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We developed an elaborated direct measurement system for drag force acting on a
buildings block area. By using this device, systematic and comprehensive wind tunnel
experiments to identify the so-called Bulk Drag (Momentum) Transferring Coefficients
for various cases targeted at realistic urban situations represented by several complex
geometric parameters. We also developed a measurement system for accurate
evaporation rate from water surface based on the so-called Salinity Method. By means
of this, we conducted another series of wind tunnel experiments to obtain the so-called
Drag Scalar Transferring Coefficients. Those two series of experiments are designed to
be comparable in terms of having same geometric parameters. Huge amount of the
experimental data sets leads to clarify what geometric parameter dominates on both
momentum and scalar transfer within/ just above urban canopy. To the end, turbulent
transferring effects for both momentum and scalar are enforced by “randomness”
resulting from building height distribution, roughness array.
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Fig.1 Plan view of arrays with uniform heights.

Table 1 Details of roughness.

Case Arrangement . Variance of height of
roughness elements
_ NI | Normal 1H
NI1.5 1.5H
S1 st d 1H Uniform heights
S1.5 aggere 150 6/Hayy =0
D1 . 1H
D15 Diamond TS
N1.5-n Normal 1.5H
S 11.5—n Stgggere((ii i'SH Non-Uniform heights
D1.5n Dlamonl SH 1H&3H,
N1.5-s Norma 1.5H o/H,, = 0.58
S1.5-s Staggered 1.5H
D1.5-s Diamond 1.5H
NI1.5-s* Normal 1.5H
Non-Uniform heights
D1.5-s* Diamond 1.5H 1H&2H, o/H,, = 0.33

1H = 25mm, H,, is averaged height of arrays. Each case was
measured for five conditions of plan area density (7.7%, 17.4%,
30.9%, 39.1 %). o is standard deviation of height of roughness
elements.

[N1.5-n] [N1.5-5] [S1.5-n] [S1.5-5]
EOED | EOE0O | EONDO EOEDO
oooo| oooo| oooo| oooo
mOomCc| omom|{momo [omom
ooooYooooY ocoooY oooo
[N1.5-5%] [D1.5-n] [D1.5-s] [D1.5-s%]
EO0EO0D, EOE0C EOEO0 EOB0
omoe| oofo ocodo oedm
mono] mdm0 oMom EoO

OoooQo oOooOoao oOooOoao OoomoOoOm
H:3H E:2H O :1H <— :Direction of main current

Fig.2 Plan view of arrays with non-uniform heights.
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The black square and gray circle refer a measurement position of ultrasonic anemometer and

Fig. 9 Temperature fluctuation measured in the vertical line E-E’ shown in Fig.1. The horizontal and ver
refer the time and altitude scaled by the cube height z / H, respectively. The fluctuation of temperature :
colour bar is subtracted from time-averaged values of each measurement points for a period of 60 seconds.
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