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Abstract

A closed-loop wind tunnel has been constructed on a floor area
of 18.7x30.6 n? at the Thebarton campus of the University of
Adelaide. The wind tunnel is for use by researchers and in-
dustrial clients of the university. There are two test sections in
series. The larger of the two, with a0%3.0 m? cross section

and a length of 14.8 m is intended for wind engineering and
sports science. The smaller of the test sections, which has a
cross section of Z5x2.0 n?, is located at the outlet of a 4:1
contraction, and so is better suited to aerodynamics and aero-
acoustics. The flow is driven by six fans, each with a diameter
of 1.4 m. Design calculations predict a maximum flow rate of
285 n¥/s, giving 32 m/s in the wind-engineering section and
52 m/s in the aerodynamics test section.

Motivation and history

The years since 2000 have been a time of expansion for teach-
ing and research in mechanical engineering at the University of
Adelaide, with new courses in aeronautical, automotive, sports
and sustainable-energy engineering. Early in this period it be-
came apparent that South Australia lacked research and devel-
opment facilities for industrial and aeronautical aerodynamics.
However, after an internal feasibility study, funding for the con-
struction of a large wind tunnel became available in early 2007.

From that point, the requirements were for a wind tunnel which
would be useful to as many different disciplines of engineering
as possible. The objective was to build a wind tunnel with size
and flow speeds similar to those of the large wind tunnels at
Monash University, RMIT University and DSTO in Melbourne.

Preliminary design

In early 2010, a building with a floor area of Z830.6 m? be-
came available. The building was somewhat smaller than ini-
tially invisaged, and so it became important to make best possi-
ble use of this space. To overcome the limitations of a 3.7 metre
ceiling height, the larger parts of the wind tunnel would be con-
structed in large pits.

The preliminary design, which is a plan view of a closed-loop
wind tunnel, is shown in Figure 1. In this design, there is a
wind-engineering test section on the discharge side of the fans
and an aerodynamics test section on the intake side of the fans.
Flow through both test sections is conditioned by a honeycomb
and wire-mesh screens, but the 4:1 contraction gives the aero-
dynamics section a much better uniformity and a much lower
turbulence intensity in the core flow. The3n? aerodynam-

ics section can be replaced with a smalleid.4 n? test sec-

tion, giving a higher flow speed, or it may simply be removed,
leaving an open jet flow. The wind-engineering section is as
long as practicable, and there are suitable roughness elements
on the floor, so that the simulated atmospheric boundary layer
is as thick as possible. It is also equipped with a turntable.

The preliminary design work determined that 6 direct-drive
fans, each 1.4 min diameter, would be less expensive than a sin-
gle, larger fan of equivalent performance. These fans produce

an unusually large pressure rise because the tip/hub diameter ra-
tiois large (0.63) and the discharge flow is straightened by stator
blades extending over the full length of the electric motors. At
this stage it was also clear that, due to the high cost of connec-
tion to the public electricity grid, electrical power would be sup-
plied by one or more diesel generators. Silencers are installed
so that the wind tunnel becomes more useful for aeroacoustics
research. There are turning vanes in each corner.

Design for Minimum Pressure Loss

Given the general arrangement in Figure 1, the main objective
for the design detail is to minimise stagnation-pressure loss due
to flow separation and secondary flow. Particular attention is
therefore given to design of the duct components which have
a propensity for generating large pressure loss — for exam-
ple, corners and diffusers (or expansions). However there is not
enough space to achieve minimum pressure loss with radiused
corners and simple diffusers (Figure 2). All corners are there-
fore fitted with turning vanes. The effective cone ange df
diffusers is kept sufficiently small either by designing them as
part of the fan-discharge ducts, or by dividing the larger main
duct into smaller side-by-side channels. Also, to minimise the
need for diffusers, there is only one contraction.
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Figure 1:General arrangement (plan view) from the preliminary
design.
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(a) corner (b) diffuser

Figure 2:Shape required for minimum pressure loss in radiused
corners and simple diffusers [6, 7].

