EREHXIZBIT 58 ENK BT A 5T
LES M2 S\ K L ORI BUE 1255 LA/ L R BB a4
AIRFLOW AROUND BUILDINGS IN HIGH DENSITY BLOCK OF METROPOLIS

Effects of Reynolds number on airflow between buildings and wind pressure on building walls based on LES

g ", B R AL TR N MR, @ sE
Toshihiko SAJIMA, Toshio YAMANAKA, Eunsu LIM,
Tomohiro KOBAYASHI, Kanji FUKUYAMA

This study focus on wind pressure and airflow around buildings located in high density block of metropolis. In the wind tunnel

test, a scale of the models and velocity of approach flow are limited. So, when using small scaled models in the test, it is critical

matter whether the airflow around the models is equal to the airflow around actual scaled buildings. The purpose of this study is

to grasp dependency of wind pressure and velocity on Reynolds number. This paper shows the results of CFD analysis with 1:1000

scaled models of high density block conducted by LES.

Keywords : High density block, LES, Wind tunnel test, Reynolds number; Wind pressure coefficient, Turbulent Length Scale
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Natural ventilation is attracting attention as one method for realizing energy saving and BCP (Business Continuity
Plan). In urban area in Japanese metropolises, a large number of high-rise buildings are introducing natural ventilation
systems, and the way of ensuring stable ventilation performance is very important matter. In design stage of natural
ventilation building, building engineers have to decide the size and number of ventilation devices, such as openings and
chimneys or shafts. But it is not easy because the data of wind pressure coefficient to predict flow rate into rooms is not
enough especially for buildings located in a block where buildings are densely distributed (high density block). In
designing openings introducing natural wind from outside into rooms, grasping airflow around buildings is essential to
decide the shape and layout of openings. So, it can be said that the data of wind pressure coefficient and airflow around
buildings are necessary for natural ventilation design. In the wind tunnel test, the scale of the model and the wind
velocity of approach flow are limited. So, when using small scaled models in the wind tunnel test, it is critical matter
whether the airflow around the models is equal to the airflow around the actual scaled buildings.

The purpose of this study is to grasp the dependency of wind pressure and velocity on Reynolds number between
buildings. CFD analysis with 1:1000 scaled models of high density block are conducted by LES. By changing the upper
wind velocity of the approach flow from 1.0 to 100.0m/s, the influence of the Reynolds number on the airflow between
buildings and wind pressure on building walls are examined.

As a result of CFD by LES, these following things are clarified.

« The fluctuation amplitude of the velocity ratio (velocity at the monitoring point / upper wind velocity of the approach
flow) in the high density block increases with the upper wind velocity. And it does not increase when the Reynolds
number of monitoring points is 2000 or more.

+ The maximum velocity ratio of the street perpendicular to the mainstream of approach flow is about 1/4 value of the
street parallel to the mainstream.

+ The wind pressure coefficient of the building walls facing the streets in the high density block depends on the upper
wind velocity. On all walls, the area average of the wind pressure coefficient is almost constant when the upper wind
velocity of approach flow changes. On some walls, the standard deviation increases with the upper wind velocity.

+ At the monitoring point in the high density block, the velocity ratio, the turbulent length scale, and the turbulent
kinetic energy are large at higher positions, and the turbulent dissipation rate is large at the lowest positions.

+ The Reynolds number at the monitoring points in the high density block was calculated with the representative length
as 4mm, the distance between buildings. The velocity ratio, turbulent length scale, and turbulent kinetic energy stop
increasing when the Reynolds number is approximately 2000 or more. On the other hand, the turbulent dissipation rate

tends to increase even when the Reynolds number is approximately 2000 or more.



