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For deep understanding and precise prediction of the turbulent structures
over cities, using advanced monitoring technology (3D scanning Rider) and huge numerical
simulations, this project obtained the following results: (1) Rider observation revealed that the
major turbulent structure over cities can be classified into six patterns, (2) a proposed theory on
the basis of non-dimensional physical analysis to describe the SEan width of streaky structures can
successfully explain the laboratory scale to Atmospheric scale phenomenon comprehensively, (3) large

eddy simulation for the atmosphere over cities quantified the relationship between the urban
geometry and resulting gust index near pedestrian level, and (4) the turbulent structure over
cities, regardless of the nature of their highly-inhomogeneous and very rough surface, have
self-similar feature as are many turbulent boundary layers over rough surfaces.

Large Eddy Simulation



1 2km

, 2012; ,
2008; , 2007; Kanda, 2007;
Kanda, 2006

, 2012

, 2012; Fujiwara et al.,
2011; Fujiyoshi et al., 2006; , 2005,

2000

Inagaki et al., 2012;
Castillo et al., 2011; , 2008; Kanda,
2006; Kanda et al., 2004a,b

1 km2 120

Kanda et al., 2012

(1)
(2)
(LES)
LES
@
77m
8km 360°
2
8km 180°
1
, 2012;

Fujiwara et al., 2011; Fujiyoshi et al.,
2006; , 2005,

@ 1

90m km

2011, Oda et al.
2012



® 2

30

Inagaki and Kanda, 2008; 2010
*)

( )
8kmx 8km x 2km

TSUBAME2.0
GIS MAPCUBE
2m

Kanda et al., 2012; , 2008; Kanda,
2006; Kanda et al., 2004a, b

®)
VAD
( )
(©)
, 2012; .
2009; , 2008; , 2007;

Kanda, 2007; Kanda, 2006

€Y

19.6kmx
4.8kmx 1km 2m
LES
TSUBAME2.5 900GPU
la
1b

@
©)

2a



10%
1.2 -+
(@)
1 3
1
0.8 -+
15%
VA
5 0.6 -
0.4 - © Zuw (14) = Zuw (Ota) ° BLH (W8)
1500 s T .
0.2 A £ 1000 -
o =
0 E= 500
0 0.5 . i .
)ly/ 6 o o JapanSta?'n/jardTime o o
0.5 - o,
(b) iy 3
0.4 - ) S
Z¢ _10.3
sM ®
0.2 +
2m
0.1 A
3
10
0 T T T 1
0 0.2 0.4 0.6 0.8
Aycr/S
2
@
()
@




500m

30%

(Gl]

Skimming flow regime

0 T T T T T 1
0 0.1 0.2 0.3 04 0.5 06
P
5 2
[GI] [A pl]
22
Huda, A., N., Inagaki, A., Kanda, M.,
Onodera, N. and Aoki, T. : Large

Eddy Simulation of the Gust Index in
an Urban Area using the Lattice
Boltzmann Method,

Boundary-Layer Meteorology,
DOI110.1007/s10546-017-0233-6
Inagaki, A., Kanda, M., Huda, A.,N.,
Yagi, A., Onodera, N. and Aoki, T.:
A numerical study of turbulence
statistics and the structure of a
spatially developing boundary layer

2017,

over a realistic urban geometry,
Boundary-Layer Meteorology,
DOl 10.1007/s10546-017-0233-6
Yagi, A., Inagaki, A., Kanda, M.,
Fujiwara, C. and Fujiyoshi, Y. : Nature
of Streaky Structures observed by a
Doppler Lidar, ,Boundary-Layer

2016,

Meteorology, 2016, DOl 10.1007
/s10546-017-0233-6
B1
72 2016 pp-1_79-1_84

Huda, A.,N., Inagaki, A., Kanda, M.,
Onodera, N, and Aoki, T.: Large Eddy
Simulation of the gust factor using
Lattice Boltzmann Method within a
huge and high resolution urban area of
Tokyo, Journal of Japan Society of Civil
Engineers, , Vol.71, 2015, pp,
1_37-1_42