General Arrangement

The general arrangement of the wind tunnel in December 2012
is shown in Figures 3 and 4. Electrical power for the fans is pro-
vided by a 400 kW diesel generator. The electrical wiring makes
provision for a second 400 kW generator (which is currently
not installed). Calculations using pressure-loss coefficients and
other data from the engineering literature give a maximum “as
designed” flow rate (with 2 generators) of 285/m

Corners

The south-west (SW) and south-east (SE) corners of the wind
tunnel are designed as manifolds which join the fan-discharge
ducts and fan-intake ducts to the test sections. As a conse-
qguence, the SW and SE corners are structurally complex but,
also as a consequence, space is made available for efficient fan-
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Figure 3: Simplified general arrangement of the wind tunnel
(plan view). See Figure 4 for elevations AA and BB.
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Figure 4: Simplified elevations of (a) south-west corner, (b) si-
lencers, fans and discharge diffusers.

discharge diffusers. Also, as shown in Figure 4, the duct splits
into an upper channel and a lower channel immediately down-
stream of the aerodynamics test section, thus making it possible
to install standard commercial silencers at the fan intakes.

At the truncated north-east corner of the building, there are two
rows of turning vanes. The first row of vanes turns the flow
through an angle of 45 Flow from the second row enters the
diffuser without any intervening parallel-sided duct, and so the
vanes in the second row are all different, with the angle of turn
varying from 37.8 to 52.2°.

Turning vanes

With the use of turning vanes, minimum pressure losses are ob-
tained in compact mitred corners. In small wind tunnels, the
usual practice is for turning vanes to be a single thickness of
curved sheet metal. These are simple to make and, with care,
a loss coefficient of 0.1 can be achieved [8]. In a larger wind
tunnel such as this, the turning vanes are thick aerofoils in order
to obtain the required strength and rigidity. By using the vane
geometry of Collar [3], which gives a constant-width channel
between the vanes, we expect a loss coefficient of 0.05.

Figure 5(a) and the following constraints define the profile of
the Collar turning vane:

0, 01, @
R = 0725 )
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wheret is the thickness of the (sheet-metal) skin. The other
symbols are defined in the diagram.

(a) 6,=0,=45° (b) 6,=0,=225°

Figure 5:Constant-channel-width turning-vane profiles; (a) 90 °
turn (after Collar [3]); (b) 45° turn (vane is thickened by 24).
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Figure 6:CAD image of SW-corner vane. To show internal detail
the convex sheet-metal surface is rendered “transparent”.

The turning angle of the flow can be changed simply by adjust-
ing the values 08; and8,. For example®, = 6, = 22.5° gives

a 45° turning angle and, as shown by the dashed-line profile in
Figure 5(b), the result is a much thinner vane. In the north-east-
corner, where the vanes have a simply supported length of 3 m
and the design flow speed is 33.3 m/s, the dashed-line profile
would give insufficient flexural stiffness. Acceptable bending
deflection is obtained by increasing the thickness of the vane.
The increase in thickness i€A2S= 0.049 over the front two
thirds of the vane, and tapers to zero at the trailing edge.

Figure 6 illustrates the construction of a turning vane. Ribs of
construction timber are pushed onto a RHS spine and a steel or
aluminium tube provides the rounded leading edge. The sheet-
metal skins are rolled to the required shape, screwed onto the
ribs and then welded along their leading and trailing edges.

Test sections

The cross section of the wind-engineering test section expands
slightly from 29x2.9 n? at the upstream end, to(3.0 n? at

the turntable. The purpose of the expansion is to compensate
for the displacement effect of boundary-layer growth along the
length of the test section. At 2853fs, the bulk flow speed at
the turntable is 32 m/s.
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Figure 7:Contraction geometry: definition of coordinate system
and dimensions; H; =4.00m, Wy =5.50m, L=5.66m

where the(x,y, z) coordinate system and the other symbols are
defined in Figure 7. The polynomi&l(§) is favoured for use

as a contraction profile because its first and second derivatives
vanish at the inlet and outlet planes. In the present case we
modify the profile by applying a nonlinear transformation to

streamwsise distance,
1/n
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with n=0.7 andxe/L =0.1. Figure 8 shows that the transforma-
tion increases convex curvature near the outlet and moves the
concave region away from the inlet.

In Figure 9, wall-pressure coefficients,

PP
3PU8’

which are obtained from potential-flow simulations, show re-

gions of adverse pressure gradient near the inlet and outlet of

the contraction. The reference conditidfs Uy are located in

the duct far upstream of the contraction. Stratford [9] provides a

convenient method of testing for turbulent-boundary-layer sep-
aration. With this method, separation occurs if
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wheref3=0.39. At a test-section flow speed of 5 m/s, the maxi-

Cp (8)

The aerodynamics test section has a constant, non-adjustable mum valueSyay, =0.106 is found at the edge of the contraction

2.75x2.0 m? cross section and a length of 6.0 m. As recom-
mended by the preliminary design, it is mounted on wheels so
that, when removed, there is an open-jet flow from the contrac-
tion. At 285 n¥/s, the flow speed is 52 m/s.

