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Wind and t urbulence profiles in a simu lated
wind t unnel boundary layer
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AOSTR ACI. A system 1,)( l lo neycourb Hal Plate ( Ht:P) grid a nd cylindrica l rods has been developed to
accele rat e th e p: n ' ''''t h of a thick ( .U em) turbulent boundary laye r, artificially, over ro ugh floor o f a low speed
short rc-a-sccnon 10.111 m n , ll) m) win d tunnel. Simulated profiles uf wind veloci ty, lon gitudinal turbulence
iu.ensitv and Rey11011"- stress ar c ..ho wn to ha ve simila ril)' to th ose o f a neutral atmospheric boundary layer over
a 1\' p : c '~ 1 rural ter rum . Longitud inal spect rum of turb ulence measured at 10. 30 and 100 mm above tunnel floor is
..hiwm to compare \\1,,'1] with at mo sph er ic !'I'CC lrUm a nd agree closely with the Kolmogoroff':s - '1/ 3 law in the
' ncnial ":Jh·r.ln ~.c of the spect r um . Based on the length ...ca lc of lon gitud inal turbulence esti mated from the
spectrum . a ",-',11e of ) :90n has been pro posed for labora tor y mod elling of en vironmental pro blem s wherein the
tra nsport of ma« in a neutra l atmospheric surface layer is....olel ) d ue to eddies of mechan ical or igin,

Ke)' word.. - Atmos pher ic boundar) layer , Wind tunnel . Honeycomb nat plate. HOI win: anemometer
Spec tru m a nalyser, T urbulence •

o ver a rough !lOOT d ownstream of H FP are evalua ted
with resp=~t lo thei r simila rity o those o ver an adiabatic
at mospheric bounda ry layer.

2, B:l'iic approach 10 II FP gr id and C\pcrirnt'flla' details

I. Introduction

Lahoratol'\,.;imIlLu illl1 l)r ~l dia hi.llic atmospheric boun ­
dary laye r in\ \'ind 1.1l1lel~ i.. a . p rC' - r ~ q ll i !, i t .: ~ o model the
c nviro nrneut .rl problems j l ~: drspc rsrou ora l ~ poll uta ~t s ,
flow cha rac te r isuc s in \\ I I\J. m ci gy a nd wind loadin g
st udies. It cm nloys the techniq ue of developi ng a thic k
bo u ndary layer n a .urall y over a long fetch or ~?~gh n~~ ~
in a Ion!.! win 1 tll ·\n :1 (Cer,nak 1970), or art lhcla lly I II

sho rt t .:st as'.:c .ion \\i nl! t un n.:ls hy m~ans of grids, roos.
plat es. ,orle , gon:rai"'s (L10~ d 1967.. C~)unihan 1969.
Coo k 1978. O kam '!l' 1 9~6. 19X7J. M aJorn y 01 ccnlem­
porary sim ubtion rn'':lhous, .:mp l,oy th : techniq ue com­
promisin£ b':h~ c:n t hl:' 1\\0 In \\ hldl a, na tural ,bound:try
lay~r i, all o \\ eJ. to tl ~· v .::l (lp ov .:r an II\ te rrn~d l<.l tc leng ·,h
of rough wa ll an:.. givin g an init ial sl a r t by m~ans o f
barrier s ano m ixing d.:\ icc '\.

The g,:omotry of the barrier and mixing device and its
POSIl10~ In t il:: sl r~a m of a ir Om\' d ecid e the distribulio n
of vcJoelty and I~rbuleneo downstream of it. Lloyd (1967)
used a n array 01 l1at pla tos to produce shea red turbulen t
110w : but tho rosullant sealo ,?f turbulen ce produced
\..as s,ma ll. The sca l~ a nd d ecay Of t urb ulenl'e downst r~am
of gnds or honeycombs arc rclatl:d to the mesh size
(Ta~ lor 1960). Th orefo,". ad o ,ot io n o f a gra ded honev­
comh t.o pr"duee sh,urod t urhulont 110w is a p" .cticil
propoSlllon (L a wson 19681. Th, choice of eomhin ing
grade~ hono>,eomb wit h un a rray of l1at pla tes in thi s
expz n ment IS basc~ on t he reasoning lhat, as in the

In l he present sl udy. u Ihic k ho un da ry layer is develop- !"'tu,,!1 atmosphcrlc houndaly laye r. the turbulence
cd in a s ho rt t':sl section \\·inti l un n~ 1 using two cylindrical mtens ll~' close to lh e noor s ha ll b;: la rger and a lso
rods a nd a Ho neyeo mh F1al Pla te (IIFPj griJ us a ha rr ;"r d·,ereUSlllg s m,' ot hl)" with h ~ight in the wind tunne l
cum mixing tl:.:vic·:. Characl~ri s lic s of pro fik s o f mean si mu lat ed boundar y lay.:r, Honeycomb is, lh erefo re.
velocity. lo ngitud ina l Ill rblllenee in lensi ty, Reyno lds graded with cells of two di fferent di mensi ons: C ells
st ress a nd spectrum o l lo ngil uJ ina l turhutence generated of (',35 mm sizt" (to prod ltC Z ~ J1la ll eddies) a re fixed at a
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