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Abstrac t:A three-dim ensiona l non-hydrostatic num erical mode l based on k -ε turbulence closure has been u sed to sim ula te the pe-

destrian w ind fie lds around the p roposed ta ll bu ildings in Beijing. Themode l results a re we ll ag reed w ith those of thew ind tunne l expe r-

im ents. S ince num erica lm ode l can p rovide the de tailed flow fie ld da ta, it has a great advantage com pared w ith thew ind tunnel experi-

m en t in accurate ly eva luating thew ind e ffec ts on pedestrian. Furtherm o re, advance compu tational techno logy has m ade the num erica l

m ode ling becom e fast and cheap. It is be lieved tha t the num erica l sim ulation w ill play an increasing lym ore im po rtant ro le in the com ing

yea rs.
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1　Introduction

It is we ll know n tha t the existence o f one o r a

group of tall buildingsmay change the flow field, and it

has adverse influence on the com fort o f pedestrians.

Production o f corner vo rtex shedd ing, ho rseshoe vor-
tex

[ 1]
, and o ther w ind effects a re one o f the impo rtan t

reasons fo r the occurrence of the areas o f h igh w ind ve-
loc ity and turbu lences. Pedestrian com fort ability is o f-
ten an important design parame ter to be considered by

the building owne r and architec.t

It has developed rapidly in the la test decade tha t

the me thod o f calcu lating flow a round blunt body in

compu tational fluid dynam ics (CFD) applied to simu-
lation of f low around build ings in the atmosphe ric

boundary layer
[ 2 - 3]

. T rad itiona lly, the evalua tion o f

w ind environment re lie s heavily on w ind tunne l experi-
men.t How ever, CFD and the compute r capability have

been developed so fast in recent years that numerica l

simulation can now be made mo re econom ica lly and

yie ld more comple te and accurate resu lts. Fo r an exam-
ple, where as w ind tunne l experiment can only give

w ind velocity da ta at lim ited number of poin ts, the nu-
mericalmode l can g ive comp le te contour lines o f veloci-

ty and turbulence level
[ 4]
.

In this pape r, non-hydrostatic equations based on

k -εturbu lence closure are used for simu la ting the flow

field around the proposed tall buildings in Beijing.

Compa risons are exam ined between nume rical simu la-
tions and the w ind tunne l results.

2　Numerica lm odels

2.1　Equations, boundary and in itia l cond itions

In the numerica l simula tion, the atmosphe re is as-
sumed to be neutra l w ithout the rmal e ffects, so the

thermodynam ic equation is neg lected. The Navier-
S tokes equation is Reyno lds-ave raged in w hich varia-
b les are split in to mean and fluctua ting componen ts.

The turbu lent k inetic energy and its dissipation rate are

the ou tputs of the mod ified mode l
[ 5]
. The properties

are fixed constants at the in flow boundary, wh ile in the

open-ended boundaries the gradient continu ity condi-
tions are adopted. The in itia lw ind profile is described

by powe r law u( z) =u10 (z /10)
p
, where u10 is the

w ind speed at 10m above the g round;p =0.26 under

the neutra l cond ition.

2.2　Computationa l domain

The proposed ta ll build ings in Beijing mainly are
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composed o f Building A , B and C w ith the he ight o f

71m , 71m , and 6m respectively. There are some exist-
ing buildings (D ～ I, he ights 40 ～ 80m , see Fig.1)
su rround ing A , B and C. The compu tational domain is

300m ×500 m ×200 m w ith even grid mesh of 2 m.

The tota l g rid numbers is 151×251×101.

F ig. 1　F low fie ld a t 2 m above ground.

3　W ind effects on pedestrian

In general, the eva luation o f w ind effects on pe-
destrian is based on tw o factors:w ind speed and fre-
quency. The w ind speed directly a ffects the com fort

level of pedestrian. The Beaufort Scale
[ 6]

gives a c las-
sification o f the w ind speed effect on pedestrian, and

the w ind speed is ave raged over 10 m in a t 10m above

the ground. Recently, w ind tunnel experimen ts show

that the w ind speed shou ld include the effect of w ind

gus.t The e ffec tive peak gust upk can be exp ressed as

upk =um +gurm s , where um is the time ave raged w ind

speed, urm s the w ind tu rbu lence in tensity, the gust fac-
to r, g∈ [ 1 , 3] . The d imensionless fo rm ofupk is de-
fined asR =upk /u10 =um /u10 +gurm s /u10.

The othe r factor o f the w ind e ffec t on pedestrian is

the occu rrence frequency of such w ind. The crite rion o f

w ind frequency e ffec t on the pedestrian compo rt leve l

may va ry w ith differen t person in different reg ions.

How eve r, many researchers propo sed sim ilarly gene ra l

crite ria, which can be used as a standard. In th is stud-
y, according to the situa tion considered, Davenpo rt's
crite ria are adopted

[ 7]
. It is also different for the crite-

ria o f the w ind effect on d ifferen t pedestrian activ ities

(such as sitting, stand ing, and w a lking) in the reg ion.

4　Numerica l smi ulation results

W e calcu late the flow fie lds and compare the re-
su lts w ith those of the w ind tunne l experiments under

northw este rly and sou thw este rly w ind.

