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Wind speed and air temperature profiles are measured in-an urbanized 
area. The two-dimensional space for numerical simulation of an urban 
wind is modelled after the field observation area. The Large Eddy 
Simulation (l.£:S) is applied as a turbulence model. The effects of grid 
systems. turbulence conditions on the inflowing boundary and the 
Smagorinsky constant on the results of the numerical simulation are 
examined comparing with the results of the field observation. 

1. Introduction 
The urban vind is here defined as the vind vhich is blowing over 

an urban area. Urban atmospheric and thermal envirorunent is greatly 
influenced by the urban vind(3). E.specially, it is a vel-1-known fact 
that the sea breeze relieves the urban thermal envirorunent vhich grovs 
vorse in sununer(l). In order to utilize the urban wind better it is 
necessary to grasp the characteristics of the urban vind in the actual 
condition and to predict it in the various planned cases. The urban 
wind is non-isotropic, non-isothermal turbulent air flov. Numerical 
simulation of turbulent air flov is expected to be the very method to 
predict the urban vind. Hovever, the urban wind is a difficult object 
for numerical simulation because of its magnitude and boundary 
condition. It is too large to calculate in the inner layer, and not 
so large as the general circulation of atmosphere. The configuration 
and temperature distribution on the ground surface and the turbulent 
component of inflowing vind speed are very complicated. 

The application of the Large Eddy Simulation (LES) to the prediction 



396 

of the urban wind is tried in this paper.. The urban area that is to 
be calculated is a simplified model based on the field observation, 
\lhich is conducted in a seaside city. The objective \lind for numerical 
simulation is the sea breeze. Several cases of numerical simulation 
are carried out and examined comparing vith the field observation data. 

2 . Field Observation of an Urban Wind 
2.1 Observation Points 

The field observation of an urban wind is conducted in the Fukuoka 
city, Japan. Fukuoka is contiguous to the bay of Hakata by the northern 
border. The observation area is shown in Fig. 1. There are t\lo parks, 
Nishi park and Ohori park, the rest of this area is almost covered \lith 
buildings. The ground surface of this area is nearly horizontal level 
except Nishi park which is a hill of 40m high. Ohori park has a large 
pond. Three points are fixed to measured the profiles of vind speed 
and air temperature. They are Point A. Point B and Point C, shown in 
Fig. 1. Point A is located on the seashore. Point Band Point Care 
located at the northern and the southern end of Ohori park. Ground 
and water surface temperature is measured at Point D and Point E, 
respectively. Point D is in a small park in the dwelling area. Point 
E is on an islet in the pond. 

2.2 Observation Procedure 
The profiles of vind speed and air temperature are measured at three 

points simultaneously by three tethersonde systems(5). The \lind speed 
data are recorded in magnetic tapes, which is converted into digital 
data at intervals of 2 seconds. The measurement heights for the 
profiles are 5, 10, 15, 20, 25, 30, 35, 40, 50, 60 and 80m. These data 
are measured for 5 minutes at each height, and there are 1 minute 
intervals among them. Therefore, it takes 65 minutes for a series of 
the measurement. The vind speed data are non-dimensionalized by divided 
by reference wind speed, taking the long term fluctuation of wind speed 
into account. The reference wind speed is measured at a fixed height 
by 3-cup anemometers at each point, simultaneously. 12 series of the 
measurement are carried out at intervals of 2 hours all day long. The 
ground and water surf ace temperature are measured by infrared 
thermometers. Both the bare ground and the asphalt surface temperature 
are measured as the ground surface temperature. 

