidly in reality, the real location of the recirculation should
be quite close to where it is in figure 9.

The conclusion that could be drawn from this first case was that measures had to be
taken to improve the flow in the corners and in the settling chamber. In order to easily
see the impact of each of the introduced improvements, the first priority became to
improve the flow in the corners and when the flow there became satisfactory, the focus
changed to improve the flow in the settling chamber.

The guide vanes, which are shown in figure 10, were designed following suggestions in
[5] and [6]. The guide vanes are quarter circles with an extension of the trailing edge
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Figure 9: Velocity streamlines in the wind tunnel without any flow improving parts
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which forms a 0o angle to the surrounding walls, and with a 4o angle of attack to the
incoming flow. This should, according to [5] and [6], improve the quality of the flow and
reduce the losses in the corners. The radius is 0.4 m which is the same as for the corner
bends, and the trailing edge extends 0.15 m after the quarter circle.

(a) Guide vane viewed from above. The
flow enters from the left in the picture.

(b) Guide vanes in one of the corners of the
tunnel. The flow enters from the bottom
left corner of the picture.

Figure 10: Design and position of the corner guide vanes.

Figure 11 shows the velocity streamlines in one of the corners when the guide vanes are
used and figures 12 and 13 show the velocity streamlines and the pressure contours in
the tunnel. For this simulation, a swirl in the flow from the fan was introduced, as can
be seen in figure 11, to give results closer to reality since the flow out of the fan is not
uniform. This swirl was kept in all following simulations.

Comparing the flow in figures 11 and 12 with the flow in figure 9, we see a major
improvement of the flow in the corners when the guide vanes are used, even though the
flow out of the fan is more irregular. The flow leaves each corner with a flow distribution
which is almost uniform, most streamlines are straight as desired, and the swirl from the
fan is significantly reduced in the first corner. Apart from improving the quality of the
flow, the losses in the tunnel were reduced by approximately 100 Pa, cf. table 1

After the corner guide vanes were installed, the flow in the corners can be considered good
enough. However, there is still some flow separation causing recirculation in the settling
chamber, as can be seen in figure 12. To avoid some of the flow separation, seven vertical
and five horizontal guide vanes were put in the divergent, forming a square pattern of
small ducts in the divergent. This forces the flow to spread out more evenly into the
settling chamber. Figure 14 shows the streamlines in the settling chamber when the
guide vanes are used. Compared to the previous cases, this setup improves the quality
of the flow in the settling chamber, even though there is still some recirculation present
there. This leads to a non-uniform flow in the test section as in previous cases. This can
be seen in figure 15, which shows the velocity streamlines when the corner guide vanes
are used together with the guide vanes in the divergent. When using the guide vanes in
the settling chamber, the pressure loss in the tunnel increases to 725 Pa.

As mentioned above, screens and honeycombs can also be used to improve the flow in
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Figure 11: Streamlines in the first corner of the tunnel when corner guide vanes are used
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Figure 12: Streamlines in the tunnel when corner guide vanes are used
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Figure 13: Pressure contour in the tunnel when corner guide vanes are used
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Figure 14: Settling chamber and divergent with the vertical and horizontal guide vanes.

16



Figure 15: Velocity streamlines when corner guide vanes are used together with vertical
and horizontal vanes in the divergent.
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the settling chamber. Since the flow still was not of satisfactory quality when only guide
vanes were used, two screens and a honeycomb were put around the settling chamber. [5]
and [6] recommend the use of several screens, the first one before the divergent followed
by one or more screens in the settling chamber, all having a loss coefficient between
0.5 and 0.8. Since the flow quality already is significantly improved compared to the
setup without any guide vanes in the divergent, only two screens were inserted in the
tunnel to further improve the flow. A honeycomb structure were put in the end of the
settling chamber to align the flow before it goes into the convergent that leads to the
test section.

To determine if the use of guide vanes in the settling chamber enabled the use of screens
with a lower loss coefficient than recommended, a model with a loss coefficient of 0.3
was tested. The screens and the honeycomb were simulated as porous materials in CFX,
which means that porous domains were inserted at the screens’ and the honeycomb’s
locations. This can be done instead of drawing the actual screens and honeycomb, which
would have required a lot of computing power without giving any valuable information.
The screens and the honeycomb are in reality quite thin but to be able to simulate them,
they had to be made slightly thicker so that sufficiently many mesh elements could fit
in them. If the screens were made too thin and only a small number of elements could
be used, CFX had problems calculating the flow behavior in the screens. The flow
resistances in the screens were adjusted so that they would have the same physical
impact as a thin screen. The porosity in the screens and in the honeycomb was assumed
to be 50%. This means that the air was allowed to pass through 50% of the area at
the screen’s and the honeycombs location. To model the honeycomb, which will align
the flow velocity, a directional loss model was used with very high loss coefficients in all
directions apart from the desired main direction. This eliminated all unwanted velocity
components in resemblance to a real honeycomb. The screens however had the same loss
coefficients for all velocity components. Figures 16 and 17 show the velocity streamlines
in the whole tunnel and over the settling chamber.

