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ABSTRACT
(Tirkge) B
Bu aragtlpma;]binalar etrafindaki hava akimlarini incele-

yerek mlmarxd: nygulanabilecek bazi pratik sonuglara gitmeyi
hedef almagtx# :

Gal;gman emgthﬁu, rlizgar tinelinde, duman deneyimleri
ile hava pintintollsazlayerpk. aynl 'véya Tarkly
srasindeki akimi incelemektir. Dort ana
“‘a@ &euayim yap1lm1gt1r. Her deneyimde

mekle elde eu: ;;gallellmza, degrudan gozlem yapilemamlsg-

etki eden have akiminin big¢imlerini,

im1, akim yogunmlufu, c¢isimlerin arka ”
ri), girdaplar, yanel akaimlari, ortali
;lama ve yiseysel akam gibi grupler altain-
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k. miktara Slgiisel olarsk septamamadija
amean bam tlgekte (gexqek) de destekleyici galis-

malar Jﬁ#&;‘ X ;‘ Sadece dahe ince benser galismalarin

4] ,1&at1rllmle qeliﬁkili sonuclar alinmadipa,
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- ABSTRACT

(English)

This investigation had been done to study air flow
patterns around buildings in order to obtaln some practical
results far u“’ ¢ in architecture.

The metheﬁ
zation (by P
There were 60 ceses of experiments mainly in 4 groups with 2
buildings, having different heights and distances between
them under thres different velocities, The coneluysion had
been tried to. j;\aahieved by examining and analysing the
£ilm of the experiments.

The enslysig hsd dealt about types of flows around buil-
dings; aeparati n of flow, jet flow, intensity, wake of the
bodies, vortices, horse shoe vortices, side flows, downwash
and surface flou@

:ﬁhe study was observation of flow visuali-

Since tha eﬂ t of error was unknown and complementary,
full scale expe@iments have not been studied, the efficiency
of studies cauld be checked only by the prsvious experimenta
which show similar results.

At the end of the study, it has been adviced that, the
further studies should be done in more better conditions of
experiments wi#h parallel studies of numerical measurements.

v

ﬁtésts) over the buildings, in a wind tunnel.
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I. 1. INTRODYGTION

Nowadays;”gver&iversification of knowledge and science
-'is the\pesulty?fJﬁncrease of the rate of accunulation of
knowledge 35& §§purtunity to know more with their demand
near by them, Architecture, as becoming more science op

techniqué qhan art is also in the situation of others.

Architecture, as a physical reflection of social
"organisations.in the media of nature ig becoming more and
more sclentifie parallel to other disciplines where in
6ne section men deal with the social and functional
aspectsof architecture, and in the other section they
deal with more physical aspects of it by means of new
technological knowledge and devices. Within this context,
wind, as a natural force affecting the forming of shells,

has a place of its own.

from very early times, wind effects on buildings and
their surroundings are well known. The famous historian
"Vitrivius discussed the effects af towns in the .C.p.g.tl

We can see other examples mo8tly in anonymous architecture
23

(1) 'A Discussion on Architectural Acrodynamics'
' latlonal Physical Laboratory, London, 1971. P+335




2

where chimneys, openings and the location of the buildings

are placed and designed according to local winds.

‘It is apparent that wind loads on all building shapes
are as complex in description as the shapes themselves,.
This cqmplexitjzis considerably reduced if the designer is
familiar with the characteristics of flow around bodies
(buildings, stfﬁcﬁures, etc.) and can use this knowledge
in his desigming process. The prime object of this thesis
study is a trinl of searching this knowledge by means of
some. aXperima!#a in wind tunnel.

Ih is Well expected that this thesls study must be
perceived as a trial of an approsch to an experiment within

ﬁhié saagé, whigh;is done by a Master student who kunows

'her diaaréﬁénﬁy $hin this subject, as being an architect,

and the Bstudy 'n@ at one of the universities of Turkey,
cEiT-ﬁ-, (89& kpp.A.) Although it has been tried to

achieve antﬁcriﬁiﬂism of various aspects of this study
‘within thia repart. other criticisms will be well apprecia-
t&d. ‘

- I¢ 1,24 Ar Mavemnnts Affecting The Architectural

Environment.
Wind has mainly two basic characters, one, being a
force induéer' tha other, a movement inducer to an environ-
ment. Today, building owners, architects and enginecers
are besoming mare interested in the#s environmental
problems they cteate along with their bulldings. 1In

general, we ﬁ&nv¢1&551fy these effeets resulting as advan-

O
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tages and disadvantages. If we briefly}stata:

I. 1;2.1; Disadventages of Wina'EIfaats:

- -They are causes of structural failures (fmrce gffeat)
. lifting roofs ”
. aragglng surface cl&dalngsr

. destructi@a of suspansion bridges (because of

osclllation)

« other dest é aa5ofastructurea ~ damping, dynamie

loading. impaat leading, f‘tigue, eta,
. damage to planbs f
ities of the enviremment
worse | }';v-xi N
. assisting the penétration of water 15 ¢ur£gq9§
. assisting snow accumulation2 | |
. warn of surfaces by dusts and other grainy materials“
. assistlng to lose off heat of buildings
. spreading the dust, smoke and odor
» lifting dresses at pedestrian levals,,iaterrugting”
actlvities5 |
. making troubles to bicycle ridersqané ether drivers
. from leaky windows or attachments to:builﬂings such
as signs and sun c@ntrol devices abiﬁe eéaa with the
effect of wind” |

(2) ABDNIN, ‘Glimate anmd Architecture’ Elsevier Pub.Camp.
NeBehyy 1968, D.179.

(3) Architectural Science Review, Mareh 19?2 ?el.lﬁ.na.l
'Wind Effects Around Builéingt',py9n }

(4) 'A Biscussmﬂn on Archifectural Aerodynaaiaa' National
laberatory,London,1971, pDe 493

e e




. Epraying’fram~n9§$k§“£ﬁuntaina:arﬁﬁaa

. drying out of planting beds

. buffeting of vehicles on adjacent elevated :oadways6

-+ assisting the accumulation of air pollution at
special plaéés

. increasing the effect of air pollution on buildines,

as - a’dirt sourae, a8 & carrier of chemical particlesf?

damage»;
« Others
I.1.2.2. Advantages of Wind Effects:

Although it seems that disadvantages of wind is much,

there are sombraﬁéanﬁag&s also.

. topography and plantation upbh'ft
. shape apd relative location of buildinga

. materia ééifferences

. gthers

(5) Arahiteetumal Saienoe Ro?ieu,ﬁnreh 1972,V01.15 No.l
"1yind Effagts Around Bﬂildings y D9

(6) ARONIN, 'Climate and Architecture' ,Elsevier Pub.Comp.
NeSehe,1968, p.179.




=0, wWe can 8ay tHere ié a couﬁter action or sometimeb
interrelation between &1r movement and its architectural
surrounding. There is a gap of knowledge in thig 3pe31al
aspect and this 4s felt when there is a need %o design
urban centers gnd other big complexes. The problems are

the same in a”ﬂfaauntries and may be more in Turkey as a

developing‘cruﬁtry. Better understanding of behaviour of
air: movementfiauld ‘be d%talned only by full scale experi-
/in wind funnels. Therefore, there is a need %o

study thiﬂ“

-ments

I. 2. TBE i OF THE STUDY

Thia ia a,H ter Thesis Study which must be normally

completed i  year. The study is divided mainly inte

two partas. At the first part, where architectural

research —‘ k 3.501 ~ 8tudy had been completed, is a
research workvié & base forrthe main thesis study, So,
the goal of ARGB.BOI study is to set the conditions,
boundaries and dimensions of the thesis work, while, at
The other part, the thesis study - ARCH.605 - is a kind
of investigation of the field by some experiments. But
because of thernature of the scientific study, there are
some feedbacks - in this case, more detalled research of
the field had been done. So, the sharp border of ARCH,
501 (Ressarch) and ARCH.605 (Thesis) study is diminished

and begame a complete study.

(7)'A Discussion on Architectural Aeredynamies’' National
Physical Laboratory, London, 1971, pp.493.

(8) ARONIN, 'Climate and Architecture' Llsevier Pub.Comp.,
HeSeAs, 1968, p.179.




I QQl‘i&he ARCH,501 Study.(Architectural Research)

| A% bh8 beginkiing
Distribution Ameng Groups of Buildings and Characters of

of the study, the name was 'Smoke

¥ind', Within the aim of this research, air movements,

aeradynamics and their relation to buildings, and wind-

tunnels and thei&-eharacterlstlcs and conditions of the

wind tunnellhglibgen studied, in order to complete the

thesis study.: Aﬁ.the‘end of this study, group of experi-

menté anaﬂﬁﬁ. "ﬁgr ARCH., 605 study have been set down.

tha.fﬁlﬁﬁ ?#&é tunnel=in£reases as a function of

stxﬂigﬁﬁ but after, Emali inerease of RPM causes

. Velooiby
théiéacﬁiéﬁf' .
. Maxiﬁﬁi'@éfoity, which haa been observed in all velo-
.:t»tha bottom of ﬁhﬂ uunﬁol
; knd the velneity is dzxtribuﬁe& ausynuetrically.
The legieal aauaa saams ta Bﬁ thﬂ ahutter of the tunnel
that hes been played auring tha naa:uring.

. These measurements a:@-ﬂkﬁn%gadrﬂith 9% accuracy.

mkin;th& tunnel is not homogemeous all over

citbiﬁﬂ [ 13 g

(9) ARCH. 501 stud& - windssggﬁ'Strusiuzss. Pe37.




.‘," 7
- The experiment groups - soals and objectiveslo
Goal : Some experiments in the wind tunnel to give sonme

criteria of contreol of air pollution and climatic situ-
ation to the designer.
Objectives : Eiﬁgpiﬁgnts in the wind-tunnel will be done,by

the observation of ameke distribution among groups of

buildings and \iﬁgfthe-yariation of air movements

with respédﬁ;
~ buildings ang

in distance heieht of the

Conditions ¢

il (Fig.1)

&

o &"«

A formula cannot bo

f §§ changéﬁ;frégfﬁﬁff§75‘hnd the distance
‘Pows from 25§m%§eﬁ§jcQ aitérnativély
‘ i§B located in 3 difterenﬁ places as if
wipd is biéaiag ffom 3 different directions (Firm,1).

s e e L S - — . -

o Experiment groups suggested in Arch.50?

