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Abstract A three dinensional non hydmwstatic num erical modelbased on £ —€ wibulence closure has been used to smulate the pe
destrian wind fields amund the poposed tallbuildings n Beijing Themodelresults are well agreed with those of thewind tunnel exper
ments Sice nunericalmodel can povide he detailed fbw field data ithas a great advantage can pared w ih thew ind wnnel experi
ment in accurately evaliating thew ind effects on pedestrian Furhemomw advance compu tational technobgy has made the num erical

modeling becom e fastand cheap It isbelieved that the num erical smulation will play an ncreasinglym ore m portant rok in the com ing

years
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1 Introduction

It is well known that the existence of one or a
group of tall buildingsmay change the flow field and it
has adverse nfluence on the cam fort of pedestrians
Production of comer vortex sheddng horseshoe vor
tex ', and other wind effects ae one of the m po rtan t
reasons for the occurence of he areasofhighwind ve
beity and tibulences Pedestrian cam fort abiliy is of
ten an mportant design pammeter to be consdered by
he building owner and architect

It has developed rapidly in the latest decade that
he mehod of caleulating flow awund blunt body in
cam pu tational fluid dynamics (CFD) applied to simu
lation of flw awund buillngs n the amospheric

"9 Traditonally the evaluation of

boundary layerl2
wind envionment rlesheavily on wind tunnel experi
ment However CFD and the canputer capabiliy have
been developed so fast n recent years hat numerical
smulation can now be made mowr econanically and
yield more canplee and accurate esulis For an exan
ple where as wind wnnel experment can only give
w ind velocily data at lin ited number of points the nu

mericalmodel can give canp kte contour Ines of veloci
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ty and wrbulence evel .

In this paper non hydrostatic equations based on
k — € twibuknce closure are used for smu htng the flow
field around the pwposed tall buildings in Beijng
Canparisons are exan ned between numerical sinula

tions and the w ind wnnel results

2 Num ericalm odels

2.1 Equatbns boundaty and initialconditions
In the numerical smulation the amosphewe is as
so the

hemodynan ic equation is neglected The Navier

sumed to be neutml wihout themal eflects

Stokes equation is Reynolls aveaged in which varia
bles are split nb mean and flictating canponen ts
The wibulentk netic energy and its disspation rate are
he outputs of he modified mode[”
are fixed constants at he nflw boundary whik in the

The properties

openr ended boundaries the gradient contnuily condi
tions are adopted The mnitialw ind profile is descrbed
by power law uz) =uwuo (z/10)"% where uy is the
wind speed at 10m above he gound p=0.26 under
he neutml cond ition
2.2 Camputationaldaman

The poposed tall buidings n Beijing mainly are
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canposed of Building A, B and C wih the height of
7lms  71m, and 6m respectively There are same exist
ng buildings (D ~ 1 heights 40 ~ 8(n,
surround ng A, B and C. The canputational danain is
300m X500 m X 200 m with even grid mesh of 2 m.
The total grid numbers is 151X251X101

see Flg])

(a)northwesterly wind

(b)southwesterly wind

y/m
y/m

xX/m xX/m

Fbw field at2 m above gound

3 W ind effects on pedestrian

In general the evaliation of wind effects on pe
destrian is based on wo factors wind speed and fie
quency. The wind speed directly aflects the cam fort
level of pedestrian The Beaufort Scalé ‘ gives a clas
sification of the wind speed effect on pedestrian and
the wind speed is averaged over IO mn at 10m above
the ground Recently wind wnnel experinents show
hat the w nd speed shoull inchide the effect of wind
gust The effective peak gust yx can be expressed as
Upk = Uy, + QUUms where u,, is the time averaged wind
speed Uy, the wind wibuknce ntensity the gust fac
by g€ [L 3]. Thedinensionless fom ofu, isde
fined asR =uy At1o =t A1 TQlhm s Aly.

The other factor of the wind eflect on pedestrian is
the occurrence frequency of suchw ind The criterion of
wind frequency effect on the pedestrian canport level
may vairy with different person n different regions
However many researchers proposed similarly geneml
crieria which can be used as a standard In his sud
% according to the sitation considered Davenport ‘s
crieria are adopted”]. It is also different for the crite
ria of the wind effect on different pedestrian activ ities

( such as sitting standing and waking) in he region
4 Numerical smulation results

W e calculate the flow fields and canpare he ©
sults with those of the wind wnnel experments under
norhw esie rly and sou tw esterly w ind

