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This paper presents the design, construction, anctlimpinary
characterization of the atmospheric boundary lawerd tunnel facility for
environmental flow studies at Assiut Universitye Wind tunnel is a low
speed-open loop and driven by a 2 kW, *saxial flow fan. The main
core of the designed wind tunnel is the long sadt®5 m length) devoted
to produce and simulate the atmospheric boundaygr@ABL) for various
environmental flow studies. The simulation of tiBtAan be achieved for
different earth surface conditions by inserting wéll designed spires
arrangement and arrays of roughness elements. g procedure and
the construction steps for the main componentshefwind tunnel are
summarized. The experimental results of the me&i @slocity profiles
for different fan speeds are presented and discussethe preliminary
characterization of the wind tunnel. The resultewlthat the present wind
tunnel is capable to maintain long run steady flolaracteristics and
reproducible flow patterns. The use of designeathgullar spires and cube
roughness elements is successful in simulatingA84l of thickness up to
600 m corresponding to urban area.

KEYWORDS: Atmospheric boundary layer, Low speed-open loayl wi
tunnel, Wind tunnel characterizatipBnvironmental flow.

1. INTRODUCTION

Experimental and theoretical techniques are bextgnsively used in environmental
flow studies. Measurements in environmental floudsts can be done at full scale,
and/or at laboratory scales in wind tunnels. Thedwtunnels have been used for long
time as useful tool for investigating various flplvenomena and research of industrial
aerodynamics [1]. Environmental studies using winthels are described as physical
modeling of the atmospheric boundary layer (ABL)tf2gain better understanding of
complex field phenomena, especially the dispersfguollutants in urban atmospheres.
Advantages of the wind tunnel technique include) {&ell controlled flow
circumstances, (2) adjustment of variables at ailld economy, (3) easy reproduction
of the experimental conditions, and (4) accurat&a dgeneration for validating the
Computational Fluid Dynamics (CFD) simulations &iett measurements.
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NOMENCLATURE
Alphabetic Symbols S The pitch between two spires, (
AR  Entrance height-to-width ratio =h/2), m
of contraction cone T  Temperature, K
A Total area of spires,Zm u Mean axial velocity, m/s
b Width of the spire, m us  Mean axial velocity at heigldt
Coo True drag coefficient m/s
C: Local skin friction coefficient W  Width of the boundary layer
CR Contraction cone ratio development section, m
H Height of the boundary layer X Along-wind coordinate distance,|m
development section, m X¢ Distance downstream of the spirefs
h Height of the spire, m at the end of the boundary layer
H; Half inlet height of the development section, m
contraction cone, m y Cross-wind (lateral) coordinate
Ho Half outlet height of the distance, m
contraction cone, m z Vertical coordinate distance, m
H,  Height of the cubical roughness  Greek Symbols
element, m o The power law exponent
L Length of the curved part of the  5*  The boundary layer thickness, m
contraction cone, m 9 Blockage factor

N The number of spires A Frontal area density of roughnesg
Re Reynolds numberRe= u;x/v) element

Wind tunnels are generally classified into fourugrs according to flow speed.
They are; subsonic or low-speed, transonic, supérsand hypersonic. Subsonic or
low-speed wind tunnels are the most common typel Lisemany applications.
Atmospheric boundary layer wind tunnels (ABLWTsg arsually of the subsonic or
low-speed type. Transonic wind tunnels are commahe aircraft industry since most
commercial aircraft operate in this regime. Supeicsevind tunnels can be used to
investigate the behavior of jet engines and mili@rcrafts. Hypersonic wind tunnels
find their applications in rockets and space vesiciA further way to categorize low
speed wind tunnels is by dividing them into opespler closed loop wind tunnels [3].
The open loop wind tunnels are usually working octien type flow induced by axial
flow fan.