(10) ARCH. 50} Study - wWinds and Structures, p.46 ‘ ' study.{1/ 100 of full scale)




thsnﬁtﬁg} :

» The smoke pipe has holes of 1 mn diameters and 1 cm
spacing between them, in order to let the smoke as
streaks,

I. 2.2. Development of The Study - The Thesis Study.

At the ﬁéﬁi -i§g,e£ the study, the check of velocities

and their m ation of reality had been done and

seen that 1 'numbgrﬂié‘useless (See PART II.)

ould be useful and this resulted

Tﬁﬁréthe” problem was to obtain

mpvement. These studies

pdel and diminished its sizes
,gﬁﬁ;ﬁanﬁsﬁﬁe number of models, from

, the scale of the model to 30x20xl0cms,
hg dropped about 1200 RPM maximum, and
qadke had been spouted off hose. Then,,
groups of experiments, their situationsa
#fthe simulation had been changed. The

story is % ‘1n'detail in appendix A..

gAt~the‘§§ﬂ; the goal has not been changed much, but
the Ghéﬁ@ti@nﬁ and tools has been changed.,
The New Goel : To obtain the effect of the triple velocity,
heiﬁhﬁ-tﬂﬂ distance on the wind-environment relationship

wvhish are important for city planners and urban architects
as sain veriables of design.

The New ijbctivea : Wind tunnel experiments by flow

-visuali&u#;oa technique. This is a qualitative objeotive

T T TR
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rather than quantitative. So, as a result in conclusion

formulas and functional graphics capnot be offered except

some sketches of flow patﬁerns and their interpretationﬂ.l

The new experiment conditions will be discussed in
detail in PARD  IIL:
Ackoff discussed the research in six phéses:
"1, Pormulating the problem
2. Constructing the model

3
4,

a5. Testing,énd controlling the solutlon

6. Implemeﬁtlng the solution" 11

In this re iarch of experlments, since the goal has
" been put in ﬁhis way, and there 15 no @pp@rtunity to eon-
trol the sol) ions~by fnll scale eXperlments or measure-

ments, the _t two steps have not been ﬁ@ne within the

content of this study.
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II, 1, ABRODYNAMICS AND BUIIDINGS

II. 1l.1l. Wind,

Wind, as an‘environment described by Aronin, ‘The sun
heate the earth, warming it up to cerbain apots moye than
in others, the different temperature give use o uaequal

pressures, variations in pressure induce winda'le

Air, with its molecular structure, has some physicel
characteristics, The molecular adhesive force is much
more than oohesiye forces in itself and because of this
molecular adhesivity, there becomes & force between : = -
alr layers which is - called viscous forces, It is
accepted incompressible under normal conditions, Théé
novement of molecule increases with the increase in%
témperature and, expériments show that the movement of
the particle is different than the movement of the layer
of air.15 In the condition of continuous flow, the
amount of fluid passes through the same section in a .

specific time interval is oonstlni.la

(12) ABONIE, 'Climate and Architecture', Elsevier Pub.Comp.

N iA.’ 1968, p.l79.

(15) Flow Visualization' 'NHational Committee for Fluid Hecha-

nics Fllms 1969.

(14) AKSAN, M., 'Ugus Mekanigi' ITU Yayinlera, TB'B.l‘}ﬁS,
Polgi
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Ii‘ 1,2. Some Concepts About Air lMovements and 1
Aezo |

II..1.2.1, Typas of Flewl5
| Y/ 3

"Flewﬁ4
paths in it

Y-Y A oy i A i y .
51; ghe fluid particles proceed along laminar boundary

eére 18 no transverse component of velo- ] | layer

city gradien { ”inar_flow.(Fig.S) Legminar flow is

e o : . " 0
associated wi: welocities and viscous sluggish fluids, u/u !
pragressign of the fluid-parﬁicles
is irregu fe is seemingly haphazard interchange %
of posit idual<partlclea are subject to fluctua- §
tlng t:ans ,tha% the motion is eddying and turbulent bodndary
sipuous tilinear. Turbulent motion is y/d . | layer
almost at must be studied by taking statispi-
cal aver ‘vébend‘slightly
on the R 1es in & turbulent o 0= . :
‘ : . u/u
: f |
boundary 1
L : 3 LT uE L /p-r . . 5
' oy ) r'ce
?otatlonal ] ow - If each particle has ar velocity , ==
T i S , Boundary layer velocity profiles at law Mach
about its own mass centre, it would be lered rota- ' numbers with no longitiudunal pressure
i .
! aradient.

tional.

Irrotational Flow - The velac nt to the straight

boundary must be uniﬁopgﬁ flow in a circular

path, it may be, shown that ! Llonal flow will only

pertain by providing'the'#eia 7inref3ely prOportional

to the radiuse.

{(15) WEBSER, N.B. 'Fluid &aahaﬁiﬁa for Civil Ingineers’
Great Britain, 1965, Ppe 26-29.

e I I e e e s o
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Bteady Flow - It is said that, it exists when bthe conditions
at any point are constant with respecf to time., Turbulent

flow will never be truly steady.

Unsteady Flow - when conditions vary with respect to time,

Uniform Flow - When there is no variation in the nmagnitude

- and direction of the velocity vector from one point to
another along the path of flow. Both the area of the flow

and the velocity must be the same at every cross—section.

Non-Uniform Flow - Oecurs when the velocity vector varies
with location, a typical example being flow between con-

vergi%g~and diverging boundaries.,
R
Perfect Ilow - Flow without viscosity, namely, outside

the boundary layer.,

IT., l.2.2+ Characteristics of Flow.

 Boundary Layer - The layef of air from the surface of the
body te the sbsence of viscosity within the fluid,(air)l®

The depth of boundary layer depends on the roughness of the
surface. '
In atmosphere, it varies 300 m. in open countrysto

500 m., over large ﬁowns.l7

Static pressure within'the boundary iayer is constant at
a given streamwise 'position and equal to the static pres-
sure just outside the layer., Boundary layer velocity
profiles (at low Mach numbers) with no longitudinal pres-
sure gradient is different in laminar flow and burbulent

flow. (Fig.5). .

£16) AKSAN,M. 'Ugus Mekanizi',lTU Yay.,1st,1955, p.26




Vortex (Fig.6.) - Circulation of air movement. It is

enerally knowntthat they are generated along lines and
surfaces where discontinuities of the flow fleld occur.18

There’are-severgi’types of vortices:
a. Vqrtiees hﬁ#ing g‘aohical form and generated along
sharp edges, |
;‘bslvartiééssvéﬂerated'at the edge of a region of sepa-

| ratlen by a lateral flow compornent .

_fthe secondary flow, beqerated along the

C. Vart;gea"

‘”apnear with suffic1ent amplltude.

"Hoqevbr erat_v_f-etylaf &rchitectural treatments create
pOSSlbllitles for the appearanco of vortlces whlch cause
prQSSure pulsations of varlous frequenc1es and amplitudes.
Jnder certain c0nd1tionu, these vortices may praéuee pul-
saticns”‘ gfficient to break w1ndows and cause fatigue
failure in metal,panels,'and in winds of léng duration to

19

cause discomfort to the occupants,’

—— e e et 4 e e o  —— e e s e -

(17) Building Research Htatlon Current Papers, -xperimental
Techn%gues for Wind Tunnel Toests on iiodel Buildings.
April 1972, b. l.

(18) Wind uffects on ruildings and Structures, Internatio-
nal Research Seminar, Canada, 1967, p.&060

(19) Ibid, p. 463.

4

part span vortex

incipent vortex
7 street

' \ horseshoe vortex

\core
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. Eddy - Eddies are steady edze vortices which can be

generated along the feather edgesv of roofs havings elecmen-

*G’ary forms and modern forms such aé the hyperbolic para-
boloid. |

L stable eddy m.th a horizontal axis Lérms along the
front of the wall at._the base. This eddy is rougnly cir--
cular énd the size ‘&éi)ends primarily on the curvature of

20

the velocity profile.® Turbulent eddy viscosity varies

strongly with hei-gﬁt,» stability and direction.

' Wake (nlg.E ) - *I‘he flow normally saparates @t the sharp

front e&ges and the separat@d flow is united at the pear.

This reglon is calle& wake of the body. The shear along

-:..‘,;1nduces a return flow in the cent:ce,

, hard to 1nvestigate,its real behaviour.

mhere afe seme characterlstica of wake region
. Velocltles much Bmaller than the mean flaw, and
| hence almest uniform presaure en the bo&y surfaces. ;
. Gen.tle flow upstream along the sur.f:&ces.

A negative pressa.re compared ta the Mbient. 521

' Stapnatlon Bomt (Fig.#.) - It is the point where flow

has zero ve:‘melty as if stopped '

- (20) Wind Zffects on Buildings amd Structures, London

1965, p.207.

Ex

(21) Ibid, p.200.

seperation

Ce \—nurrow wake
streamined body ~

larae e region of seperated
T T flow

bluff body

"fng; 2

e

‘Wakes

N\

- transmon pomts k

~ Al Y
o .~f"_ . :
T —y .wake
- : , turbulent - .
stagnaton .~ laminar ~~ boundary

point ~ boundary - - layer

layer

Some flow characteristics

/{ seperctlon pomt"”

TR

i

N
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Separation (Fig.3.) - The line on which the boundary layer

leaves the surface "'called the separation llne. "It

coincides very near with the line at which the viscous

shear stress ace, becomes zero and behind this
line the £ ‘e_surface moves slowly forward
with r68pect te
9£ separation'depends on the

ﬁé“Orientation and velocity of

gharp edges namely for iost

CﬁiGQ;line is fixed along the

1quite stron@ly unsteady
P;%l‘ odic sense

's,just a

"fact that separated
ks mgangqaa‘irihﬁisqid_floW.”ga
Juﬁiform-flow whioh does not separate

e

and turn 1nto‘vortex fornation throughout 1ts path.

II. le2+3. Some Other Concepts From.Aerodynhdﬁns.

'Bluff Body - deies where boundéry layers arc well sepa-

rated from the surfaée before théy reach near the body,

forming a thick wake, are called bluff.>* :

(22) Bradshaw, Pe, 'Bxperimental fluid Hechanics',bondon
1064, p.?ﬂ-

(23) Bradshaw, Fe, '&Q»Intrﬂﬁuatiﬁa to Turbulence and its
measuremen$’, Gormany, 1971, p.78.

