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The complete set of elaborated direct measurement systems for both drag force acting on a building
blocks area and scalar flux transfer from urban canopies, which we developed in the previous project,
systematic and comprehensive wind tunnel experiments to identify the so-called Bulk Drag
(Momentum) Transferring Coefficient & Bulk Drag Scalar Transferring Coefficient for various urban
geometric contexts were carried out. We identified a good first-step inception to get somehow universal
relations of both two bulk transferring coefficients with urban geometry as long as we choose
appropriate parameters. We grasped that not only building density but also slenderness of each building
blocks as well as height variation, array randomness are crucially affecting on the transferring
coefficients through turbulent structure brought by urban canopies. We also took other methodologies
than the wind experiment; PIV technique and CFD that make sure to investigate what is really
happening in and just-above urban canopies in terms of turbulent structure. LES, one of up-most CFD
techniques, reveals that TOS (turbulent organized structure) emerged above canopies in connection with
dynamics within canopies significantly affects on the thermal and aero-dynamical forcing effect.
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7 1 Details of arrays used in Experiment B

N Arrays Elements Op oy
Cd K TY Ce OF5E Bg{?‘% %?ﬁzﬁ# HEEb e HM Six types of miniatures of human body 3.05 7.8
Xy /) E—E RS E OB R E M & arranged;n sta3gsgered layout.
-~ - /B - NS 222 b = 38mm
e %75) el 7:‘ - 5 ﬂf_ﬁk% 6i{)|ﬂ2’§%f$?j&z CY-7.96 Rod array with staggered layout 796 | 7.96
JFUOBERER Y, KBFERAAL DNy (diameter 25mm, H 37.5mm)
journal T & % Boundary-Layer Meteorology RB-1.5 Re“a{lgmai ?21‘;01;;‘“*:_3" ;V;t? S‘at‘)%gered L5 | 15
- =\ 2 4 ayout (25x25x H 37.5mm
( BLM) T %\é % A H: ﬁﬁ & 1%: RARA RB-3.13 Rectangular block array with staggered 3.13 3.13
(Hagishima, Tanimoto ;2009 [BLM], Narita; layout (12x12x H 37.5mm)
2007 [BLM], Hagishima, Narita, Tanimoto; 2005 RB-7.5 Rectangular block array with staggered 7.5 7.5
[BLM]) #%, ZhbaR#iny & LT, i yon G2 BT

o, refers frontal area to roof area ratio of roughness element, which is same as
ratio of frontal area index s to plan area index A,. o, refers ratio of frontal area
to vertically averaged plan area of roughness element.
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Aspect ratio o,

1 Maximum drag coefficients of an array of Experiment B
against aspect ratio o, of the array. ‘Present study’ refers the data
of RBIL.5, RB-3.13, RB-7.5, CYL-7.13, and HM. Values
presented in Hagishima et al (2010) and Sheikh et al. (2010) are
included for a comparison.
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Aspect ratio o,

2 Plan area index with which maximum drag coefficients of
a block array takes place against aspect ratio o, of the array.
‘Block array’ refers the data of RB1.5, RB-3.13 and RB-7.5.
Values presented in Hagishima et al (2010) and Sheikh et al.
(2010) are included for a comparison.
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Aspect ratio o,

3 Frontal area index with which maximum drag coefficient
of a block array takes place against aspect ratio o, of the array.
‘Block array’ refers the data of RB1.5, RB-3.13 and RB-7.5.
Values presented in Hagishima et al (2010) and Sheikh et al.
(2010) are included for a comparison.
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