The basic physical requirements of an ABLWT areoatf flow straightening
section producing uniform cross sectional flowoad working section to develop a
boundary layer flow characteristics through appiedprfloor roughness elemerd.
The roughness elements act as earth surface raegy(sml conditions, slopes, plants,
topography...etc) to artificially simulate the easttatmospheric boundary layer.
Additional devices such as spires, vortex genesattsips and barriers [5-10] are
commonly used to accelerate the rate of growth tangroduce a fully developed
boundary layer. Also, cooling and heating faciitee used to produce a thermally
stratified boundary layer [10, 11]. Several desigiteria are commonly taken into
consideration in wind tunnels design and constoncthave been listed for some
existing wind tunnels in [3, 4].
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Due to the increase of researches and consultirgeqgts involving
environmental flow studies in Assiut University, g, there was a necessity to build
an ABLWT that can be used in conducting such resesr and projects. The aim of
this paper is to present the design, constructiad, preliminary characterization of an
ABLWT facility in the Laboratory of Environmentalt@®lies and Research at the
Mechanical Engineering Department of Assiut UniitgrsThe present ABLWT,
which is of a low-speed (up to 4 m/s), open-loopetyis designed with the common
criteria required for proper simulation and invgation of environmental conditions.
The current design has the advantages of usingsspisughness elements, and heating
unit. An after heater settling section is desigtedounter balance the heaters effects
and to get again a uniform smooth flow. The windniei test section is designed to
easy handling of fabricated models simulating déffeé urban areas objects and
buildings (as well as other earth surface cond#jprsuch simulation facilities
investigating the effects of air pollutants andirthdispersion in urban and other
atmospheres. Some experimental and numerical sesufit the flow velocity
distributions are presented for the assessmemheqgbrieliminary characterization of the
present wind tunnel.

2. DESIGN CONSIDERATIONS AND MAIN FEATURES

The structure of an ABL is complex and cannot bgspdally modeled exactly in a
wind tunnel. However, one can obtain a good stitimtaof a natural ABL by
considering a few important requirements represgnthe fundamental similarity
criteria [4]. These requirements are; (1) similaaf relative surface roughness, (2)
kinematics simulation of airflow, (3) boundary layeelocity distribution and
turbulence, (4) matching of Reynolds number, Rossbyber and Richardson number,
and (5) matching the zero pressure gradients faanthe full-scale area. Such
similarity criteria have been considered in theigleprocedure and selection of the
various components and operating conditions ofpitesent wind tunnel. Moreover,
some criteria are considered to achieve a desmnighcost-effective, having uniform
flow with no separation inside the inlet, and shiigafor performing the required tests
and experiments. These design criteria are: openitgithermally stratified, good flow
quality, contraction ratio, CR, in the range of 419, 12], air flow velocity in the test
section up to 4 m/s, low noise level, ease of nemance and accessible test section.
Finally, flow separation must be avoided in the fbary layer development section to
minimize losses and to keep stable flow. The defg@gtures and main components of
the present ABLWT are shown in Fig. 1. The mainnflsections of the ABLWT
(Fig. 1-a) are:
» flow straightening section (1), to produce unifoaxial flow,
* |ong flow development section (3.9 m) (ll), to deyethe desired boundary
layer flow characteristics,
= test section (lll), and
= flow support section (IV), to generate the requieaghl flow inside the wind
tunnel using a variable speed fan.
The present wind tunnel construction consists of flollowing eight
components (see Fig. 1-b for details) listed ireofdom front to back: (1) an upstream
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settling section, (2) a contraction cone, (3) arflaiv heating unit, (4) an after heaters
settling section, (5) a boundary layer developnaattion, (6) a test section, (7) a
transition and flexible connection, and (8) an bh{@wv fan. These components have
been designed and fabricated in the workshop oulBa®f Engineering, Assiut

University. Figure 2 shows a photographic view bé twind tunnel construction

assembly of the fabricated components with meaguasimd control facilities in the

Laboratory of Environmental Studies and ResearckthatMechanical Engineering
Department.
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Figure 1: Design features of the present atmospheric boundary layer wind tunnel
(ABLWT): (a) main flow sections coupled with the test section, (b) construction
components and details (all dimensions in mm).