(24) 'A discussion on Arehitestural Aerodynamics',National
Physxcal Laboratazyj Laainn, 1971, p.§95.

fig:3

adge of boundagy

stagnation pt.

vor tex regions

Seperation point chead of step




from ¥he 4

11 le2e% Cbg#ﬁpté of Interpretation of Flow Patterns.
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The separé%ing shear layers are unstable and roll up to

:§&¥m diacrete vortices. Generally all buildings are

. aerodynamlaally bluff.

S

&ﬁgﬁigé@ - Those are fhe bodies which assist the occuren-

ce of ﬁﬁe buoayanay forces and 1ift forces.and the wings
of the aexqplanes, gome surface treatment and sun control

yelemﬁnts af buildiaga, ‘eaves, balconies, etc.

' r}vﬁ Yelooity profile which is chan inv

”$§§9 #6 up gradually.

' Corielis Perce - Phis is the force effecting the velocity

gradiénﬁ of natural wind because of rotational motion of

”earthm

generally bave iiiﬂ'ﬁﬁtered.;;

Styealk &gae - Eh? 1obaa 4t particles whiech have passed
through & praa#ﬁiba& point during a specified time
interval. ,{‘ '

(25) Flovw Viuualiaaﬁien.
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btreamlines - These are imaginary lines traced out by sue--
cessive fluid particles throuhout the flgw étream.ee The
Streamline concept is essentially mathematical in nature.

4 field of streamlines and individual .streamlines can be

found in various ways from streaklines, pathlines and time-

R
lines.

4 smoke test mives an information of filament lines

-~ (timelines) which we can derive streamlines from interpre-

tation of it, . .
"In unsteady flews, the pathllne, streakline and streamline

generally difter from each othsr. In unsteady flows the

1nstantaneeu otr'amiinea can be determined from a short

time exp@sure,,ﬂ ‘.multiple exposure. na?
IT. 1l.2.5. Seme Theoﬁabieal Conecepts or Aeradynami@s.

Aerodynamic forces ar131ng from relatlve'motian between

, & body and the surrounding air are dependent not only on

the sigze and shape of the body and the magnitude of the
relétive vglocity, but also upon the density, compressibi-
lity, and viscosity of the air. ’It has been shown that air
density is dependent upon temperature and pressure, while
vigcosity and 5peed of sound are dependent only on tempe- _

rature.

Any movement of' fluid has the equation of motion whiéh

was divided mathematically and verified experimentally,

while deriving this equation, some of the paremeters were

(26) NEBBER,N.B. 'Fluid'ﬁéch&nicﬁ'far Civil Bngiﬁeers'h
Great DBritain, 1965., p.29
(27) Flow Visualization, The fim.

O ™ |
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not considered becauseﬂofltheir negligable quantity.gamhig “
gquatian of = motion basicly is the'application of low of
éotion (F = mea). Toktal forces within the system (Viscous
forces, forces due to turbudence, pressuré gradient force)
are equal-to iﬁértiaiféﬁaas of the system., Each part of
the formula fepreéahtﬁ_ans qf the characteristics of the
fluid motion. These parts are derived into some non-dimen-
sionalized equationa. These are the similafity eriteria
describing fluid'a dynamic and static behaviour and with

apprepriateweondlticns‘determine the flow.

. ¥ ,
The Rossby Number ( Roz’%%ﬁ) : This dimensionless equation

is the rgtio of advective or local acceleration to Corrio-
1is acceleration. Corriolis acceleration, due to earth
rotates are negligible if the study is dealt with less than
'15 kms .27

‘ (28) The =quation of a motion of a fluid.is:

: 2. N
SU; Eiaui o qu = _ 1 98P 2 §T& Vo Uy
8% ' 0% * 2Uk =, o %3 +'R $j+'3xk3xk
Where:

U -~ Mean velocity inside the boundary layer; m/sec

or cm/sec.,

L - Typical length; m or cm.

N - Angular velocity of the earsh. )

U3 - Instantaneaua velocity; m/sec or cm/sec.

gp - Deviation af pressure, kg/ma or gr/cm

8¢ ~ Deviation of temperature; degrees of centigrate
Ty - Tempersture (function of height); ©°C Jsr/cm3

So - Density (constant for mm:;reusible flow) gx'/cn:"’
.V - Kinematic ¥iscoaity; = /iec.gr om</sec,

X - Thermsl digftmi?i#v; .
e  Alternating tensor,
$ij ~ Kronecher's delta. o

o - Velocity of sound; 340 m/sec.
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The Reynolds Numbeg_(Re=\§% ) : The ratio of inertial
to viscous forces give another dimensionless equation.
\The effect of viscosity is important in establishing the
physical limitations of model studies and interpreting
the results of Certain types of prototype studies. The
Reynolds number’ia of interéSt where surface resistance

and form re91stance are of an appreciable magnitude.

"The dlscussion af the Raynolda number criterison nor-
mally centers arauad sharp adgad geametry,where it is
- usually statad thet the mean flnw pattern will not be much
affected by changing the Reynoldawpggker“EO With increa-
s8ing Reynolds number, the traﬁsiti@éﬁt@;ﬁurbulent.flew
_.in the shear layer, downstrean afvthe bo&y,:moves up-
stream and turbulence is then, supposed on the pattern of

vortices.

(28 continued)

The assumption of deriving these equations: .

1., The atmosphere is composed of a perfect gas of cons-
tant composition. | _

2, The deviation of pressure, temperature, and density are
small when compared with natural values.,

%3, The density is independent of the fluctuating pressure

(small Mech number)
4, Variations of and k is negligible,
5. The generation of heat through viscous stresses are

negligible.
6. There are no sources of any kind.
(These informationk ase from the paper "Similarity Crite-
ria for the applicatisn of physigal models" aad the book,
"Handbook of Applied Eyrﬂ wlios",)

¥ 4
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It bas been found from early experiments, "vortex

wake with periodic shedding might not be present at high
Reynoldé number."§1 *In Laminar flow viscous effect has an

| 1mnortant rele while 1n turhulent flow it has not an im-

portant rvié“az‘;ln high.Reynelds number the flow becames

turbulanb.

of the momen#umﬁ&iffﬁ ,;Qténmaaﬁ &iffusivity."55 They

are- bﬁth £Iuid prapertias and no%-flaw properties. Thus,

these are n@arly the saae ba#h in prﬂtﬁﬁype and model if
the medium is alr.

: G%—%%ﬁ It tﬁpfﬁuents the ratio of
" inertial forces %o thermal diffusivity. - g

"The Peclet Humber=an& Reynolds - Schmidt produét’*ﬁay
be neglected as modeling criteria if the flow exhibits
Réynclds number‘é inﬂeﬁenﬁence."54 Which means Rejmolds num-
ber iefhigh enough to produce turbulent fleﬂ,in{mqﬁﬁl.

- - - — —

(29)BK!DEH. PeWey 'Similarity ﬁ!&tﬁnff”Pﬁr the Applic.of Phy-
sical Nodels For the Stu&y*tf Air Pollution Meteorology ,
.LJBriG. 1971’ l9.

(30) Ibid, ps+19s N ,

(31) 'A Diseussiom on Arehitcc@urtl Aerod:namios, The
Royal Society, Lemdon, 19’?1. p.aes.

(32) 'Modelling Gritesia in BEydreull + Lecture notes, by

, Aseac.?ref. Qahii Qureys o '

(33) SNYUER ¥;¥., ‘Simlleriky Mﬁmn dor The Applicatien

’ Gz’ﬁhysiaal Models For The Study of Alr Pallutian ’
Iletearolegy , Paris, 1%‘?1 P23,
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) , u . . . .
The froude Number (Fn= : This is the ratio of inertial
: e ?\ (rTg=L=)
forces to buoyengy, forces (in other words gravitational -
forces). The moét basiq,model - prototype relationships

are those inwwhiah.the gravity forces are dominant in the

model. A 1arga valu"far Froude Number implies that buoyan-

¢y forces are smallzwhan qgmpared with inertial foregs.

"iroude Number to be the most important indi-

vidual paramete’ when the model is to stimu-

late atmospheri

In or&éri%di ‘ *’xs'of,the prototype

in a mbdel’ﬁith nin i%, it is
necessary to 1 6 mateh the

pe requires

‘hiléiﬁﬁéufing‘that
,«is established.

w"acteristics
;he{vortlces
in each row form at a frequaney.l‘

portional to the
n5§ v

lateral dimensi‘”
the Strouhal
shape., Ail-#‘
hal Kunberl
the section ﬁﬂ Sha

ateristic number
- gash structural

:taristies of Strou-

ey i!%h'the response of

(54) Tdid,. p.gg» |

(35) Ibid, :

(36) 'A Discussinn an Arnhi%ec@ural Aerodynamiss', The
Royal Society, Londom, 1971, p. 395.
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Mach Number (M=%%% This ratio of wvelocity of flow to the
velocity of sound gives some c¢ritical values such that,
~ over these values, the fluid must be accegted to be com-

preasible.

anel wasbuilt in 1897 to test windiills.
From then on,;i iona had been done in tuhnels.
Hany of the inves related to asrodynamics, |
because of the cles th&(aeroPIanés.
Few researchs 'iesg d@élt with;
building aerodyn
tics of press fthhe in&ee—

rtigationsr,
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. General effects_df'buildings on the environment,

» Change of boundaxy layar and Vblbclty gradlent due

to diffusion of urban pattern,

._Airflowwar und »
the 13i

'ed buildings and passageways, and
tuéiearwere done under different

velocitieé”an,fdl irections of flow. (See App.B).

II. 2.2. Invest ques of Wind,

The model on ©f the wind environ-
‘ are . &and fluld channels
&:ﬁ;ally'y entrated generally

s 18 used %o

—TTRT




. Smoke (There are several means, but, since 'many of

gested for flow visualigzation in

the compounds

peneral, are toxiec and therefore unsuitable thoush on

s has only been realized indirect-

without ill effects”57, usual-

examined) .

