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Summary

A wind tunnel of open-circuit configuration designed specifically for building aerody-
namics is described and its performance is discusse¿. lt tras a working section 2 m wide x
1 m high x I m long with a maximum windspeed of 20 ms-t under ivpicaf operating con-ditions. The overall length is 14 m. The tunnel has some special featuies to assist the eþ-
ulation of the atmospheric boundary layer. At the upótream end of the working section is'a region where varioùs combinationå of-flow pro."rrìrrg devices can be easily and quickly
inserted- At the downstream end of the working sectio-n, a portion of the tóst area floor is
removable and may be exchanged for a second floor unit. The test area is senriced by a B-component traversing mechanism which allows the remote positioning of probes anywherewithin the area.

The flow conditions in the working section are satisfactory for a wide range of building
aerodynamics studies. The characteristics of lhe fan allow a wide variation oipo-", factorwithout a significãnt loss in maximum velocity. Full-depth atmospheric boundary layersimulations up to 1/500 scale and part-depth iimulations up to 1/200 scale are practical inthis tunnel.

1. Introduction

The study of building aerodynamiis in model scale requires that the atmos-
pheric boundary layer appropriate to the environment of the building be sim-
ulated in a wind tunnel at a convenient r cale. Early si¡nulation methods em-ploying graded blockage, grids of rods or slats etc., were developed for use in
wind tunnels with short working sections, originaliy designed fór aeronautical
applications. These early methods have largely been supeiseded by more com-
plete and accurate methods which achieve thà acceleraied growth of natural
boundary layers over rough su¡faces. This has resulted in a-second generation
of wind tunnels, designed for the one application and tailored to tñese simu-
Iation methods in terms of working section dimensions and power factor. In
meeting the particular requirements of this application it is iossibte to evolve
a more simple and economic design than for a versatile geneiat purpose facility.
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2. Choice of siTe a3d..confjguration ! :¡ . ,,i;.ii,.i _ ,i. ,, ..r :l;', r ¡, '-
j,.i . .:. . . :.t. i' Thë'Ëitê-of the hevi'wind tu-npél fot'wind loading gtudies.pi the Rüüaing" R.reå¡'ch Estabhèhmè'nt is aciosÅ one end of a large"trigtr-rôorgd hbqratory:.

': Efperibhce had show'ii'tnat Íun-aepth sirpulationi.,p ão 1/500 scale (Counihan
[1] ), and.part-depth simulatiôns up'to t/200 scalb (Cook [2] ), $¡ere'practical

X 4.5 m long (Cook [3] ), but
Thus, a ? \n,wide"X I m high working
the BRE wind tr¡nnel. There was', ' atory (16 m) to allow an open{ircuit
designed with ca¡e. 4t the range. of
to the l*ge losses.through the ha¡d-

ds, the additionat contribution of an
with np attempt at difh¡sion before
atgry.was large, the problem of air tem-
sed-ci¡cui!, c gpfigUfations wa.s avoided.

(: . - , ., ,'i]. i '''.:.1 '' ""i
3. Descriptiori of the'tunnel i ., , L:.
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ratio. It is necessary to stabilise the flow separatin! from tlìe wall åffosite ttre

t ¿ 
'" ":. 
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3.2 Worhing.sectiört ' ! "¡ it r\'; '

The'
simila¡

1: A num tY'

to 400 mm:may be inserted toa tötal
i either side'of the tunnel. Va¡ious com

a,s gau2es, gridr, barriêrs,'etc., may be i
a tyfìcal frame partially inserted. Do

'is 4 m of plain working section intó"w
ber inberted tb give a rough floor sirrfac
following plain working section were constructe{ 

çntirely o-f, wood and are
supported at L-m intervals by steel tre itles.

The main test area is the last 3 m of
of a free-standing steel frame clad wit
thr'ðfuh a 2-m-wide door on eith'er'sid
glaätfrÍ oúer the tuti height of flie
pantil alotig the ceiitre-line of the
A 2¿in-squarrirportion of the tebtiâiea
and may be exchanged for alÉ'èrnative
a deqi box on a wheeled trcilþ and

' pressufb seal against the worlifng s'ét,
pressure difference between the working section and the atmosphere are
reacted by the box and not by the test area floor or any building model let
into it. This anangement allows Uuitdilg mq-dels on thick bases (i.e. typical
"diqÞlâV" models) to be mounted ftui4 wittr the floor. Two floor units.have
presently been constructed, one of which is equipped with a f .ZS---ãiàt*i.t
turntable.'

Thep¿ovision of a motorised 3-component traversing mechanism permits
r the remote positioning of probes anywhere in the test at'ea. The rails and gantry

for the two horizontal motiond are õonhined within the tcip 65 mm of thã
test î¡ea. A DISA Type 55H01 traversing meòhanism is cdhied on a telescopic
strut for traverqlng in" the vertical direction.