2.1  Upstream Settling Section

The objective of this section is to allow air tateanthe wind tunnel smoothly and to
provide a spatially uniform flow of air at the beging of the flow development
section. The settling section consists of one hooeyp and three successive screens
having different mesh sizes. The details of thesign are described as follow.
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Figure 2: An overall photographic view of the present ABLWT with measuring and
control facilities

The honeycomb

The honeycomb normalizes the flow into one direciistraightens the flow), breaks
up eddies larger than the cell size, and reducdréeestream turbulence level. The
honeycomb is composed of circular shape cells lgakength-to-diameter ratio of 10.

This ratio is sufficient to straighten the flow dgscribed in [13]. The designed
honeycomb has been fabricated from PVC tubes hanimey diameter of 23 mm, wall

thickness of 1 mm, and length of 230 mm. A totainber of 6400 PVC tubes were
used to construct the honeycomb with cross secfi@im x 2 m.

The screens

Screens are commonly used to improve flow qualitwind-tunnels because they are
very effective in breaking up larger eddies and @@tarily to reduce mean non-
uniformity and fluctuations of the streamwise amdss-flow component. Seamless
stainless-steel wire screens are placed in thdingettluct for the reduction of
turbulence levels of the incoming flow (out of theneycomb). According to Mathew
et al [13], three screens are selected with open atezsrof 54%, 45%, and 54%, with
mesh per inch counts of 12, 20, and, 24, respdygtifidie screens are spaced at an
axial distance of 150 mm. This distance has beesah for the wire generated
turbulence to decay sufficiently [3, 14]

2.2 Contraction Cone

The contraction cone accelerates and aligns thewvlibh good quality as it enters into
flow development section. The design parameteofraction cone (size and shape)
are determined in such a manner to minimize theutence intensity, obtain uniform
and steady flow, and avoid flow separation [12,. I3]je designed contraction has a
total length of 1.25 m, an area contraction rati® €4, an aspect ratio at the entrance
(width / height)AR = 1, half inlet heighH; = 1 m, and half outlet heiglt, = 0.5 m.
The curved part of the contraction wall has a lehgt 1 m. The shape of this curved
part has been formed according to a fifth-ordeypaiial given in [15] as:
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Y =t =1—(1—i](1o/73 ~157* +617°) L)

H. H.

wherey =X /L , X" andy” are the axial and vertical coordinates from thgirb@ng of
the contraction cone. Figure 3 shows the charatiesiof the contraction cone wall.
The plot of polynomial functiof(#) which corresponds to the curved wall shape at the
half mid-plane is shown in Fig. 3-a. The desigrcofitraction with this wall shape is
evaluated by performing a numerical simulationdegihe contraction cone using CFD
software with standar — ¢ turbulence model. A plot of the axial wind velgcit
variation at the half mid-plane is shown in Figy.3Fhe obtained results of the velocity
contours show no separation inside the contractione. The curved part of the
contraction cone is constructed by welding of feimilar curved walls. Figure 4
shows the assembly of the contraction cone patts. Walls are fabricated by cold

rolling of 1.5 mm thick galvanized iron sheets.
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Figure 3: Contraction cone wall: (a) schematic of the polynomial forming the shape of
the curved part of the contraction (b) contours of axial wind velocity along the half mid-
plane for the contraction.
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Figure 4. Assembly of the contraction cone parts (dimensions in mm).
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2.3  Air-Flow Heating Unit

This unit is designed and fabricated to producénexnally stratified atmospheric
boundary layer. The unit consists mainly of twefuyr electric heater rods, each of
8.5 mm diameter, 1 m length, and a maximum powdrlddV. In addition, two electric
heater stripes (each 50 mm width, 1 m length, aadimum power of 1 kW ) are
attached to the floor and ceiling of the unit. THeater rods are allocated vertically
with 40 mm pitch. The electrical circuit of the ke is arranged and provided with a
control unit to supply specific electric power distition among the heaters which
leads to the desired temperature profiles withimm $hmulated atmospheric boundary
layer.