Calibration and flow-characterisation measurements in both test
sections are planned for early 2013.

Contraction

It is desirable, for the sake of a more uniform flow and lower
turbulence intensity in the aerodynamics test section, to have a
contraction with the largest possible area ratio. However, due
to other requirements (e.g. for a large test section) and con-
straints (e.g. the size of the laboratory and cost) the practical
limit for the area ratio is 4:1. To avoid boundary-layer separa-
tion, the length of the contraction is made equal to its inlet width
(L/Wy = 1.0)— as recommended by Chmielewski [2].

Bell and Mehta [1] have used the fifth-order polynomial
P(g) = 68° — 158"+ 108°, (5)
to define the shape of a wind-tunnel contraction. The roof, floor
and side-wall profiles are then given by
H]_*Zy _ W1722 _ P(i)
Hi—Hy  Wi-W, ‘L7

(6)

near the inlet, and is much smaller than required for separation.

Over the outlet plane of the contraction, the standard devia-
tion of the simulation flow speed is 1.5% from the mean. This
nonuniformity decays by a factor of 4 in 0.1 contraction lengths.
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Figure 8: Profile and curvature of the wind tunnel contraction
(Equation 7) and of the polynomial contraction, (Equation 6) [1].
Ris radius of curvature.
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Figure 9: Pressure coefficients near regions of adverse pres-
sure gradient, (a—b) on the roof and, (c—d) on the side-wall of
the contraction. The location of maximum Stratford separation

parameter, Snax, is shown with a e.

0.8

Honeycombs

Flow through the aerodynamics test section is conditioned by a

honeycomb, a sequence of 3 wire-mesh screens and a 4:1 con-
traction. There is a honeycomb also at the upstream end of the
wind-engineering test section. The purpose of the honeycombs

is to suppress large scale lateral and vertical components of both
the steady flow and the velocity fluctuations.

Both wind-tunnel honeycombs are constructed from stacked
600-mm lengths ofL00 mm galvanised steel storm-water pipe.
The length complies with Mehta and Bradshaw’s [4] rec-
ommendedL/D ratio of between 6 and 8. In the wind-
engineering section, the honeycomb has 969 cells and, in the
larger 55x4.0 n? duct, the honeycomb has about 2500 cells.

Screens

The wire-mesh screens installed between the honeycomb and
the contraction have an open-area ratio of 62.4%, a wire pitch of
M=1.67 mm and a spacing of 600 mm or 389The turbulence
intensity in the aerodynamics test section can be estimated from
an empirical relationship for the decay of grid turbulence. This
relationship, found by Mohamed and LaRue [5], is

\2 ~13
YV <a()
U M
where, for the open-area ratio and Reynolds numbers of inter-

est, A= 450. To allow for increasing flow speed through the
contractionx is calculated using

x=U(0) /OLU (x)~Ldx

(10

(11

Equation 10 gives a test-section turbulence intensity of approx-
imately 0.15%. The contraction area ratio of 4:1 should, in the-
ory, give a further reduction by a factor of 2.

Diffusers

It is important that the wind-tunnel diffusers have maximum
pressure recovery and a minimum of non-uniformity and un-
steadiness in their outlet flows. Briefly, it is necessary to avoid
boundary-layer separation in the diffusers and, as shown in the
design charts of Reneau et al. [7] (Figure 10), this requires a
diffuser angle & (defined in Figure 2) of no more thart 7

The large diffuser is divided by splitter plates into 4 channels
of equal width. Without these splitter plates, the effective dif-
fuser angle is about 30 giving large-scale transitory separation
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Figure 10:Simplified design chart for two-dimensional diffusers
[7] showing approximate flow regime and loss coefficient (K) for
the large diffuser without splitter plates (O), with splitter plates
(), and for the fan-discharge diffusers fitted with tailcones (A).

and a loss coefficient of about 0.43. The design charts indicate
that, with splitter plates, there should be almost “no appreciable
separation” and a loss coefficient of about 0.13.

At present, the fan hubs are not fitted with tailcones, and so
significant energy loss might be expected in the fan-discharge
diffusers, perhaps with a loss coefficiekt)(as high as 0.5. As
illustrated in the design chart, Figure 10, the fitting of tailcones
is expected to eliminate separation, thus giving a reduced in
loss coefficient and a more uniform, steadier flow in the wind
engineering section.
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