%bechnigque using to

e
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III. 1' -BOUNDA:RI._J O"ﬁ J.u.J naloR _.LlLLI T 5
' o k L 2725 .
I71. 1. l. Lesting Conditions. ' g . +— e g —
In section IpZ.l., {joals and objectives had stated *—f"“”"}z’g'“*]'* By 7 1 1 J%:..,.IZQ__ 1}103 ! 18
| ’ : |
: | , N !
_e,g. hr m h}' means of smoke tust in a wind gunnel flow : o 1_’ | | B | -
,around buildi_ 25 wifl be visualized and examined. Available ‘ o | ’ o ' - 0 window - ][E )’
v,.tegtln?' cond' 'Gibns nat‘rally have some importance on experi- | , . 3 . ,
mentat:._o_n and simula .on“. In Appendix A, the change and | ) ' ' g
‘ : . L g . \‘-_“
better condit f:‘t‘.estinﬁr equipnment is explained step by
step. " inlet ——
| | ! | S—
IIZs i test secfion P
- % outlet -
~eircuit one, with a '
,) Overall lenrrth : = N
’ , j lable wind tunnel : . _ .
ef :woed and the sur- a - . ‘ J

d tha freshand ~f,'1,'ée .air can | o

.'8 N

195945 79

Differences inpercent from mean
speed 16,4 ft/s{5.0m/s)

(the tunnel availlable at'Bu'llding
{the tunnel ovallable in MET u.) : Research Station)

Velocrty distributien, m/s

B e ]

Velozity gradient of the wind tunnels
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There are some equipments during testing so that the
flbw within the tunnel which can never be laminar.
III. 1.1.2. The Models. |

-The acaels are wooden boxes with painted fine surfaces.

there are two bﬁxas representing two buildings. their

‘dimensiona are. 10cm width, with 30cm depth and two alter-

nating heights, 29@& and 10cm. Model is placed on a wooden
plate by 40 % Sﬂams, raised about 10 ¢m from the tunnel
ground. - Sinea th# langth scale is 1/150, the models rep-
resent & !la iTi bui~;ihss of 45m width, 15m depth and

30m height. Mf77***~

III., 1,1, 3& _
ﬂ”i:'@qed. It is fired

from eutaiﬁa5th'fi ugﬁt into the tunnel by

means of & : There is a funnel'ast the

tunnelvsﬁa. -It

13 intereating that, wmthout this funnel
© smoke doea not come out, although tﬂa-fan runs with

itx ultlmate speed.

The flow from the hose is not uniform énd leminar, and

the concentration or diffusivity of smoke in itself is not

uniform, The colour of the smoke is very light grey.

Chemical compounds with their ratio in the composite in

the smoke aoreen_hra:#hpwn below:

White Smoke Composite

_Hégzachlorsten 52 %
Ziné Powder 308
Zine Oxide 13 %




Wy
\D

- Chalk Powder 2.5
3 Strontium Nitrate 2.5 %

Aluminium Powder

Watt e , 7 , ;
white film : ) 600 zgiéﬁkpp.ﬁ). |
The fesﬁ‘éeat; v 7 o«

are painted i&

to prevent shi ‘
observed. Th

film. The digten S he camera is

i
:
I
‘
!




be matched both iﬁ»
The Iength}séal@'
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. The first problem of modelling is how to reduce dimen-

H

sions., MThere are

y dimensionless equations which should

 §?§5 and model for  simulation,

-

pain parameter of this modelling.,

,igilagity of equations has been

fhose equations, some of them
ristics. (Schmidt, Prandtl,

—
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°§aynalds Number has less importance if the flow is tur-
bulent;qo And, itﬂiﬁ”learned from experiments that, flow
”.in our tunnel ia turbulent.41 Then, Jreude Numbexr is the

' main similarity faruula we have.

“ In the rnaaaroh .tudy, the length scale has been estab-
 lished ag’ 1/100, hut to reduce the tunnel blockage on the
‘ deng ””‘a&a is reduced to 1/150. (See App. A).
ﬁht be very small to see better the

£i;ament as suggested. ‘ _ |

nd of 5 ri/s speed (Beaufort Number 3)42 |
#urbance of effects on environment. Up %o
Beaufend scale: 7), these disturbances in-
~<ﬁ¥vwwf~creaa§;f ‘M,l4damages occur, after this value towards
. % aaale. 12, hurrlcane), strong structural
' *gen oceur.,

Then, velocities of the prototype is selected as

30 m/s, 16 m/a and 6 m/s, but accurate velocities

. e¢ould not be obtained by operating the scale of

; ] varyac. Then, the approximate velocities whiah are
| ‘ - determined by 16, 8, 6 gradea of varyag are used,

- Under 0.6 m/s, the smoke is dif
vuanol. such. that.any obser

(41) 3&canuli§nx eauil nb# §c7 l_”“i”;1§ania5 ihn axgurin
mﬁn@s (Bee App.hs, for further informatien) whieh
shbews the flow is turbulent,
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Since the observatlion has been done only on qualitative
basis, these changes of velocities from first selection,

~have no importance, because, the experiments would not give

‘pﬁgerical values to plot curves, but the tendencies.

froude HNumbexr is:

'V' is the mean veloeity, m/s ; 'L' 1is the characteristic
length, m; gravitatioﬂél acceleration 'g' is 980 gr/s ;

and suffices 'ﬁf and 'p' represent model and prototype res-

pectively.
Vm - Vp E
- = - we know: g =:g
velm - Velp P
Therefore,
LU
B : gives the length scale which ig 1/150
2 ,
L
S
Ve, =t %327 V¥ - 2.6m/s
m: 150 my -
v2 oL _x16® .. _.Vn, - 1.28 n/e
B2 150 "
V2 = - 1 % 92 __Vm3= 0:74 m/s
mx 150

To see the contradictory effect of Reynolds Number:

VL
R, = ——— V = kinematic viscosity, for
v ' sir 0.1 m/s
Valm = Vply  Ta=Tp “%

—_——%
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: lb ' 150 :
- - : |

my

If we apply the madel velocities from the Froude

- Fumber and compare it to prototype, we will see the possi-
 bil1ty of being mistaken by expecting similar attitudes
from the pratotype, ¢ancarning the Reynolds Number.

e
0

260 em/s x%ZO,am/s = 5200

=9
i1

3200 em/s % 3000 cm/s = 9,600,000

Repl >>> Rem:)_'

IITI. 1.3, fea51biliby of Teasting Gonditlons and Slmulation.

onyder, in his repord, stated that the Froude similarity
can be used sgfely only if the flow is independent ~of
Reynolds. According to some research workers, having
éharp corners in the model is sufficient for the Reynolds
Humber's iﬁdependence, but Snyder proclaims:

"The flow was independent of the Reynolds Number effécts
if the ratio of lemgth of the cavity region to the building
height was the same in both model and prototype,"*>

(42) Beaufort Humbers are Meteorological scale of wind
which is get aceordlng to its effects. f.e. Beau-

. fort number '0' indicates calm air, smoke rises vepti-
cally and speed of wind is less than 0,3 m/s, '11'
indicates storm, very rarely experienced, causes wide-
spread damage, its speed is abous 26-29 n/s,

(ARONIN, J., 'Climate and Architeeture,' p.177).

(43) SYNDER yPeile, 'Similarity Criterlia por the Application
of rhysical Models .Jor the Study of Air Pollution
lieteorology' Paris, 1971, p.20.

TR T T
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In our experiments, the models have sharp corners and
the cavity region length to the building height ratio.
(the case of one building placed at windward side of the
plate - Case A la) is approximately 3.5 to 4., So, we
expecf this ratio in prototype to make sure the use of

the conclusions of the experiments.

IIT. 1,3.1. Assumptions.

There are some assumptions which are accepted before

the beginning of the experiment. Some of them are

theoratical where the others are practical,

« The flow is independent of the Reynolds number,
» Uoundary layer conditions are assumed to be less
wimportant to simulate,

i, Elﬁqtuating of the velocity of the wind is neglected;b

f;vNatural velocity gradient is less important to
simulate, |

.« Since the simulated length scale is much smaller
than 15 km., Coriolis force is neglected.

v wffect of urban environment is neglected. Siuch as
%emperatunegrise in urban areas and surface roughness:
'of the environment,

.'Oécillation of the wind which causes change of the

‘,di\;‘ection of the wind is neglected,

-+ It is assumed that the flow is uniform and irrote-
tional within the tunnel,

. Temperatﬁre'and pressure changes due to altitude of
the testing placc &ve negiigihla.
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IIT. 1.3.2. Zrrors.

The term error deseribes a discrepancy between #he actual
reéult and the true value of what one sets cut to measure

“in the laboratany.

There are several seurces el error in measurement which
May contribute to it separately or in combination.

- Errors Due to fhe Observer:

The experiments have not been observed directly but
through the medium of the motion pieture, ©So, there may be
semeverrors due to the properties of the camera, the film
and the photographiec conditions. Any error Prem one of
-thpsa eaises gome disturbancés on the image brightness which
nay reault in wrong interpretatlon of the images., Since
there is a lack of practice in the usage of photography for
scientific purposea, sharp images are hardly obtained ex-
cept in few of the films - particle section and cases of 'BB',

During the inperpretatlon (or reobservation), a slide eof
grid pattern is overprojected on the projected film and
some ratios deali;ﬂé'{vith the air movement have been tried to
be achieved., This study shows that bhe dlsplacement of the
camera for each experiment causes some errors. This error
ia made unaft&eted by teking the ratios in each case of the
experiment within iteelf.

8inee the camera is placed very closely to the tunnel,
perspective distortiem has ocoured whiech results in fussy

images #f the smoke.
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- Errors Due to the Instruments Used:

The instruments, the tunnel, varyac, etc., may Them-
selves cause some errors. The improvement has been tried
to achieve as much as possible, because, this is the way

of reducing observational error.

"A model situated within an enclosed working section
will tend to be overestimated because extraneous suction

effects are introduced into the wake (termed ‘'wake' or

tunnel blockage'), due to the proximity of the tunnel

walls... it is describlé to limit the size of model so

[
that less than 10-5 % of the area of the working section

of the wind tunnel is occupied by the model."44 ‘

U P

57 x 80 = 4560 cm® , 20 x 30 = 600 cm>, 600:4560 =0.13

= 13 % means 3% ef,érror.

v iﬁ?é?fgxﬁngﬂ_gffacﬁs.en'flow due to the instruments

.’In oi&eﬁftO'oénalize ths-sméke into the tunnel, the
‘heﬁewhaﬂ"béen'suapended_in the tunnel although the
interference aﬁd disturbance effects on flow are
expected. ‘v . | :

« The fannel had been put at the end of the hose for
the same reasoﬁvand expectance.

» The raised plate had been put with the suggestions
that it Would not disturb the flow because of its
similarity to a streamlined body, but at the end, it

(44) Proceedings of the Conferemse ield at the ilational
Physical Laboratom%, YWiad Effects om Bldgs., and
Structures', London, 1965, ¥ol. I., p. 297.