2.4  After Heaters Settling Section

The objective of this section is to counter balathesinfluence of the flow disturbance
caused by the heating unit. It consists of one yoomb and one screen. The
honeycomb is designed with circular shape cellsinggdl mm in diameter and
110 mm length. The screen is selected with opea r@@ of 54%, and mesh per inch
counts of 12. Both the honeycomb and the screerdesgned and fabricated in a
manner similar to that considered in the settliactisn. The screen is located 150 mm
downstream the honeycomb.

2.5 Boundary Layer Development Section

In this section, atmospheric boundary layer (ABEddferent thickness for different
earth surface conditions is simulated. The bountirgr thicknessg known to vary
from place to place depending on the earth's serfabaracteristics (surface
roughness). It might be as low as 200 m for smeatth surface compared with higher
values up to 600 m for surfaces with significanigioness. Typical values éfare: 200

— 300 m for open sea and desertal areas, 300 m400 rural areas, 400 — 500 m for
wooden forests, and 500 — 600 m for urban areakg, A combination of spires and
roughness elements on the floor of the wind tuanelused to artificially simulate the
earth surface condition correspond to the ABL urtarsideration. Figure 5 shows the
important features and parameters considered indésggn of the boundary layer
development section. Section dimensions of helifjat 1 m, widthw =1 m, and a
total length of 3.5 m, were found enough to devedopimulated boundary layer of
thicknessy up to a value o8'= 0.6 m (for urban area) which corresponds to anahc
ABL thickness of 600 m (scale 1/1000). The desiglu& of simulated ABL thickness
is selected to be about half of boundary layer gweent section height (= H / 2).
The remainder vertical distance is enough to eliwginthe effects of the upper
boundary layer of the wind tunnel. A good simulataf ABL wind motion has to take
into account the categorization of ABL into maimwl and boundary layer flow.
Moreover, the main potential flow & u;) occurring above the ABL together with the
boundary layer flow gives a complete simulatiorttedf real ABL. The boundary layer
flow can be characterized by the power law relatgiven by

u _(zY
GZ'(J) @
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wherez, is the distance normal to the surfagégs the corresponding mean velocity,
and u; is the mean velocity at = ¢, [17, 18]. The exponent depends, for an
aerodynamically smooth surface, on the Reynoldsheurand, for a rough surface, on
the roughness length. It interrelates with the lolauy layer thickness and varies
from values as low ag = 0.12 for smooth earth surfaces (e.g. open seajglues as
high asa = 0.4 (urban area) [4, 16]. A combination of tgatar spires with splitter
plates and cube roughness elements (Fig. 6) aeetsdland designed according to
Irwin's method [19Hescribed by the following equations.

B
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U, Ly %_ H=U; (_)
-
—J 1
Y
/] rd f’
- — —
P Xs ~ X o < Test secion

-

=il

Figure 5: Conceptual model for the boundary layer development section illustrating the
coordinates system, velocity distributions at the entrance and outlet, spires
arrangement, and arrays of roughness elements.
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Figure 6: Schematic of configuration and dimensions of: (a) triangular spires with
splitter plates (b) cube roughness elements.