I

3.3 FaæHW werplant and. outlet- :'
From the downstream end of the working section, the tunnel cross-section

n changed from rectangular to circula¡ in a 2-mlong transition section" A
flexible anti-vibration joint connects the transition section to dtr. t"à inlet.
The fan'is of the centrifugal type with backwg¡fl-facing 4epg-foi|-section blades.
Fou¡ particular attributes of this type of fan were crucial tó its choice.
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nij.å: Fto* prôcqç
(partially inserted).

ing section, showing- perforated wall (inser,ted) and turbulence grid

(1) It will operate over the wide range of power factor resulting frorn the
use of the various simulation methods.

(2) It will accept inlet flow conditions with large velo.city gradiehts and
high turbulence intensities. ;i,. :

e signals with qohe¡s¡!,periodic noise,
, ,r,,r ..i,: I r ;

ing m4xi¡4;1¡m utilisation of ;sÞåce.
used in blower tunnels (Bradshaw [5] ),
swi¡l at oratlet w,as exploited;

qleclric,ûrotor through a multiple V-belt
ction. The motonspeed.is regulated by a
and is infinitely variable from 0 to 1500

.,- * rr:Ji. -
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Fig.3. Insertion of floor unit into working section.

f.

The flow is exhausted vertically upwards from the fan volute into a- "dif-
fusing cascade". The function of this cascade is to rçdtrce the velocityugf the
rettun flow in the laboratory. No attempt is made to recover the dynamic
presstue. Seven curved aerofoil blades on each side of a centre-line spli$er

,, tu¡n,the flow- progr,essively'throughY É increm eúts to ê{$}!st the, flöwiadiat-
ìv over a 180o arc.

r*,:PèrfOr.ttriä'nee''; j ' ¿' !''1 tì': i¡ 1'i'"' ::lÈr-!-' ''i
,r':j., . t,JL.'i .",-:.. ,i;i.' f 

"' 
lJ

.l -J./r#/o w thnòIig¡'inlet box 'I"' r';)ì.. 'r' l' '¡ Ê "" 1'

A diagram of the flow is shown in Fig.4._Th
screen is faster rìext tö,the betlmouth¿('â) than
side the box, the flow se¡ s from thê side walló

. r.h:sugh gO'andjre the etid üyáU (d), fcir
-: rtng:in;the bonr¡e¡.1. w then cbrlVèrges towards

separgtes, ttrlotigh a further 90'and
, ,Eþþt vor , cine bêtween each paü d

lectively ordäx ring rirouird the sta
ljne..of the turrneli''It'is tmrusual to tolbrate regions o

lt*
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tunnel; however, both vortex rin,F are stable and perform a useful'function in
re-energising the boundary layers formed on the walls of the box. Flow enten¡
the honeycomb at a velocity uniform to better than íVo.

4.2 FIow in the workingsection , . ,: Ì: :,, ,

i Calibration of the flow in the worhing section was performed with a plain
.:. gavze of resistance co,iefficient 6pq/,q = 1.6 inserted into the flow processing

, section. Measurements were taken ã m into the working section at the upstream
end of the test area. The distrib.ution of flow veloeity, sþo,wn in Fig.5, gives a
standard deviation of.L.77o. The distribution is approximately anti-symmetric
about one diagonal, reflecting the location of the wind tunnel in the laboratory.

The intensity of the longitudinal turbulence component remains near 0.6Vo
over the majority of the section, increasing to L.AVo in the corners. Similarly,

10

, Fig,4. Flow through inlet box.
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the intensities of the lateral and ve-iticãl tr¡¡bulenöè corrfpörients. r.èinairt nea¡
0,4vo.over ttre majb¡tyof the section, iricrea.sing to L.2voin the "o*b*.----The depth of the smooth-wall boundary layer on the floor at the cbntre of
the working section is 97 mm at 10 mç-t. No residual effects of the boundary
layen from the walls of the inlet bo* could be delgcted'near the tunnel c¿ntie-
line in the mean velocity and tu¡bulence mea¡iurements. The unusual inlet
performs well, since the resulting fl.ow in the working section is entirely satis-
factory as uniform flow for comparison with simulated boundary layer conditior

,4.3 Speed control
The single-turn control potentiometer as supplied with the drive system

was replaced by a calibrated ten-tum version with a clock-face type read-out.
Repeatability was then obtaineil'tó better than 0.6Vo. An aclvantage bf the
particular drive system is that the'.ôontrol potentiometer may be fre-set before
activating the drive,rwhereupon the'tunnel will run up autdmaticatly to the
selected speed.