LLLLI 1077710777777 200 L

f iant
______-t'\ei?\/fllgnf

tunnel

/m_ s

~

T 7777777777777 77777777

fig: 9

~ Tunnel wall blockage-Effect of tunnel
constraints in reducng streamline

deflection and curvature.

H
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is observed that the flow is separated as if i§ is a
bluff body.

. The sungun which had been placed at windward side of .
the tunnel may have some interference effect'becaﬁse»or
its wake but it is suggested that thiszgegligible because
of its distance (about 2m) to the models.

~+ The shatter of the tunnel causes 5 ¥ of error on the

| velocity of the flow which was concluded in the re-
search (ARCH.501) study. And it was observed that if
the shutter is open, smoke would not come through the

hose, which shows its interference effect on the flow.

- Errors Due to the Environment:
Some of these errors are assumed to be negligible at the _
beginning of the study, such as the change of temperature,

and pressure due to the climatic conditions.

Since the room where the tunnel has been placed ie small,
there may be velocity fluctuations within the tunnel because

of the outside flow.

- Errors Due to the thing observed:

« The movement has happened in the tunnel in three dimen-
siona, but the abservation w:: nanipulated ag if it was
Lwo dimansional.(nc top obaervatian had been done '
because of impossibilities).

. Smoke has been diffused all over ths section easily,
especially at low speeds,. Models have the length of
approximately cne thixd of the tunnel width, 50 ,8moke

‘passing through the sides prevents clear observation.,
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iII. 1;3.5. The Cost of sirror.

The measurement of the cost of error of interference
effects are impossible in these experiments, and also the

error due to the camera cannot be estimated easily,

As Bradshaw and many other research workers agreed on
thaﬁ,.thé flow pictures may or must need considerable
experience to be interpreted. So, the error due to the

lack of this practice is of course, unmeasurable.

"The figure generally quobed for the best occurency
[} ‘ .
required of the experiments iﬂ!fluid mechanics is 1%(l)},
but this is to be regarded as a target rather than a

necessity, but in some caées, this raises to 20 % - 10 %“%5

In this research study,'ﬁhe cost of errer cannot be
found which seems unnucessury'at le&st te Vhe observer,
beeauss ot the main aii is. to aimulate flow patterns of
the pratatype. Sinne flew hah an interference effect
within itself, even a small deviation of flow, results in
entirely different flow pattern.

’ Se,ehseking of the results with full scale experlmenta
is necesanry. ) (e

Comparisen betwsen similar studies and $his, study -
. may giva some 1&&&» at the faasibility of results which
will he diseﬁsle&,ia.lbllaﬂing sections.

(&5)‘BR&DEH£H, Po, 'BExperimental Fluid H&chanicé‘,
Pe RROT] Pxeﬁs,m&&ﬁa. 1954* Pe 168,

TG




E xperiments

Experiment gfbtjﬁs with alternating

heights in 3 different velocities.
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iIl. 2. THE EXPEIRIMENTS

III. 2.1. The Notation of The Lxzperiments.

Gome abbreviﬁticns are used to identify each case of
the eyPerlments namely they ‘are piven the call numbers,

(Bee Chart I )

Ehe capital 1ettersy'A' gﬁﬁ B! denete the heights of
the buildings 20 cm and 10 eu reapactively. 1f one let-
ter is noted, this meaﬂa, en@ buil&ing i- tested, and if
there ave two 1etters, rirst 1etter daﬂetas the one at
windward side, where the other laewara.

The flgures 1y, 42 '3"an¢ '4‘ utwa»taur different
distances between two buildinga

l = 40 Chi., 2 = 30 cmcg 5 "‘ 2. MD 2 ol 10 ﬁﬂt

If there is only One building '1’ ﬁepresenta the wind-

ward end ‘23, the middle and 131, the leeward end of the
plate .

Small letters, 'a', 'b' and ‘e’ represent the velocities

PO

infﬁ/s. .
=2.6 m/s, b = l.28 m/s{ G .:‘: 0.74 ﬁiﬁ/ﬂ.

nxanples:

a: The 1nVeat1gatlan Qf research cenditlons beforehand
at the veloaity of 2.6 u/s.
AB2¢: There are twe buildings. the one at the windward side
" is 20em, where the other is 10 cm in hedght and the
‘distanes between them 1-. The testug velocisy
is Cu?% m/s.
BB4a: The twe bulldlngs, haV1ng ‘the same hight 106m with the
distance betwéen them, lOcm are tested at the veloclty
of 2,6 m/s.
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ITI. 2.2, The Interpretation. ‘ .

IIi, 2.2.1. Efficienoy of Experiments.

In this research study, all the experiments which have
been aimed, havewbeen completed, The experiments were done
in groups whilat the tima was conditioned by the smoke bomb.
One box lasted abaut eight or ten minutes when the smoke

was ceased, the intenaity offgpoke‘deggﬂased, 80 that visua-

lization was very poor, 7§hﬂi‘if the fan ren at slow speeds

~ longer than ar oke dissipated all over the

section, hharefore the viaion of tha models were disappeared,

‘under the smoke. ?he~‘ ficienoy ot aaah ‘case of experiments

therefore, were not were poor for

-interpretation.vasﬁea' 3!, 'BB2a’,'BB2¢’,

s 'BA4‘ and

: n~érféréﬂeq effect

'BAbc! were poor,tofinf

W : HBec&uaewéf the shortage of
flnﬂnGial ﬂupﬂort _rheae cases of the experiments have not

been repeated again.
III. 2.2.2. Observation of Experiments.

The interpretatlon needa some @ érianag;ip this field

of work, so, in thiﬂ pf

ations will be
(Bee Charts I, II, ITI.)

tried to dbe outlinﬁd n”greupa.

The flow was uﬁgte@&,, turbulent @nd acecepted as uniform,
ﬁhe observation from the film has been tried to be evaluated
by some means ef measuring (prejecting the gzrid upon the

£f1lm) and the flow was examined in sccerdance with the types




ps

‘with the decrease in veloeiﬁy,‘# 8

. o 4.2
of it. This typology has been done mainly for a purpose

to give an opporbunity of interpreting them for architec- _“

tural purposes. Charte I and II are graphical represen-
tations of the experimental cases and Chart ITIT shows the

matrices of the results of these experiments,
IIX. 2,2.3. The Analysis of Experiments,

In this section,‘interpretation of the flow is going
té be evaluated in groups of flow as jet flow, separaficn
of flow, intensity of flow, wake of the buildings, vortices,
8wirling side vortices, side flows, downwash and surface
flow in accordanqe with the change in velocity of flow,
height‘of the buildings and distaﬁce between them.

- Jet F&é@ﬁéﬁd Separation;

Since jet flow is the current of an air which flows

without any change in it, any disturbance of it will be

reaulted in its separation. Bo, the separation #n this
part is related with the separation of flow due to any
cause,so differs from the concept of sepatgtion in aero-
dynamics, -

o Velocity has two effects on Jet‘alowjtnha qf them is,

flow ds getting spoilad and f&nned. The other effect is,
separation occurs early in low veloeitien. (As 2 result of
the first effeot), @he place of stagnation point falls

from 1/5 -6 to 1/3 » 1/2 of bullding height as decreasing
the valocity.
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« Uistance shows itsg effect on the intensity of flow
over the faces of the bulldlngs. In distances '1' op 12
(40 and 30 cn, respectlvely) separation occurs before
reaching the second buildlng. And, in the positions orf
the distances ﬂf 20 and 10 cms, separation occurs Just

over the second building,

« The height of the frontal building has an influence
on the place of separatlon, if the building is hlgh the
separation occurs because of the striking of the flow on
building and the continuation of jet flows will not separate

later, in the distances "4ty '3' ang 121,

Separation after the second building occurs at high

velogities,,especiaily in the.caﬁes of 'AA' and 'AB‘,
- Wake and Intensity of Flow,

Almost in all cases the intensity of smoke ig getting
higher from the front of the first building to the baek of
the second, while getting more and more homogeneous andg

movingless,

+ Length of the wake changes with velecity and height or
the building. In the cases of 'a', 'b' ang ‘e', without
any building the wake of the model plate is decreasing from
1/2n4d, l/ﬁrd and 1/4th of the plate length respectively,
And, also the wvake of the buildings decrease from 3 1/2
times to 2 1/2 of the building height,

"

. Lntensity of flow changea also with velocity, Change of
distance and height assists the formation of this intensity

R T T T
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with the change of wakes of the bodies. In the cases of
without buildiﬁg intensity of flow decrcases as velocity
decreases. In other cases, if the velocity is high, flow
bén drag;asiduQQSmoke and with its energy, it can turn

around the complex and no concentration of smoke occurs,

. Whileibuildings are'getting éloser, the smoke between
them is getting movingless and may be seemed as if stopped,
Especially in 'AA'3' andd'AA 4! cases, the half of the-
space between_buildings are filled with pesidied smoke whieh
seems'uniform, non-moving and less intense than the vortex
upon it. Diétance between the buildings shows its effect
on wake, s0 that the flow within the wake changes and un-
usual vortices occur. (Compare Al and AAl, ABl, BAl cases

frOm»Chart I and II).

« If the buildings are higher than the distance between
them, then, the intensity of flow(which moves less Jis high,
This stagnation of flow may happen due to the wake of the
buildings. Jor example, in 'AB! case, the second building
is in intense smoke area, if the distances are '2', '3,

or '4', DBut in 'BA' case, since the windward building is

shorter, the flow between them is much more active than

'AB' cases.,
- Vortices

There are many kinds of vortices (See Section IT.1.2.2.).

Swirling vortices, horseshoe and "W" shaped vortices,uswhich

(46) Thisitype of vortice hes not been come acecross with
in literature, so, the call name of it is not common ,
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in some cases, ('AAL' and 'AA2' and 'BEl', 'BB2', 'BE3'),
the small vorticeésgirl.at the upper section between the
bulldings as if there is a cushion underneath them. In
between $he bulldlngs with their distances of 'l' and '2',
two types of vortices occur at the same tine, A horseshoe
vortex at doﬁnstream ﬁart and a normal vortex or in some
cases ”W" type of vortex in upstream part (behind the lst

building) ocecur., . This~ may easily happen if the second

building is high,

The circular vortex can be formed if the distances and

heights of the buildings are equal.