Spires arrangement

Referring to Fig. 6-a, the total areaMftriangular spires with base lendihand height,
his:
bh YHW

AN T wac, o
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where
_ 2 Xf 1+a
w—ﬁ[1+2a+ﬁ j/(l Py’ (4)
_ 0 a
A iTra ©)

wherex; is the distance downstream of the spires up tetiteof the boundary layer
development section, the local skin friction coséint,C¢ in Eq. (4) is given by

2
c - 0136(1+aj (6)

The true drag coefficienCpo, and the blockage facto#, typically have
values of 1.45 and 1.7, respectively. These vatoesespond to the condition when
N spires are spaced within the section width W, dyawith a pitchs=h/ 2, (i.e.N
= 2W/h) [19, 20].

Substituting forCpo, 6, andN Eq. (3) becomes

b ¥ )

h h @+17¢)x145

Considering the design dimensionstbf=1 m,W =1 m, andx = 3.4 m,
together with urban conditions af= 0.28,0 = 0.6 m, and the condition of 0.05 <
b/h < 0.2, for effective spires as mentioned in [18§s. (4) — (7) were solved to
give optimum design data for the spiresNas 3,b = 111 mm, anch = 666 mm
used in the present ABLWT.

Arrays of roughness elements

Arrays of roughness elements have been designeddtdsl and distributed in a way
to be a good simulation of real urban and industii@s. Such sites can be simply
modeled as plan area occupied by uniformly distéBuegular obstacles having the
shape of cube placed in staggered manner as simokig.i6-b. The cubes (roughness
elements) are designed to simulate large and cdnfpmny close obstacles) urban,
with frontal area density; = 0.4 — 0.5 [21]. For the cube arrays with cubighiteH,, a
selected valuejs = 4/g ~ 0.44 gives centerline spacing of Ha A design value of
H, = 45 mm is obtained from the following relatior®]1

05
H, _ 2 [@j-o._ua 2 4905 , (8)
o 3 o C

f

Three spires and 710 cubes, fabricated from wodubres and plates are
mounted at the spacing and pattern described abowsooden plates covering the
plan area of the boundary layer development secfi@¥ nf (see Fig. 7).

2.6 Test Section

The test section (Fig. 8) is the chamber in whadbritated test models are mounted to
simulate different urban areas common objects egds wind flow with varying
direction. The test section is provided with theiimiastrumentation to measure the
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various flow characteristics (velocity, temperatupllutant dispersion...etc.). The
side walls of the test section are made of glasslpa(see Fig. 8-a) to allow
visualization of various flow phenomena occurringthie atmosphere surrounding the
test model. The effective dimensions of the testise are 1 m height, 1 m width and
1.7 m length. The main components of the testi@edre the turntable and the
traversing mechanism (see Fig. 8-b).

Figure 7: A Photographic view of spires arrangement and arrays of roughness
elements inside the boundary layer development section.

Figure 8: Detailed photographic views of: (a) test section from outside, (c) test section
from inside showing the turntable and traversing mechanism.

Turntable

The turntable baseplate is designed to have alairdlat surface area (0.80 m in
diameter) on which different test models are modintde baseplate is centered on the
floor of the test section at the mid distance betwthe side walls and at 0.6 m from
the test section entrance. The baseplate is eqlipgé a rotation mechanism from
beneath, to produce the variation of wind flow diien with respect to the test model
configuration. The rotation mechanism is desigreetidve a mobility of + 360° with
direction variation increments of 2.5°.
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Traversing mechanism

The environmental flow studies are usually perfanterough the measurements of
flow characteristics at hundreds of points coverihg space of the simulated
atmospheric boundary layer surrounding the test aino@iccordingly, a device is
needed to enable performing such measurementd thirattions economically and
without interrupting the flow field. A three-dimensal (3D) traversing mechanism, to
which probes or sensors are attached, is an apgt®evice for this task. A 3D
computer-linked traversing mechanism model 57H10Mdnufactured by Dantec
Corporation, Denmark has been selected and indtallthe end of the test section. The
mechanism is driven by three DC motors for thedrawmg in the three directions. The
mechanism can cover traversing distances of 0 -n800n the axial direction, 0 — 900
mm in the lateral direction, and 0 — 900 mm in\keical direction at an increment of
0.000mm in all directions.