The characteristics of the fan allow operatiori'bver a widei range of power
factor with orily a small loss in floív Velocity. This is illustrated by f,ig.O,
which was obtained by inserting various cbmbinatioirs of unifortn grlás and
gauzes into the flow processing sectiôù. This property is particular[r.desirable
foi'the intended applications of thïs,ti'ind tunnéT, :'
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'{coustic noise in the test area appea,rs as an unwanted component in pres-
sure signals. Meäsurements of the fluctuations ón the pressure at the static
tapping of a pitot-static tube were made in smooth flow. The di¡ect contribu-
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,tio-¡r o.f the fan, i.e. fltrctuations corrêtated to the rotaùional speed of the fan,
was not found t nt. Howèver, a on,does

,I occür a¡i n¿uroril t frequencies w 8 to 10 Hz
" indep.endent pf and fan speed. nce of the .

.. tqrnnel as.an orgari-pipe at the fundamen'tal frequencSr,' One.rf¡ajor source of r,

excitation lvas found to be panel i'ibration of the inlet box. Remedial meaÍ¡ures
are being taken to decouple the excitation, principally by adding maÁ¡s to the
rear wall of the inlet box.

In the meantime, the level of the acoustic"nôise is equivalent to an rms
., pressure coefficient.of. p'/q = 0.16; this is sufficiently large to present a problem

when dynamic pressure measurements, especially conelatio-ns, are being macle.
Electronic fittering, i.e. band-rejection between 8 and 10 [Iz, is not a satisfac-
tory solution as the flow-indubed fluctuations in the same frequency band are
also lost. The only þractical approach appears to be subtraction of the acoustic
compopent from the measured pressure. Provided the acoustic pressures do
not interact with the flow, three methods are applicable. The acous,tic com.'
ponent 44y be subha'cted: i \

(1) Mechanicalty; by using the fluctuating static pressure as the backing
pressure'ol th tunnel is of the operi return type and i
operates with static pressure below atmoçpheric pressüre,

'',,tþb woul{ be ake the reference static. pr'essure indepen-
of all transducers respond dynamically

ij

noise signal : with. another tr.ansducer

circuit. : i , -dasu¡ed using'an analogue difference

(3) Mathematically; by acquiring the .oìr. signal *'rn ir), but subtracting
it from the signal to be measured during the analysis stage.

The second of the three methods is'being iused c.unently, with eiectronic
difference circuits wh ich are normally empl

ot-wiie signals.
oyed to separate the turbulence

comppnents from X:probë tÌ Providin g no .phase differences
induced, the coherent compbnent óf the acoustic,,noise'signal is removed,

10

TABLE 1

r1

are

':|rfoiss::[syels in laborator.y; rrteasured in dB(A)

Position in Iaboratory Tunnel speed 7o of maximum

ÙVo 33Vo 66Vo lÙOVo

1 m from motor
window, motor side
f'low processing section, motor side
flow processing section, other side
window, other side
1 m from fan

77 78
7l
?o
68
68
69

8 2 'gri
'89
88
88
89
91

69
68
67
65
65

79
78
79
78
81

* Lr
, j1'iÌ ttr
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leaving oùly incoherent high'freqrleney components at a level of p',/q = 0'06'
,Th; environmental.-noisã levels in tne labo¡atory were also rireasured around

, the tunnel and the results are presented

sources, the main fan and the auxiliary
isldomina¡'rt at speeds below approxim
defenders is advisable at or near maxim
tunnels,.howevei, this tunnel is only'1n

5. Data acquisition and analyçis , I

Data from three types ãf ,n.u..,rement will be u.qi.rir"a iri the wind tunnel.
', Velocity më¿Ëurements will be made using linea¡ised constdnt'temperature
' hot-wi¡ã anemometers. Prepsure rqeasurements will b^e made witli miniature

flush-diaphragm transducers mounted either.directly in the walls of building
..models or multiplexed through pressure-scanning switches. A dynamic balance

hæ:been designed and is cunently,under cohstruction which will allow the

simultaneous measurement of loadi in two mutually perpendicula¡ horizontal
di¡ections and;of moment about a vertical,axis at frequenciêS in excess of 50 Hz.

Because of the high rate of data acquisitiôn made possible by the conhac'
tion of the.time scale in ttre simulation p! the atr4ospheric b'oundary layer, it

i' is,intended to analyse the data fro¡n the'tunnçI in real time, using an on-line

dlgltal ;data processor. Analysis sof,t
time cor¡elation and frequency spectr

'' ''somb of the mechanical'functions of,t
' of pressure switches and operation öi-

tion and performance of the data acq
reported in due cotu'se. , r, -;i

rj l , i . .r,','í.6. Reproduction'of the 'facility , i i

lft f

detail design and all construction work were performed by staff of the
Building Research Station using the Station's facilities. Workinþ drawings
rvill be available from Building Research Advisory Service on¡eqHest.
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Nomenclatu¡e

Change in static pressure
Dynamic pressure = rrh p ú
Mean velocity in working section
r.m.s. pressure fluctuation
Density of ai¡

aPo
q

U
p'
p
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