With getting closer to the buildings, the place of the
vortex slides towards upstream,”to the back of the first

« Vortexes have been resulted from obstruction of flow
by surfaces as we have mentioned, so as an obatruction
helght of the buildings efféct the formation of vortices.
(8ee Chart IIY)

~ Horse shoe vartices and "W" type vortices:

. lorse shoec vortex happens usually at‘high velocities
and‘they are the out product of front vortices or cddies.
"W" type vortex can only happen in 'a' and 'b' speed

where the only exception is 'BB %¢' case.

Bide flow, due to the separation of jet flow on sur-

faces seems not so dependent on vclocities (Pig.ll)




‘parallel to it, because of the boundary layer. Surface

whole generates the flow, usualiy perpendicular to the
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» Horse shoe vortices usually happah gn the front part

where the height is 20 cm.

Side flow may occur when the lst building is hich

(20 cm) and the distance is 20 cm or less. .

. Distance séems not important alone, but if the distance
is so close (cases'iﬁi - 10em) then, the vortex may not occur
at the lower section of the spaces between buildings. The

upper side vortices de net devaiap in horse shce vortices.

. Especially ab 'BA’ cases (due to: h@ight) when the
distances are '40' and '30' cms, the horse shoe vortex
changes its form, first flow towarda upatr@am at the sides
of first bullding, th@n, to_downstgeam. And, only in +the
case of 'AB4c' there is & horsa‘sh693voptex between the
buildings. . |

~ Downwash and Surface Flow :

Surface flow mainly happens in two ways; one is the
surface wash, and the other is the facial source of smoke.

In surface wash case, flow licka the surface and flowing
source is a visual awarance that, as. 1f the surface as a

surface itself, This may be thq,result of thiek boundary
layer and the drag flow, f
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-« With the decrease in velocity, probability of occu-
rance of surface flow increases. In all 'c! speeds surface
zenerator type happens, Because of the boundary layer con-
ditioné or viseosity ofvflow, in lower speeds, separation
cannot occur easily so that flow spreads all over the sup-

face, which explalns the downwash flow also.,

. If the distance between the buildlngs are two btimes
the height of first building, or more,surface flow between
the buildings can occur. If the space is closer, this

surface flow turns out to be a vortex,

. In cases of 'BA’ (first building is low), downwash
upon the windward face of the second building occurs. In
'AA' and 'AB' cases (firét building is high), downwash
occurs at the first building's face which shows downwash of

the surfaces mainly depend: on their heighté.

Nearly in all cases, the top of the buildings act as a

smoke source, it may happen due to the suction in the wake.

In cases of 'BBl' smoke has so reaidued between the
buildings that, the vortices swirl upon them as if there

is an air cushion. | o
III., 2¢3. Interpretation fof Architectural Purposea.

These interpretations with the guidance of charts can be
used for design purposes. Of course, the applicability of
them depends on theilr reliability, which ave feasible to
an extent. (Bee seetion III. 1.3.2.). In previous sections,

effects ef wind on eavironment havn been briefly discussed.

" In the foXlowing section, how th . interpretation of .
, N
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experiments can be applicable to architecture will be

briefly discussed.

Since we cannot change the velocity, the only parameters
that we'cén handle to counter with the unwanted effect of gﬁe‘
wind are dimensions and shape of the buildings. In pre-
vious studies,“(ﬁﬁp.B),fthe.area of the building face has

been found as an importsnt parameter, shapes of the buildings

have also been studigﬁw

'Tet rlow' is fi_ ffected by veleclty at first,
which means in low speeds the residue of smoke from chim~
neys would be more\and by introducing some obstacles to

this smoky flow, the

"tioniaa&—spread of pollutiens
will be»more. :

'Wakes' with thelr %&ié&éibuticn and relative

negative pr 35 Jﬁéé'sama.structural prob-
loms. fA_‘ eloeity of flow within the

”_jj“the boundaries of 1t_*éﬂ;;trﬁnganﬁ
ging héight and the ﬁistnﬂﬁé of he. builﬂinsa, we can orga-
nize the proposed complex according to th@apgggpgpvwe have . 'ﬁ\ﬁ
And, related to the characteristics ef » {iﬁ%iﬁn,;ét hot m{
humid sea ;t;jﬁ ,safbreasa, the

distanoe be#wean t3 Lidings must be more than 2 to 3 —~

times of the heinjfvo, the windward building.,

wake region 15 slowe

If the distances bgﬁwten buildings are narrowar than
their heights at least, there will be residus

% air between them with balf of their height.,
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.
At the back of the second building, under the zone of
more concentrated smoke, if its height is 20cm (or 30 m in

reality) there is the possibility of a result of downwash.

Vortices are more active parts of the flows. They
lift papers, dusts, suits and disturb hair and cause some
damages to flowsrs, etc., areund. Lieight of the building

is important parameter» or formation of vortices, a

parallel conclusion %o figpa_results. Since they are

unsteady, the. ;V ’sﬂ e£fact (impact force) on

structures also

‘§t flpw‘separates<at the

*h'gh velocities with
the ald of su —siae flow, it
, ost be parallel

egion, this side flow

the efféct of the wake of
| ‘ ‘ 311,cases.
‘BBIZb',vall
“§;'the height

more feaning-

r(A), rlaﬂ, which strikes
n - on %ha surfaces aud ‘tauses strong
eddies at the of the building.

Ut Thih downwash causes
snaa\éafagts_én ihe aces of the bulldings &0 that,surface




treatments are 1mportant factors of design on tall

buildings,

_Surface flow or surface source effect of flow occurs

only in wakes, in negative pressure. This may show the

posslble suctlen areaa on the surfaces. If the vortex in
the wake cannot'be form&d the flow is distributed over

the suffﬁee and the sur eems as if it generates smoke.

So, architecburglu”
of the surfe htaﬁf it accordingly,

;ibe obtained from these

ﬁhe'”onﬁitlon of getting
knawledge of the ef-

femiliap t:a
Wildings .

fecﬁS»oﬁ*diﬁ“gié
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The studj'h@ire; been cmp f.ed under an inadequate situ-
ation, as insufficien




riy

23
outlet of tunnel design should be changed in order to get
rid of the hazardous effect of smoke and in the other part,
‘hoses and funnels with the test section should be designed
‘such that, the flow within the tunnel should not be affected

the light sources will

a‘néﬁ'sﬁé§e Jpr : prevent false
~ interpretat fon‘. : ' '

metor of 2 ‘ : - Vnietssary) and,.
at ghe end, & UM be yerilied by full scale
_measuTesents

o
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3o far, as a conclusion of this investigation study,
similar works should be supported financially and techni-
cally by proper institutions. Otherwise, completeness
and ezcelleﬁcyvafﬂresults can never be achileved, where

they'wculd,probebly be turned out to an unprofitable

work .
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- APPENDIX A,

The Story of The Research Study :

The aim of this study was to complete a Master Thesis
work by experimenting flow around building groups in a wind
tunnel to fulfil the requirements of the faculty of Archi-
tecture of M.E.T.U., which was supposed to be completed in
oné semester, uut, this study has been completed in three
and a half semesﬁers with full time study at the school.
So, there were some disadvantages of explaining the causes
of this retardation for future workers who will be dealing
with parallel studies and researches. And, through this
review, the improvements of testing conditions and change
of model groups will be briefly discussed,

« According to the objectives of this thesis study which
was decided in ARCH, 501 research study, the first step
was tb build models and to obtain smoke for viaualization
of leWl

- We know that paraffin was used inAsueh atuﬂiea whiah
18 liguid, and misted in the air. But, one liter af it was
about 1000 7,L., and imported from’ “ﬁ.i.,.&his liguid,
~with the spray machine was under the control of the Govern-

. __ment Theaters (Devlet Tiyatrolara). And it was said the

pureffin nust be ordered because it was not available at
$hat time.

- 80, we had to try new methods to cbtnin econgentrated
- mﬁh 'vFr?mﬁ'ehe_DepWaﬁ of Chemistry of our univeveity,
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Some apparatusvfer mixing HC1l and Nﬁg'was adviced.(Fig.A.1l.)
The apperatus was prepared but observed that the smoke was
not 80 concentrated and it could be hazardous to health.

- Then, new mixtures had been trled 0 obtain smoke such
as cellulesic varnish composed with sand er Bawdust, or
cotton. The initial tests outside, seemed hopeful, but
they could not get through the pipe in the tunnel and their
colour was dark grey which was hard to seée.

- After these trials, it was suggested that the smoke
screen could be useful, but it was hdrd to find any at the
market, after some conversations with the competents, sample
of special size smoke box was obtained. After its control
test, it seemed that it could be useful and 50 af them were
ordered, (1/2 kg.,special size where the ordinarles are
2 kg.) sufficient for the completence of the study.

. Our Hodels were prepared, smoke and ﬁhe smoke apparatus
- which was suggested to give streamllnes - 2 pipes with
1 inch diameter and 4 mm., holes on them with 1 cm., Rais-
tance, were ready. We expected the smoke passing through
holes must be formed in lines, butb an astonishing observa-
tion, any trace‘of.smoke‘within the tunnel ﬁould have not
been seen., So, where was the mistake? The hoses brinming
smoke to the'tunnel were shortened but there was no use.

Yy was 80 fast that we could not slow it by

: ~order-toadecrease the velocity,
160 ”mjning it from the
Engineerlnu, we used varyac.
fhis ave us some hope since we could see some braces of
smoke within the tunnel. The velocity could vary from
‘0.1 m/s to 19 m/s, which gave us opyortunity to use the
Froude similarity easily. . |

| "hen ‘the problem was to obtain imaes as piétures.
;, ! athur &ifflGu1ty agﬁear@d, the traces oi suoke had not

i T
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«_model !

fig: Al

A smoke apparatus (which has been tried)

\_r
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fig:A2

Places of anemometre readings
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. M . . 7
The transparent walls of the test section wvere plexiglass
and they were changed with the ordinary glass for betbter

. vision. another problem wags rerlection of thé glass, in

order to get rid of this problem, the back wall of the test
section had been covered with black cloth., 4he illumination
was obtained from two spotlights of 250 watt each, which

‘were placed atb tﬁ%?top of the test section. Again,;there'was

no trace of sugeess. ’ ' S NS

Then, yellow filter and blue background,then, other ,
filters and different distances of spotlights have been tes-

ted but no better results were achieved. Thesge Hrials showed
" us there must be strong light source to illuminate models,

and sunguns have been provided from the Department of Civil
Engineering. (These tools and machines could be obtained

by the special permission of that department upen: the
request of the Paculty of Architecture, which was a procedure
of bureaucracy) :

« These trials»did not give the expected result;qa, the
problem had been turned again on smoke. The smoke bombs
were very powerful as a sonrce 8o, the problem was to get -
the smoke within the tunnel. |

Holes on the pipe were then widened, which resulted
with some hope, Half length of the pipes could glve smoke,
but it was not as streaks that we expected but as screen,

Then, the flow within the tunnel have beem studied
theoratically and simulation formulas have been checked
again which gave the opportunity ef interpreting the situa-
tion. If flow in the tunnel is laminmr, then, smoke must
come out as streaks, but if the flow in the tunnel is
turbulent, smoke could not follow any path but form as
sereen, which was the situation of our tunnel. This gave
the Reynolds Number independence. (See Sections III.l.2,
and ITII. l.3%.).