Gronemeier, T., Inagaki, A., Gryschka,
M. and Kanda, M.: Large Eddy
Simulation of an urban canopy using
Synthetic turbulence inflow generation
method, Journal of Japan Society of

Civil Engineers, Vol.71, 2015,
pp,l_37-1_42
Bakkali, M., Inagaki, A., Ashie, Y.,

Yoshida, Y., Kanda, M. and Raasch, S.:
Thermal Large Eddy Simulation with
sensible heat flux distribution from
various 3D building geometries,
Journal of Japan Society of Civil
Engineers, ,Vol.71, 2015, pp,
schl_433-1_438

Roth, M., Inagaki, A., Sugawara, H.

and Kanda, M.: Small-scale spatial
variability of turbulence statistics,
(co)spectra and turbulent Kkinetic

energy measured over a regular array

of cube roughness, Environmental
Fluid Mechanics, ,2013,
DOI110.1007/s10652-013-9322-3

Kanda, M., Inagaki, A., Miyamoto,

H., Gryschka, M. and Rassch, S. : A
New aerodynamic parameterization
for real urban surfaces,
Boundary-Layer Meteorology, ,
148(2), 2013, pp.357-377

Takimoto, H., Inagaki, A., Kanda, M.,
Sato, A. and Michioka, T.: Length-scale
simuilarity of turbulent organized
structures over surfaces with different

roughness types, Boundary-Layer
Meteorology, , 147(2), 2013,
pp.217-236

Inagaki, A., Kanda, M., Onomura, S.
and Kumemura, H. : Thermal image
velocimetry, Boundary- Layer




Meteorology, . 149(1), 2013,
pp.1-18

34

Meral Yucel Misha

Gryschka
2016
9

Inagaki., A. and Kanda, M.: An
application of the thermal image
velocimetry to detect the dust-devil like
vortex, 22 Symposium on Boundary
Layers and Turbulence, Jun. 2016, Salt
Lake City, Utah, USA
Inagaki, A. Huda, A.N., Yagi, A,
Kanda, M., Onodera, N. and Aoki, T.:
Evaluation of the outer-layer scaling in
a developing urban boundary layer
using lattice Boltzmann method, 22nd
Symposium on Boundary Layers and
Turbulence, Jun. 2016, Salt Lake City,
Utah, USA
Oda, R., 1Inagaki, A., Yagi, A.
Kanda, M. and Fujiyoshi, Y.
The Height of Surface Layer Observed
by Doppler Lidar in a Coastal Area of
Tokyo, 22nd Symposium on Boundary
Layers and Turbulence, Jun. 2016, Salt
Lake City, Utah, USA
Yucel, M., Inagaki, A. and Kanda,
M.: Boundary-Layer Development with
Buoyancy-Driven  Flows over a
Built-Up area in Istanbul, 22nd
Symposium on Boundary Layers and
Turbulence, Jun. 2016, Salt Lake City,
Utah, USA

Nurul Huda Ahmad,

LBM
2015 9

Kanda, M., Inagaki, A., Huda,
N., Aoki, T. and Yagi, A : Large
eddy simulation of internal boundary
developments over a huge urban area
with 2m resolution, 9th International
Conference of Urban Climate, July,
2015, Toulouse, France

Inagaki, A, Kotthaus, S. and
Kanda, M. : Characterising internal
boundary layers forming over an
idealized urban surface based on air
temperature observations with high
spatio-temporal resolution, gth
International Conference of Urban
Climate, July, 2015, Toulouse, France
Oda, R., Inagaki, A., Yagi, A,
Kanda M. and Fujiyoshi, Y. :
Multi-point Doppler Lidar observation
in urban area, 9t International

Conference of Urban Climate, July,
2015, Toulouse, France

0

http://ww.ide._titech.ac.jp/~kandalab/j
a/index.html

@
KANDA, Manabu

@
ASHIE, Yasunobu

FUJIYOSHI, Yasushi

ODA, Ryoko

(SUZUKI, Shinichi)

INAGAKI, Atsushi

NAKAYOSHI, Makoto