As can be seen in figures 16 and 17, the streamlines are straight in the test section,
which indicates that the flow is good. A price that has to be paid for the improved flow
is bigger losses, as can be seen in table 1. Even though the flow appears to be good, a
careful inspection of the flow in the test section showed that even with the guide vanes,
and with the use of two screens and a honeycomb in the settling chamber, the flow was
still not uniform in the test section. Figure 18 shows velocity contours of the flow at
a cross section in the test section. The contour shows only the velocity in a direction
parallel to the cross section and it should be close to zero for a uniform flow. As can
be seen in figure 18 this is not the case. Instead, the contour plot indicate that there is
some recirculation in the test section, which could not be detected only by inspecting
the streamlines.

To solve this problem, more screens could be used in the settling chamber to make the
flow more uniform there. This should decrease the recirculation later in the test section
since fewer irregularities would be transported in the flow from the settling chamber.
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Figure 16: Velocity streamlines in the whole tunnel when two screens and a honeycomb,
all having a loss coefficient of 0.3, are used together with guide vanes in the settling
chamber.
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Figure 17: Velocity streamlines in the settling chamber with screens and honeycomb
having a loss coefficient of 0.3.

20



Figure 18: Velocity contour of the velocity component indicated by the red arrow (X).
The contour is located at the test section and the loss coefficient of the screens and the
honeycomb is 0.3
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Several configurations were investigated with both one and two extra screens in the
settling chamber, and with different loss coefficients of the screens and the honeycomb.
In figures 19 to 24, the same velocity contours as was used in figure 18 are shown but
this time when three or four screens are inserted at different locations in the settling
chamber. The positions of the screens are indicated by the figure descriptions. In all
cases, the screen before and directly after the divergent have the same position and the
honeycomb has the same position as before. In one case, which is shown in figure 19, an
additional screen was put in the middle of the settling chamber, with a loss coefficient
of 0.5 on all screens and on the honeycomb. In figure 20 a screen with a loss coefficient
of 0.5, is put directly after the honeycomb and there is no space between the honeycomb
and the last screen. In an attempt to make the flow more uniform, screens were put
both before and after the honeycomb, without any space between the honeycombs and
the screens. Figures 21 and 22 show these two cases, where in the former case a loss
coefficient of 0.5 is used, while in the latter it is 0.8. As can be seen, this improves the
flow in the test section. In figures 23 and 24 the last screen was removed so that three
screens were used. The first two were before and after the divergent as before, and the
last screen was located in the end of the settling chamber, just before the honeycomb.
In figure 23, the loss coefficient is 0.5 for all the screens and for the honeycomb. For the
case shown in figure 24, the loss coefficients for the two first screens is 0.8, while it is
0.5 for the last screen. The honeycomb’s loss coefficient is 0.2. For these last two cases,
the volume porosity of the honeycomb is changed to 75%, meaning that air can pass
through 75% of the honeycomb’s area.

Figure 19: Screen-Divergent-Screen-Air-Screen-Air-Honeycomb, loss coeff. = 0.5

The most successful of the configurations was the one shown in figure 23. That was
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Figure 20: Screen-Divergent-Screen-Air-Honeycomb-Screen, loss coeff. = 0.5

Figure 21: Screen-Divergent-Screen-Air-Screen-Honeycomb-Screen, loss coeff. = 0.5
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Figure 22: Screen-Divergent-Screen-Air-Screen-Honeycomb-Screen, loss coeff. = 0.8

Figure 23: Screen-Divergent-Screen-Air-Screen-Honeycomb, loss coeff. = 0.5
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Figure 24: Screen(loss coeff. = 0.8) - Divergent - Screen(loss coeff. = 0.8) - Air -
Screen(loss coeff. = 0.5) - Honeycomb(loss coeff. = 0.2)

Figure 25: Streamlines in the wind tunnel when the setup around the settling chamber
is Screen-Divergent-Screen-Air-Screen-Honeycomb, all having a loss coefficient of 0.5
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Figure 26: Pressure contour in the wind tunnel when the setup around the settling
chamber is Screen-Divergent-Screen-Air-Screen-Honeycomb, all having a loss coefficient
of 0.5

Case Total pressure drop
in the tunnel (Pa)

No screens or guide vanes, i.e. an empty tunnel 531

Guide vanes in the corners only, no screens in
the settling chamber

424

Guide vanes in the corners and in the divergent,
no screens in the settling chamber

725

Two screens and one honeycomb, having a loss
coefficient of 0.3, together with guide vanes

1036

Three screens with different loss coefficients as
described in figure 23, together with all guide
vanes

1029

Three screens with different loss coefficients as
described in figure 24, together with all guide
vanes

1104

Table 1: Total pressure drop in the tunnel and over the settling chamber for various
cases.
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when three screens were used, one just before and one just after the divergent, the last
screen was situated in the end of the settling chamber, just before the honeycomb. The
three screens and the honeycomb all had a loss coefficient of 0.5. Even though some
recirculation still occur, as can be seen in figure 23, it is very small with respect to the
velocity in the main flow direction, i.e. the direction out of the page, which is about
30 m/s. Figure 25 shows the streamlines in the tunnel when this configuration is used.
As can be seen they appear to be straight in the test section. Looking at figure 26, the
pressure is also uniform at the test section as desired.