» After those trials and errors, the models were 1illu-

‘mineted from sbove with spotlights and f2om imalde of the
' tunnel at both sides with sunguns. Asd, i§ vas decided

RN AT TR
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that the alr movement could not be figured out by photos-
raphing but possibly by the motion picture, after geveral

alltles of films and techniques of photography have been
trlaled. The best contest of the image was obtained from

‘red coloured models on black background. (Painted with matt:

dyes).

Fach trial had taken several days with the preparation"
and testlng of it, S0 that the work could not (o onfeasily.
And, I should mentlon here that, at each trial, other tech-.
nicians and workers have been needed besides the real re-
search worker, the author.

. The motion picture did not show any miracle as we
expected, but, gave some helpful critics, The smoke must
be much more condensed and pressured or any other smoke
apparatus must be designed. &ince it was thought that the
pressure might destroy the real effect of velocity within
the tunnel, other methods. of visualization have been tried.

. Visualization, by small pieces of papers (confettis
of telex strips) were tested. But it was extremely
difficult to control and set the simulation of flow with
these pieces, because, they might represent equal sizes of
air particles(as if to say), if their weights were egual
t0 each other, which actuallJ was not. Several meters of
film - had been taken which was interesting. In order to
obtain better diffusion of these paper particles, the
scale of the model was reduced, (from 1/100 to 1/150)
which 'did not cive any successful result,

- Then, we turned back %o smoke again. Another appara-

tus was designed and then, smoke was brought with the 7em

diameter hose from outside through the bell mouth of the
tunnel, to the test section. In order to obtain preater
diameter of smoke flow, a funnel had been put at the end
of the hose. The condensation of smoke in the tunnel was
“’Beasful that. the model Qenld hardly bo ebserved
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The models should be changed so that the representative
of tower type buildings turn out to be slabtype. Because

' ghe flow in front of the model with the behind of it had

interference effect on vision of real flow, the new models
with new experimentation groups pad been set. (See I.24102)

. Such concentration of smoke brought other problems.
Breathing under such conditions could be hazardous, and was
very disconfortable (cough and fever at throat was felt)
Competents sald hagzachloretan with zinc powder could be
dangerous if the study was carried out over 5 minutes in
closed spaces. B \

In order to decrease the smoke concentration within the
room, the outlet of the tunnel was connected with the free
air by a nylon outlet. Although such precautions had been
taken, smoke was distributed all over the room and the
canteen, (which was adjacent to the test room). 5o, the
door of the test room had %o be closed. This brought
much more condensed smoke in the room and another precau-
tion was held, a fan wasAmcunted at one of the closed
windows. Dut discomfortable effects did not change,the
danger of it. Then, we (the research worker and some
people who helped her) had to use gas masks. Whilst pravi—
ding those masks, we had to face with another chain of
bureaucracy.

. In order to get better visualization ef flow, instead

of largening the funnel, the model was 11fted sbout 10 om.,
from the tunnel ground, becsause thﬁ[la;ggﬁigg ththg

funnel might have been resalted iﬂ deg§§ﬁ¢§§§§1¢£;q1ear

vision. ‘Then, the results en films”wéré'Ver?'ﬁuéseiﬁful.
It had been observed during the study thet, the smoke from
the hose could not penetrate when the funnel had been
aken or the shutter of the tunnel (the upper wall of the

‘test section) was open. Of course, better conditions

could be obtained which were dependent om the pa;aneﬁ¢2:,

money, time, technology, technical knewledge and tabour.
coﬁditions,;ggg-,?‘}: ﬁJ¥ 4 p:=: i;e;f: R - X
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. In order to assist the conclusions, some numerical
~ investigations had been tried out. Anemomecter measures of
the velocities at seven places of éach-case 6f the experi-

ments (Iig. A.2.), but since our anemomcter was very big cube

of Sem for this purpose, the obtained measurcments were
not to be trusted. The measurements might have been much
more diffcrent from those of the real ones and while inter-
pretation, this was recarded as such,.

CONCLUSION

This research study has becn completed under very
difficult circumstances. These difficulties will be men-
tioned here, in order to give some ideas to the future
research workers in the faculty of Architecture.

. The first problem was the lack of knowledge in this
field as being an architect. Throughéut the work, this
new field has been discovered from place to place. For
this study, I made some communications with persons from
other disciplines, civil engineers, mechanical engineers,
chemicists and film and photographical technicians. So far,
such a work, a team work was neccssary.

_ « Another problem was the available technology. This
depended on the technological level of Turkey. There were
several kinds of smoke apparatus sold in the market abroad.

» This technological advantace might be altered by
buying and ordering those from abroad if financiél sources
“were sufficient. A student, with her or his conditions,
could not afford this money, and it has been very difficult
to get the financial aid from the university. The univer-
Bity authorities, at least might agree on the idea that
these studies would be necessary and useful!

o The student, with her or his econonic situation #re
still dependent on their families and must complete the work
- a8 quick as possible, and sinee it has been announced that

BLOAN'S
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the master thesis study should normally be completed in
one year, the students are in a position of hurry, beca-
use of psychelogieal reasons, of course, this hurry
effects on the study very much.

o Similar research studies need some assistance as
labour at least. For example, during this study, three
people worked for each experiment. Bometimes this number
inereased to five or six persons. This problenm of labour
might be solved by a group work of thesis students.

WOy SO STV
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APPENDIX B,

Other Similar Studies.

" The study of air flow around buildings and building
groups have been done by various groups from warious
countries. In the following few pages, Some of those
studies and their resulté'will be briefly mentioned in
order to giﬁe an idea of such work.

. In one of the sbudiee,50 aerodynamic behaviour of
vodies in the wakes of other bodies have been investigated
through pressure measurements and smoke tests. Buildings
were square tower type, and their distance were constant.
The incident angle of the wind was chaneging, It has
shown that a small change of wind incidence (100) in-
creases the force coefficient of the rear blocks a lot.
Another study for similar purpoSeSl showed that, as the
wind angle approached O°, i.0.,wind, parallel with the wall,
regions of suction developed at angles of 10° or less,
the whole wall was under suction. This change of coeffi-
cients and other results can be stated precisely, since
the interpretation from using both, testing methods
(measurements and visualization) give this opportunity.

The effect of single buildings and structures have
been studied by J.Ce.R. Hunt .”2 Caleculations stated that

(50) Philosophical Transactions of the Royal Society of
London, A Discussion om Architectural Aerodynamics,
‘Phs Royal Society, Lomndom, 1971, p.437.

Pt : Aprodynamics, Building Research




the flow at either sides of the vake was very turbulent,
turbulent flow was composed of steady and fluctuating flow,
On the boundaries of the wakg, fluctuating component raised
up to 40% of steady component. It was observed that up-
stream of an obstacle in a shear flow on the sround, a vor—
tex had been found which created a downwash at the front
face of the body. This can be explained as the 'piling’'

up of vortex lines, swept in by the incident flow. And,

the author explained that the effects of shear in the inei-
dent flow on the separation at the sides or at the top of
the building were still nokt known, and the effect on the
roof vortices was equally uncertain. The addition of
turbulence to the incident flof affected both the steady
and the fluctuating veloéity near the building. One of the
basic effects of turbulence on steady flow was to force

the wake to start nearer the rear of ths building. The
other effect was to thicken the shear layers.

Both, the magnitude and the distribution of the pres-
sures were greatly influenced by the shear and turbulent
properties. of natural wind, and also by the proximity
of neighbouring buildings.2> |

These results have been checked by theoratical calcula-
tions and aerodynamic theories and also by full scale
experiments.

The experiments of Cook (1970)54 at Bmia#oi ﬁniversity

.* gwere aimed at finding out how the intensiﬁy and eoala of

turbulence affect the flow at the aider 4 13 the ‘wake of
a rectangular block with a square segtion. uaﬂ 2 height,
three times the side. The results have shown how increasing

the scale of the turbulence intensity and, the scele of

the turbulence destroyed the vortex shedding,

(52) Philosophieal Transactions of the Rﬁ@ll Saai'ty ef
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. An early experiment from thirf.cs was done by
Jjensen?? who examinedwethe flow behind artificial screcn |
in nature and similar scre:ns in the wind tunnel and found |
that the shelter in nature was meeh shorter than that in |

the tunnel. The reason was stated Uhat tle natural wind

was more turbulent than in the tunnel. .nd, the otner.

reason which was notb stated at that 1"*aort mignt be the
tunnel blocage upon the flow.

snother research was done for e:aminin~ air nellution

problems. Lmoke came out from a tall staclk of.a factory

at different velocities upon the ﬁroups»éf-buildinﬁs ond

Basic arﬂav around a
tower *ype building-

was seen that [low could not reach the surfaces of buildinrs

if flow is low but ~etting higher thon the veloclty, the

effect of smoke on buildings jnereased.”®

./
Jaines searched for an experinent how flow about a A
btllulnt in & built-up area differed from that.about a
Slnlldr buildine in open level country. 57 Jlow pa ttern
around a typical sky-scraper of square plan of height/

breadth ratio of 8, and also a lon”, low building have been
observed. (#ire Bele)e

. In the Depertment of Lnvironment of Duilding Research

station,many investisations were tried. These rescarches
which were sinmilar to ours showed 1ntevest1ng results
conccrnlng architecture.

They used wind speed ratio (R), representlng the ratio
of wind speed at pedestrian height, near a building to
free wind speed at the same helghv W1th no building around.
By using this ratio, they could compare the flow around
buildings and interpret them accordlngly. When the wind

(54) Proceedings of the Conference held ab the National v ) iy
- ., //’/1 ,///////1/////

Phys;oal Laboratory, Wind Effects on Buildings and
otructures, Londom, 1965, Pe 463. |

uof the Iatr. Research uominar held at the

of Canada,iind Effects on Airtlow around raised buildings.
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flew over raws of low buildings as in the older parts of
a town, pedestrian areas were generally sheltered with
wind speed ratios, R, in the region of 0.5 to 0:7.