W hen the w ind is no rthw esterly, flow fie ld

(Fig.1a) can be div ided in to three flow patterns:w ind

channe ling flow , corne r flow and lee side vo rtices. In-
creased ve locity due to thew ind channe l effect between

tw o la rge buildings (such as Building D and E1 , E2

and B) is clea rly seen. Corner flow mainly occurs a t

the upper corners of the build ings, namely Build ing D'
s and B's northeastern co rne rs. The buildings result in

a highermean w ind ve locity. V ortices are usua lly loca-

ted behind bu ilding s. Two c lear vortices and a weak

vo rtex appea r behind Building D and B respective ly. In

the vo rtex area the w ind velocity is low er, while the

tu rbu lence intensity is usually higher due to vortex

shedd ing from the co rne r. An interesting phenomenon

shou ld be no ted. Because no rthwe sterly w ind blow s a-

gainst the broad side of Build ing E1 and E2 , it gener-
ates a strong vortex. This is the reason why thew ind in

fron t o f Building E1 and E2 at the pedestrian leve l is

blow ing downw ard and aw ay from the buildings, contra-
ry to common expecta tion. These de tailed flow field in-
formation are difficu lt to ob tain w ith w ind tunne l experi-
ments because they require measurements a t m any

poin ts for long time periods.

A lthough the above flow characteristics for north-
weste rly w ind also occurs for southw esterly w ind

(F ig.1b), the locations of co rne r flow , w ind channe l

effect f low , lee side vo rtices and the strength of ve locity

are c learly changed.

D imensionless peak gusts are show n in Fig.2. A c-

co rding to C ocharan et al (1993)
[ 8]
, the value dis-

played in Fig.2 shou ld not exceed 1.15 ～ 1.20 fo r pe-
destrian com fo r.t This value is on ly slightly exceeded in

a sm all location near the proposed new build ing s A , B

and C , but inmany locations around the existing build-
ings the dimensionless peak gust exceed this va lue.

Therefore, some improvements should be considered in

the future deve lopmen.t

F ig. 2　W ind speed ratio at 2m above g round.

a:northw este rly w ind;b:southw este rly w ind
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5　Compar ison w ith the results of the

w ind tunne l expermi ents

The w ind tunne l expe riments we re ca rried ou t in

the boundary layer w ind tunnel in Peking Unive rsity.

Pedestrian w ind conditions we re measured by therma l

anemome ter. The diagramma tic sketch is shown in

Fig.3. The samp ling po ints are loca ted at the leve l o f

10mm above the ground or roof o f Building C. A good

ag reemen t between compu ted and w ind tunne l results

can be identified (F ig.4). The corre lation coefficients

are 0.75 fo r northw esterlyw ind and 0.84 fo r southw est-
erly w ind. This revea ls that this mode l is capab le o f

simulating flow fie ld in urban area.

F ig.3　D iag ramm atic ske tch of pedestrian level w ind

conditions m easuremen t in the w ind tunne .l

F ig.4　Comparison of w ind speed ra tio R be tw een nume rical

simu la tion and the w ind tunne l expe rim en ts.

6　Conclusions

The pedestrian w ind environment a round propo sed

tall build ing s in Be ijing for the northw este rly w ind and

the southw esterly w ind has been carefully investigated

using nume rical mode l based on incompressible equa-
tions. The re sults of this mode l are w e ll agreed w ith

those of thew ind tunne l expe riments. Numerica lmode l

has a g reat advan tage overw ind tunne l test to accura te-
ly eva luate the w ind e ffects on pedestrian and o ther en-
vironmenta l issues since it can provide the de tailed flow

field data at every location. Furthermo re, advanced

compu ting techno logy hasmade the nume ricalmodeling

become fast and cheap. It is believed that numerica l

mode l is amore econom ical and fast too l to evalua te ur-
ban w ind env ironmen.t
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Abstract:The Pearl RiverE stuary w etland in the deve loped reg ion w as selected as the study ing ob ject in this the-

sis. The integrated approach including the remote sensing and geography informa tion system (G IS), the fie ld sur-

vey, and co llec ting h isto ry dataw as adopted to ana lyze the spatio-tempo ral evo lu tion in recent tw enty years. In the

w e tland classifica tion o f east and w est shore o f inner L ingding ocean, taking ERDAS softw are as the f lat roof, grada-

tion and classificationme thod based-on know ledge we re adop ted. Themain conclusionsw ere summed up as follow-

ing:(1) It is a great advan tage to study the w etland landscape evo lution using remo te sensing and G IS in the re-

gional scale of the Pearl Rive rE stuary. The gradation and c lassification method based-on know ledge can overcome

the shortage o f human-compute r alternation translation w ith eyes, rea lize the goa l o f classification for g reat reg ion

and themo re tempo ra l images, and also fu lfill the landscapemapping. In this paper, the to tal classifica tion reso lu-

tion reaches 85 pe rcen t, the coe fficient of kappa exceeds 0.8. (2) The results indicated tha t the areas o fw etlands

reduced 12270 hm
2
during the period o f 1988 to 2004. The propo rtion of we tland accounting for the research area

descended from 43.4 pe rcen t in 1988 to 40 percent in 2004. The land use conve rsionm atrix analysis indicated tha t

91.92 pe rcent tidal flat, 80.43 pe rcent dike-pond, 62.21 pe rcen tmang rove forest, 54.63 pe rcent reservoir, and

13.06 pe rcent river transferred into o ther land u tiliza tion from 1988 to 2004.

Key words:wetland landscape;estuary w e tland;remo te sensing;Pearl R ive r estuary
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摘　要:采用基于 k -ε湍流闭合方法的数值模式对高层建筑周围行人风场进行模拟 , 与风洞实验结果吻合。数值模式能

够在每一个计算格点和每一个时间段提供流场的详细信息 , 因而 , 在准确评价行人风环境或者其他风环境问题上比风洞实

验更具优势。随着计算技术的提高 , 数值模拟已变得更为快速经济 , 并成为研究城市风环境的有效手段。

关键词:数值模式;行人风环境;风洞
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