2.7 Transition and Flexible Connection

A square (1 m x 1 m) -to-round transition fittingshbeen designed and constructed to
join the test section to the 0.61 m diameter epwanf the fan, via a flexible
connection. The transition fitting is a slowly cenging section with 1 m length and an
area ratio of 3.40. The objective of the flexibsoection is to isolate the mechanical
vibrations associated with the fan rotation frome thain body of the wind tunnel.
Therefore, the flexible connection is made frombeibl mm thick, with adjustable
length from 50 - 100 mm. Referring to the aboveussion and description of the test
section, the distance between the turntable anértrance of the transition section in
addition to its length are believed to be enougheliminate the effects of any
variations that might occur downstream the tramsisection on the flow above the
turntable.

2.8 Axial Flow Fan

A 2 kW, axial-flow fan with maximum flow rate of #s at 1440 rpm is selected to
drive the wind tunnel. The fan is operated by dalde speed motor to give adjustable
rpm settings via the use of a three phase vanaiitage automatic transformer.

3. WIND TUNNEL CHARACTERIZATION

A preliminary characterization of the above desthraad constructed wind tunnel
facility has been performed using available meagudevices and instrumentation.
The aim of the preliminary characterization isnsure the existence of the basic flow
characteristics inherent to the simulation of ttaspheric boundary layer in the
present wind tunnel. These flow characteristics lmanlescribed by the uniformity of
the flow at the entrance of the boundary layer tigraent section, and the boundary
layer flow velocity profile with the required paraters § anda) associated with the

designed spires and roughness elements arrayan&hsurements of the mean axial
velocity profiles in the mid vertical plane wererfeemed for cold wind flow under

different operating conditions. These measurememise carried out using a Pitot-
static tube in conjunction with inclined differestimanometer having a sensitivity of
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0.4 Pa, and a full scale deflection correspondmd@®0 Pa. The flow velocity is
calculated using the manometer reading by the kvelivn Bernoulli equation for
steady one-dimensional flow of an incompressihlelfl The accuracy of the resulting
velocity values has been estimated to be within0194 relative error. The velocity
profile at the entrance of the boundary layer dgwelent sectiois measured with the
Pitot-statictube attached to simple manual traversing mechaseispecially designed
and manufactured for the present study. The vértiwean velocity profiles were
measured at 70 different heights. The followingcdssion deals with the obtained
experimental results for three groups of experimefhese are, experiments in the
empty wind tunnel, experiments in the wind tunné@hvgpires only, and experiments
in the wind tunnel with the combination of spireslarrays of roughness elements.

3.1 Experiments in the Empty Wind Tunnel

Figure 9 shows the measured mean velocity profiedifferent fan speeds at the
entrance of the boundary layer development se@rahthe test section (& andx,
shown in Fig. 5). The velocity profiles are almmigntical to each other for a fan speed
of 500 rpm which mean that the velocity is stablee velocity profiles at the entrance
of the boundary layer development sectign< 15 cm) show good uniformity across
the whole height for all fan speeds, except forlibandary layer effect within 5 cm
above the lower smooth surface. Similar uniformog#l profile is obtained at the
entrance of the test sectiog € 360 cm) which can be noticed only for 500 rpmisTh
value of fan speed gives a Reynolds number of 2@ ¢aminar flow). The increase
in the boundary effect for the other fan speed9@12440 rpm) is due to the turbulent
flow associated with higher values of Reynole> 5 x10.