In Fig. B.2., the wind divides at about 2/3 to 3/4 of
the bullding height. Above this division, the ailr flows
up the face of the building and over the roof. Below, the
wind descends to form a vortex in the space in front of
the tall bullding, and sweeps around the windward corners.
This produces high wind speeds in regions A and B, where
R may be as high as 1.5 and 2.0 respectively. And, other
experinents deal with the buildings raised upon piérs and
it is seen that the velocity under such places arc very
high, (Fige Be3.).

Effects of velocity distribubion on wind loads and flow
pattern on buildings have been studied by W.D. Baines.>S
Pressure distribution has been measured in a wind tunnel
and changes in the flow pattern due to the veloecity
distribution have becn observed and correlated with bhe
Pressure distribution. Only in the front surfaces,
distinct phenomena were observed. An intense downward
flow carrying high energy air to ground level exist on tall
buildings, and on low structures a region of reversed flow
occured at ground level, resulting in an attached eddy.

. Gome other test results show the great variety of
architectural treatments create possibilities of the
appearance of vortices which cause pressure pulsations of

~ various frequencies and amplitudes. Under certain condi-

tions, these vortices may produce pulsations, sufficient
to break windows, and cause fatigue failure in mental work

- panels, and in winds ef long duration to cause discomfort

to the occupants.

(57) SLXTON, D.i., Luilding Aerodynamics, Building Research
<tation, London, 1963, p.l1l7.
(58) Proceedings of the Conference held at the National
' Fhysical Laboratory, Wind Effects en Buildings and
L Stznstures, London, 1965, ?~198, '

L=
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.

Another group of studies dealt with the eifect of
the slope of the roofs. For example, it was found that
the wind around the roof slope of 20° had no effect of
pressure and suction.® And, Aronin stated that: 'Le
Corbusier has thus probably accomplished more than one
purpose when he provided gardens on top of the reofs .of
his dwellings, the layer of the air trapped in the blades
of grass and other plant cover undoubtedly reduced the
wind e¢hill effect on that horizontal plane'.61'

(59) Philosophical Transactions of the Royal Society of
London, A Discussion on Architectural Aerodynamics,
The Royal Society, London, 1971, P«%463.

(60) AROWIN, J., Climate on Architecture, Lheinhold Pub.,
UeSshe, 19675, pe205.

(61) Ibid, p.l86.




BIBLIO G APEY

1. ACKOFs#, Russel, Scientific liethod, John Wiley ang Sons,
Ue B¢ 4., 1967

2+ AKBAN, Muammer, Jcus Hekanizi, I.7.U. Yayinlari,

Istanbul, 1955,

5« ARONIN, J. E., Climate and architecture, Frogressive

Architecture Book, Reinhold Pub., U.S.A., 1963.

4, ARNOLD, Lee, Dynamic Measurement in Wind Tunnels, NATO,
Paris, 1955, .

5« BRADSHAW, F., An Introduction to Turbulence and Its

Measurement, Pergamon Press, Germany, 1971.

s

6. BRADSHAW, P., Experimental Fluid Mechanies, Pergamon
Press, London, 1964,

7. DAVIS and SORENSEN, Handbook of Applied Hydrauligs,
lcGraw Hill, 1969,

8. DIEHL, W. Stuart, (Translated by OLMEZ, Orhen),

Tecriibl Aerodinamik, L.7.U., 1951,

9. DWINNELL, James, Principles of Aerodynamicé, McGraw

10. LKGEL, C., (Ed.) Photorraphy for the Scientisgt,

Acadenic Press, London, 1968,

ll.qEnhdamegtg;g; of Aviation and Spacse Igchnology,
Institute of Aviation, University of Illinois, Urbana,
1966, - |




12,

13.

14,

15-

16,

17.

18.

19.

20.

21,

The Rﬂnl Segiety, wondon, 1971,

69

GRIGG, P.F., Bxperimental Techniques for ¢/ind Tunnel

Tests on Model Buildings, Building Research Station,

London, 1972.

GORKING, SeM., Wind Tunnels and Their Instrumentations

U.53. Department of Commerce, Springfield, 1966.

KARMAN, Von Tneodore, Aerodinamik, ii.ieiie, Aragtirma

ve Geligtirme Baskanlijir, Ankara, 1965.

KING and BRATER, Handbook of Hydraulics, licGraw Hill,
1963.

LACHIMANN, G.V. (Bd.) Boundary Layer and Flow Control,

Per::amon Press, London, 1961, Vol.I.

LARMORE, Lewis, Introduction to Photozraphic Principles

Dover Publications, U. S. A., 1965.

OLGYAY and OLGYAY, Design Jith Climate, rinceton

University Press, New Jersey, 1969,

Proceedings of the International Research Seminar
held at the National Research Council of Canada,
dind mffects on Buildings and Structures, Ottowa , 1967

Vol. I. and Vol. II. 3

Proceedings of the Conference held at the National

Physical Laboratory, Wind Effects on Buildings and

Structures, London, 1965,

Philosophical Transactions of the Royal Society of

London, A Discussion on Architectural Aerodynanmics,




22.

]
i

o4,

25.

‘TgWMWFWUN —

26,

27,

P 28,

29.

70
»

POTE, Alan, Wind Tunnel Testing, Her lMajesty's

Stationary Office, London, 1966,

- SEXTON, D.E., A Simple Wind Tunnel for Studying Air

Flow Around Buildings, Building Research otation,

London, 1972,

SEXTON, D.E., Building Aerodynamics, Building

Research Station, London, 1968,

SNYDER, P, William, Similarity Criteria For The

Application of Physical Hodels for the Study of Air

Pollution Meteorology, for Presentation to the Panel
on iModelling, Paris, 1971. |

WEBBER, N.B., Fluid lechanics for Civil Engineers,

F.end F.N. Spon Ltd., Great Britain, 1965,

Wind Tunnel and Fodel Testing Panel, NATO, Paris, 1966

" (Advisory Group for Aeromautical Research and Develop-

menty |

WISE, A.F.E., Wind Effects Due to Group of Buildings

Building rResearch Station, 1970,

TORRANCE, W.B., Wind Profiles Over a Suburban Bite
and Wind Effects on a Ealf Full-Scale Model Building,
Building Science, Vol.?7, lic,1l, March 1972, pp. 1-12.




L g T

g

71

BIBLIOuRAPHY (Periodicals, Lecture lotes, Term Papers,

Films ana References).

1.

6.

7.

Be

10,

1l.

d2.

-

Air Movement, Architects' Jougnai, 27th Hove. 1968.

Air Movement, Architects' Journal, 4th Dec. 1968.

Air Movement, Architects' Journal, 11th D=c, 1968,

Air Plow in Wind Tunnel Seen Ixactly, Machine Desig_,
April, 1972.

Brooklyn Poly Study Some Windy Problems, frogresgsive

Ardhitecture, June, 1971.

Bubbles are Used to Visualize Air Flow ratterns in

Jind Tunnels, IEEE Spectrum, May, 1971.

Chemical Jarfare, Ansyclopedia of Britannica,

Characteristics of Smoke Screen, [.i.E., Kayag Fabrikesa

‘Midiirliigid, (Ximya Mih, Fikret Akydn).

3
9- L

-low:Visualization, Zducation Development Center,

e e e et e et

1969,

Open Channel Hydraulics, Lecture Notes, Given by,

-Assoe.Prof.Cahit "Cgray,

Research on Buildings and Winds, ARCH, 501 Study of

the author, ¢iidem Berdi.

Wind Tunnels, KEREMOGLU, ?., Semester rroject, METU,
1972,




: | 72

i3. Wind Measurements Around Some Buildings, ADAKLI, ATTAR,

AVCIL, Semester Project, METU, 1972,

14, Wind Environment Around Tall'Buildings,‘Bﬁilding

Research Station Digest, Rl .BsA. Jourpal, Fay, 1972.

15. Wind Profiles Over a Suburbun Site and Wind Effects
on a_ﬁali_Fullﬁﬁsale.ﬁcﬁﬁlﬁ&ildigsi BORRANGE, W.B.,

Euilding Scienge, Vol.7, Ho.l, Verch 1972,




o e ’ - - T .
. )
- MM _ o
! 9 9
, ) o m
m
R _ “ <
> T :
SO —— e s -
0
g€ o
(@] = o a
2 g 32 g <
g <

Lo

vel:2,7m/s

dist-10cm
X
BBi4a

1.28m/s
dist: 20 cm
AB3b

vel -
BA3b

35

i
i
1
N i !
c & 1
m @) m
i a H
Lo ' m m i
0 =1 A \,M ",m
2o et m .
L
(i
m
i
T
!
1
I
" .
-2 i
() Hy
.\/:\/m\
a0~
=
oo N
N
~T m B
Oy @ <7
[ " 4& ~ /
=
Q5 < |
|
\
w .
|
1
t
}
i \
1
W /
P ;
@) L
S | ﬁ
.xwhm,,./ _.._ “ﬂ :
t O,
Y ,I..M.“ |
|
L. - B . s G |

vel 129
dist:30aom
BAZb

"AB?2b

<)

2

2]

£ e

. >
T 9

> o

AB?2a

J
‘
|
i
)
I £
- @ i
s 9 < !
S < o :
= — :
[ . H
- R En
m
<1
——
b - T - - e
£ E
(&)
89 =}
o . A Uuﬂlg.
B < m
g & 2 a
> T ~
- <
m
m
!
_
L
[
|3
{ i
, i
| i
I
i i
A, { ¥
[t 3 W _
“ .
Na— , i v
w i
¢ :
- 4 B et s o S - e e e e e e e lﬂ\,w.v - - y‘, - -~ e =
" | P
w - IR : “
= = { :
e w !
e m
ONOST .m
T % 1 g
> o o0
an}
=
2%
QV«”U
N NN _ NI
_, ,\ _/\ £ e \Dmxl,f c = _\,\u/: e
Lol ~— o O [y S w© LUl J: &
= - m & - o Q . Sy S O
- - O - A ; R 2 N o O
A2 NN - i — i —
N N TL = £ o S £ < hxt . < £
7S == L c
Yo ==




CHART

(L

)

without
model

h20em

o

A3b

A3c