When the wind is northwesterly fow fiel
(Fig la) can be diviled nb three flow pattems wind
channelng flow comer fow and lee side vortices In
creased vebcity due b hew ind channel effect between
wo lage buildings ( such as Building D and E;, E,
and B) is clearly seen Comer fbw mainly occurs at
the upper comers of the buidngs namely BuidngD '
s and B s northeastern comers The buildings result n
a highermeanw ind velocit. V ortices are usually loca
ted behind buidings Two ckar vortices and a weak
voriex appearbehind Building D and B respectively In
he voriex ara he wnd velocity is lower while the
uibuknce intensity is usually higher due to vorex
sheddng fran the comer An interesting phenamenon
shouH be noted Because northwesterly w nd blows a
gainst the boad side of Buidng E; and Ep,
ates a stong vortex This is he reason why hew ind n

frontof Building E; and E; at he pedestrian Evel is

blow ng dow nw ard and aw ay fum the buildings contra

it gener

1y to canmon expectation These detailed flow field i
fomation are difficult to ob tainwithw nd tunnel experi
ments because they require measurenenis at m any
points for bng tine periods

A lthough the above flow characteristics for norir
weskerly wind also occurs for southwesterly wind
(Fig. 1b),
effect fow,

are clearly changed

the locations of comer flows w ind channel

lee sile vortices and the stiength of ve beity

D mensionless peak gusts are shown in Fig.2 Ae
cording to Cocharan et al ( 1993)[8], the value dis
played in Fig. 2 shouH not exceed 1.15 ~1.20 for pe
destrian can fort This value is only slightly exceeded n
a sn all beaton near the proposed nev buidngs A, B
and G but inmany locations around the existing build
ngs the dimensbnless peak gust exceed this valie
Therefore sme mpwovements should be considered n
he future deve bpment
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Fig 2 W ind speed rato at 2m above ground
a nortlweserly wind h southweserly w ind
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5 Camparison with the results of the
wind tunnel experiments

The wind wnnel experiments were carred out in
the boundary layer wind tunnel in Peking Unive sity.
Pedestrian w ind conditions were measured by themal
anananeter The diagranmatic sketch is shown in
Fig.3 The sanpling points are locaed at the level of
10mm above the ground or wof of Building C. A good
agreement between canputed and wnd tunnel esulis
can be identified (Fi.4). The corelation coefficients
are 0. 75 fornortw esterlyw ind and 0. 84 Hr southw est
erb wind This weveals that this model is capabk of

smulating flw field n urban area
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Fi.3 Dhagmmmatic sketch of pedestrian level w ind

conditions m easurement in the wind tunnel

Wind speed
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Fig.4 Comparison of wind speed matio R bew een numerical

smu htion and the wind wnnel experin en ts

6 Conclusions

The pedestrian w ind envionment awund propo sed
tall buil ngs in Beijing for the norbweserly wind and
the southwesterly wind has been carefully investigated
using nun erical model based on incanpressible equa
tions The mesults of this model are well agreed wih
those of hew ind wnnel experments Numericalmodel
has a great advan tage overwind tunnel test to accuraie
ly evahate the wind eflects on pedestrian and other en
vionm ental issues snce it can pwovide the detailed flow
advan ced
cam pu ting technobgy hasmade the nunericalmodeling

field data at every bcation Furthemom

becane fast and cheap It is believed that numerical
model is am ore econam ical and fast bol to evaluate ur

ban w nd environm ent
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Abstract The Pearl River E stuary wetland in the deve bped regbnwas selected as the studyng ob pet n this the
sis The integrated approach including the remote sensing and geography infomation system (GIS), te field sur
vey and collecting history datawas adopted to analyze he spatio temporal evolitbn n mcent wenty years In the
wetland classification of east and west shore of inner Lingding ocean taking ERDAS sofiw are as the flat mof grada
tion and classificatbn m e hod based on know ledge were adopied Themain conchisbnswere summed up as follow
ng (1) It is a great advantage to study the wetland landscape evolition using wmote sensing and G in the 1
gional scale of the Pearl RiverE stuary. The gradation and classification m ethod based- on know ledge can overcane
he shortage of human canputer altemation tmnslation w ih eyes realize the goal of classification for great region
and hemorwre tempoml mages and also fulfill the landscapemapping In this paper the btal classificaton resobr
tion reaches 85 percend the coefficient of kappa exceeds 0. 8. (2) The results indicated that the areas ofw etlands
reduced 12270 hm’ during he period of 1988 © 2004 The proportion of wetland accountng for the research ara
descended from 43.4 percent n 1988 b 40 percent in 2004 The land use conve rsion m atrix analysis indicated that
91.92 perent tdal flat 80. 43 percent dike pond 62. 21 percentmangwove forest 54.63 pewent reservoir and
13.06 pewrent river transferred into oher land utilizaton fran 1988 © 2004

Key words wetland landscape eswaly wetland remote sensing Pearl R iver estuary
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