100 : : : : . :
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Figure 9: Mean velocity profiles at different fan speeds in the empty wind tunnel.
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3.2  Experiments with Spires Only

The reason for adding the spires is to generateick boundary layer in a short
distance. This can be clearly shown by compariegiieasured mean velocity profiles
with and without spires (Figs. 9 and 10) at theamte of the test sectior,(= 360
cm). After installing spires, it is seen that theocity profiles for the three fan speeds
became similar to each other, and the boundary thyekness grew from about 20 cm
to 35 cm. The similarity of the three velocity pgle$ means that the flow regime is
independent of the Reynolds number, so the flowh wgpires is a fully developed
turbulent flow. Using the power law to fit the maesd data of Fig. 10 and considering
a boundary layer thicknegs= 35 cm, an exponent of the power law= 0.12 was
obtained. These values é6fand a are for the measured velocity profiles shown in
Fig. 10 which resulted from a combination effedtsmires and a smooth surface. This
combination simulates a real case of smooth earface withs about 300 m and =
0.12 (e.g. open sea).

100 T T T T T T T

Z, (mis)

u, {m/fs)
Figure 10: Mean velocity profiles in the wind tunnel at different fan speeds,
with spires only.

3.3 Experiments with Spires and Roughness Elements

Figure 11 shows the measured mean velocity profdeslifferent fan speeds at the
entrance of the test section with the combinatibrdesigned spires and arrays of
roughness elements installed in the wind tunnelit fssexpected, the profiles indicate
a simulated boundary layer thickness of about 6@thmdesign value a@f). Using the
power law to fit the measured data of Fig. 11 with 60 cm, an estimated value of the
exponenta of 0.25 was obtained. The estimated value, eveoritesponds to urban
area condition, it is somewhat less than the valfue = 0.28 used in the design of
spires and roughness elements as mentioned abdwe.isI due to the deviation



190 Hamoud A. Al-Nehatri et al.

between real and theoretical design conditionsriisg the shape dimensions and
orientation of the spires and roughness elements.

All groups of experiments show little scatteringtbé points (see Figs. 9-11)
representing the results for the mean velocity.sTisi mainly explained by the
combined effect of measuring and allocation errbl@wever, for all measured mean
velocity profiles, one can clearly notice the featuof the main flow and boundary
layer characteristics. The repetition of the maiatéires for the mean velocity profiles,
for different conditions, indicates the good repraiility of the present wind tunnel.

100 : : : : : : :
rpm § E j
B0 A 500 N N .
L I o o
o 1000 s

z, (em)

u, {m/fs)

Figure 11: Mean velocity profiles in the wind tunnel at different fan speeds, with spires
and arrays of roughness elements.

4. CONCLUSIONS

The design, construction, and preliminary charaaéon of the atmospheric
boundary layer wind tunnel facility for environmahtlow studies at Assiut University
are presented. The constructed low speed-openwamptunnel is driven by a 2 kW,
4 /s, axial flow fan. The fan is controlled by a \sfie speed motor. The wind tunnel
consists of flow straightening section, long floevdlopment section, test section, and
flow support section. Spires arrangement and arkysoughness elements are
designed, fabricated, and mounted in the flow dgweknt section to artificially
simulate the atmospheric boundary layer for urbamsas Preliminary facility
characterization experiments were performed. Frioeresults of the mean velocity
profiles with different conditions, the followingmarks can be concluded.
1. The velocity profiles produced at the entrance hegf test section are quite
stable insuring a steady flow conditions.
2. The velocity profiles introduced by the flow straigning section are almost
uniform. This condition is needed for the desigrthe# artificial elements or
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[2]

[3]
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objects (spires and roughness elements) used telagevhe simulated
atmospheric boundary layer.

The use of spires is effective in generating aktfioundary layer in a short
distance.

The power law with the appropriate parameters gtdoebe suitable in fitting
the velocity profiles within the simulated atmospbdoundary layer.

The present wind tunnel possesses a good reprakitycia condition that

gives confidence in the results obtained from itse ufor long run

investigations.

The experimentally simulated atmospheric boundayerd was shown to be
fully developed with the use of spires and rougbnetements. This is
consistent with the Irwin's method followed in tdhesign of these elements.
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