5 Discussion

For all simulations apart from the first one with the empty tunnel, the solution fulfilled
the convergence criteria, indicating that the numerical results were close to the real flow
in the tunnel. In the sudden expansion in the divergent, there were always small recircu-
lations of the flow, which is to be expected even though several measures were taken to
reduce it. The recirculation causes the flow to be unstable which means that there is no
stable numerical solution either. However, the results does still give a good prediction
of the flow behavior even though details, such as the location of the recirculation zones,
might differ from reality. After every simulation, the physical significance of the results
has been investigated, and in all results presented here, the flow has not showed any
unphysical behavior. There is a pressure drop over the tunnel, showing that there are
some energy losses present as expected in a real flow. When the cross-sectional area of
the tunnel increases, the velocity decreases and vice versa. An increase in the velocity
is followed by a decrease in the pressure at the same location, and vice versa, which is
consistent with Bernoulli’s equation.

The use of guide vanes in the corners did significantly reduce the swirl in the flow
caused by the fan. With the corner guide vanes, the flow left the corners with a nearly
uniform profile. The guide vanes in the divergent also improved the quality of the flow
by forcing it to spread out more evenly into the settling chamber, thereby reducing
the flow separation in the divergent. This improvement was however at the cost of a
higher pressure drop. Even with the guide vanes in the divergent, some flow separation
was still causing recirculation, which made it necessary to use screens in the divergent
and in the settling chamber. The screens improved the flow significantly by preventing
flow separation and by further decreasing irregularities in the flow, like those caused
by the swirl in the fan. The influence the screens had on the flow was hard to predict
and therefore several setups had to be tried. A higher loss coefficient of the screens
did not necessarily give a better flow compared to a lower one. A good value for the
loss coefficient seems to be between 0.5 and 0.8, as suggested by [5] and [6]. Having a
screen after the honeycomb seemed to make the flow worse, while having a screen just
before it had a good impact on the flow. The use of screens improved the flow but they
also caused a bigger pressure drop in the tunnel, which is undesirable. In other words,
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one has to compromise between having a uniform flow and keeping the pressure losses
low.

6 Conclusion

The best flow was obtained by using guide vanes in the corners and in the divergent
together with three screens and a honeycomb. One screen should be located before the
divergent, one directly after and the third in the end of the settling chamber, just before
the honeycomb, without any space between the last screen and the honeycomb. By using
this setup, having loss coefficients of 0.5 for all the screens and for the honeycomb, the
flow became very close to uniform in the test section with a velocity of about 30 m/s.
Hence, the main goal of the project has been reached. The pressure drop might still be
decreased without compromising with the flow quality.

7 Future Work

Although the flow is of good quality for some of the setups, further improvements should
be possible to make. What should be investigated more carefully is the use of the screens
and the honeycomb, since this has not been explored enough in this project. Several
different porosity settings should be tested, both with different loss coefficients and
different values of the volume porosity, as well as the location of the screens and the
honeycomb. Since the velocity is much higher at the first screen, before the divergent, it
might be suitable to use a screen with a lower loss coefficient there. This might lead to
a more gradual and hence less energy consuming way of obtaining a uniform flow.

Small improvements could also be made by shaping the corner guide vanes as airfoils
rather than thin extended quarter circles. This is suggested in both [5] and [6] and should
lead to lower pressure losses while maintaining the positive effect on the flow. The radius
of the corner vanes could be varied to see how that would affect the flow quality and the
pressure losses. The design of the guide vanes in the divergent could also be varied to
see if it would be possible to improve the flow into the settling chamber. For example,
if more vanes were used, would the flow be better and how would the losses change?
The guide vanes could also be extended so that they start a few decimeters before the
diverging part begins. There, the flow is less affected by the upcoming expansion and
hence it might be more uniform. If the guide vanes would ”capture” the flow already
at that point, where it is more uniform, the flow would be forced to go through the
divergent more evenly distributed, which could have a positive effect on the overall flow
quality.

The impact of modeling a thin screen as a thick porous material should also be carefully
investigated to make sure that it is a valid model. According to the assumption made
in the simulations, the thickness of the screen should not have a significant effect on the
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flow as long as the screen’s loss coefficient is adjusted to the screen’s length. To confirm
this, the thickness of the current screens could be increased (or decreased) by e.g. 50%
and adjust the loss coefficient to the new thickness. This change should not affect the
flow if all other parameters were left unchanged.

The results obtained in this project has not been confirmed to be mesh independent
since a finer mesh could not be made with the available computing power. Since mesh
independence always should be obtained, this is something that has to be done in future
work with the project.

Finally, it has to be noted that even though these CFD simulations give a good idea of
the flow behavior in the tunnel, numerical calculations always have an error associated
with them. Therefore, a careful literature study should be made to take advantage
of the vast experience from previous wind tunnel constructions and experiments. The
CFD simulations alone should not be the foundation upon which the design decision is
made.
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