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THE RESISTAMNCE NETWORE FOR TRANSFER FROM STREET CAMYOMS
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1. INTRODUCTION

WModek ol 1he ensngy balance ol 1he urban landscaps
need 1o accoun lor radiatve and fudulent framsisr 1o
and from all acive suraces. WhHist the radiatve
frareler is reasonably wel undersiood, Hile B known
aboun 1he fukulen frarsier. On the scale o a sires,
wutuler frarspod canbe represemad by a nstworls of
resistances between 1he suraces and the air (=g
Wasson, 2000. The valies o 1hess rssistances for an
ulan geomsiny are nol aurremly known, This papsr
descibes how the naph halens sublimat oniechnigus,
ceveloped in Barlow and Belcher (2002], can be ueed
o measure 1hese resislances in aw nd unnslmodsl .

2. REEBISTANCE METWORK

Figre 1 shows 1he resistance network dor a siresi. Ry
iz 1he siresl resistance, Ralle=) and Ruofwind] 1hs
resistances  dor the  lee and windward walk
respect vely; Fyis 1he resistance 1o framspod ool ol 1he
giresl camon and Rea 1he resistance {ran 1he
i bl ng rools.
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Figure 1: Resistance network for a strest campon.
The arrcw shows the wind direction.

The r=sistance, Ry, o framspor from 1he sies ino
ihe amosphere aboveis gven by:

R=R;+R,. i)

The resistance, Ra, from 1he walllo1he aimosphers is

R, =(W/HIR, +F,. i2)

The resistance, Rj, fnom bothwalland sirest is

Ry=FR, +M . i3]
WR,. + HR,

Equatons (1), (2] and (3] can 1then be imvered 1o
oblanFs, Frand Byxintems ol By, R: and F,.

Ri, Rz and R;, were measured weing naphitalsns
subimaion. The active surace was coated with
rnaphihalens and 1hen ihe windunnsl was mn al a
coretam windspesd. The changs in mass o
raphihalens cver 1he un was 1hen measured o gve
ihe lux ol ol 1he camyon, F. By monionng the
wmpsaie, T, d 1he acive surdace and aoplying 1the
ideal gas lw, 1he source concemalion ol
naphihalens wapour, s was cakulled. Combining
ihe twogives the resistance

R=Fs )

F

assuming 1hal 1he badiground concemraion ol
naphihalens iz nealagble. By coaling i) 1he sirest only
fiij the wall only and fii] 1he sire=l and wall with
naphihalens we cbiained Ry, Rz and Ry respecivealy.

3. MNAPHTHALENE SUBLIMATICON METHOD

Figure 2 shows a side-view ol 1he sspeimemal
arranganem. A boundary lyer was gensraled LEng
a lence and rocghness elanenis jol. sxpeimen Bin
Barkwr and Belchsr, 2002, An armay o 8 sies
camyons was used with buikdings ol heighl b=12.5mm
and varying siresl widih  fw=30, 12.5 &.23mm).
Maphi halens measuremenis were made i nihe sighth
camyon downsirsan.  Windspssed was measured al
ihe 1op o 1he boundary laysr al the midpd m ol 1he
daghih canyon g a Pilodstic ke The
emperaiares ol 1he siresl and walls were measuned
LEi g themmisions,

For sach geaneiry 1he resistance Ay was deleminsd
for 5 winckpesds betwesn dms' and 13ns”. N was
found 1hat R, and R: could be denved fram 1he A
measuranems, i 2. 1hal 1he measured resistances
werz independznl ol the concenration o naphitalens
in the camyon. For =ach aspscl raio, 1the Rj
sxpenment was repsalsd lor the bah les and
winchward walks.

“Tanet F. Barlow, Depl. of Mekomlogy, Univ. of Rexding,

Earley Gae, P.OBox 243, Reading, RG&GGEE, L.
E-mail: j.falow@reading acuk



-
R TR LR T o] |
Bira
n 2
[ 1 1 nn
"t 1 t
.I. 3 = Ji
PN =T

Figure 2 side-view of experimental arrangement.
Temperatures of the wall and the strest were
measured uzing therm istors.

4. REBULTS

H was observed in all casses 1hat 1the frarsier wlooity
wr = 1/R was a Insar luncion ol wind speed with
negiable olss1, hence 1he dmemsionless =sislance
UFR = UWwy was corslam over 1he range ol wind
spesck sludied lor =ach surace lor sach geamesiry.
This suggssts 1hal the wibulence was the doninan
procsss in franstering scalas from all surdaces.
Foure 3 shows dmemsionless resistance IR for sach
surface as a junclion ol sirsel agpeci mio HW.

H can be seen thal UR, for frarsder iran 1he lesward
wallis almost twice 1he value fran the windward wall.
This iz cormsisten wilh measurements ol fracer
concemraions wihin a sireel camyon (Kasiner-Klein
and Plals, 1929 which showsd increased
concemraions o 1racer a ihe lee wall, suagesiing
weaker frarepon in s vwadnily. The dmem=onlss
resistance lor 1he sirest UR: les betwesn 1he two
valuss. N ois imeresing 1o compars our measursd
valuss ol UR. with wabies caloulated weing 1he
empical {omula guoled in Masson [(Z30). In
cormras o our measuranens DR, vanss wilh wind
gpeed, and a ranges ol vales is shown lor sach
agpect raioinligure 3 For HW=025 and 1 1he rangs
ol compuled values ol URe is comparable with 1he
measured vabies lor le2 and windward walk. There
areimporan diisreznces or HW=2.

UFR iz small, whch suggesis 1hal once iramsier fnom
the suraces within 1he camyon has oocoomed,
venilaion rom the camyon is apd. BEvdenially 1he
shear laysr al ihe 1op o 1he camyon air gpace
promaotes vgonoue mixng with 1he boundary bayer as
suggesiad by the cbesrvaiomns o Louka, Bekher &
Harnson ooy,

H can be s==n thal 1here is a small increase in all
valuss ol dmemionless  redislance betwesn
HWa=025 and 1, bui a nolable i norsass 1or HW=2 1or
the siree! and leswand wall As HW=DE5 marks 1he
orssl ol the skimming regme, 1his resull sLggssE a
more draslic reducion in the camyon winds lor
1=HW-=2, resulling inmuch reduced 1rarepor from
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Figure % Dimensionless resistance UR as a
funetion of aspect ratio HW.

sach surace withinihe camyon. This is corsisten with
the modeling resuls o Sin = al (1988, who
cbserved 1he omssl ol two coumer rotaling vorices
within ihe camyon jor aspsci raice ol HWzEl B,
Funher expenimans il b2 carmed ol 1o clanly 1his
foeci .

5. CONCLUSIONS

Maphi halens subimation has been wead 1o caloulate
resistances o Libulen 1ramsierirom sudaces wilthna
sire=dl camyon. Fesule suggesi thal scalar framsier is
langest 1rom the windward wal and is smaller for 1he
siresl surace and lesward walls. Ths is comisten
with 1he decrzase in wind gpeed acund the main,
imemitler canyon worss. Tramsler o ol 1he 1op o
ihe camyonis muchmore sligem by companson.
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