2.3 Observation Results 
The field observation term, ZT-213 Aug., 1985, vas fine, and the 

sea breeze blev clearly from 10 to 19 o"clock(5). The diurnal 

fig. t. Observation Points in Fukuoka city 
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fluctuations of three kinds of surface temperature are shown in Fig. 
2. The vater surface temperature is almost constantly 29-c all day 
long. vhile the asphalt and the bare ground surface temperature range 
from 25 to 56-c and from 28 to 47-c, respectively. The vater surface 
temperature is regarded as the basis temperature, and the average of 
the asphalt and bare ground surface temperature is supposed to be the 
ground surface temperature. The difference betveen them is regarded 
as the representative temperature difference. These values are used 
to non-dimensionalize temperature data. The profiles of the 
non-dimension mean vind speed are shown in Fig. 3. These profiles 
are found in log-log scale from the average of the mean wind speed of 
the sea breeze. The profile of Point A is almost constant, and this 
vind speed is regarded as the representative velocity. The profiles 
of Point B and Point C are fit for the Power !av with exponents of 1/4 
and 1 /8. respectively. The profiles of the average turbulence intensi·ty 
of the sea breeze are shown in Fig. 4. Turbulence intensity at Point 
A is the smallest and almost 10% uniformly above the height of 20m, 
vhile it is larger in the lover part owing to the surface roughness. 
Turbulence intensity at Point B is larger in the lower part and smaller 
in the higher part than that at Point C. The profile of air temperature 
at Point A is shovn in Fig. 5. These temperature data are 
non-dimension average values of the sea breeze hours. The air 
temperature at Point A means the sea breeze temperature. The average 
air temperature of the sea breeze is almost equal to the basis 
temperature above the height of 15m, while the air temperature in the 
lover part is influenced by the ground surface temperature. 
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3. Numerical Simulation Space 
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The actual purpose of the numerical calculation carried out here 
is to simulate the measured sea breeze. The space for the numerical 
simulation has to be similar to the observation area. However. the 
configuration of the groµnd surface is so complicated. that it is almost 
impossible to model it entirely similarly. The measurement points are 
assumed in a line. that is the streamvise direction of the sea breeze. 
The air flov distribution~in the spanvise direction is not considered 
in the field observation. Then, a tvo-dimensional rectangular space 
shown in Fig. 6. is fixed for the numerical simulation. 
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The stream1Jise and the vertical axis is x and z, respectively. 
The length in x direction is 2000m, that is nearly equal to the distance 
bet1Jeen Point A and Point C. Point B is t200m leevard from Point A. 
The length in z direction is 80m, that is the height of the field 
observation. This height is regarded as the representative length to 
non-dimensionalize the length. Consequently, this area is the length 
of 25 and the height of 1 in the non-dimension scale. 

Pover lav profile 
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External cell 

Fig. 6. Numerical Simulation Space Fig. 7. Boundary Condition on 
the Ground Surf ace 

4. Nwnerical Simulation of an Urban Wind 
4. 1 Governing Equations 

The l...ES is adopted here as a turbulence model. The equation of 
continuity, the Navier-Stokes equations and the energy equation, the 
governing equations of air flov, are filtered using a top-hut filter 
function(2,6). The filtered equations are expressed as follovs: 

aui _
0 ari 

Olli +-a-(u ·u ·)-- op +_Q_(vscs ·e· ·+-t_ aui )+c52 · Gr a 
M or; 1 

' oxi ox; '' Re or; 1 Re2 

aa + a (u e) a (""~+ 1 aa ) dT OXi i - OXi ~c')Xi Re·Pr dXi 

aui au; e··--+-
'' dr; dXi 

(1) 

(2) 

(3) 

(4) 

vhere, Ui is the component of the velocity vector of the grid scale in 
the Ii direction, i=t means r, i=2 means z, t is time, p is pressure vith 
the subgrid scale (SJS) turbulence pressure, a is temperature, vscs is 
the SlS eddy viscosity, xscs is the SlS eddy diffusion coefficient, c5i; 
is the Kronecker· s delta, Re is the Reynolds number, Gr is the Grashof 
number, Pr is the Prandtl number. Here, the Leonard stress terms and 
the cross terms in the Navier-Stokes equations and the terms in the 
energy equation vhich correspond to them are supposed to be ignored. 
Temperature is treated as a passive scalar vithout the buoyancy term. 
vscs and xscs are found by the Smagorinsky model(7) as follovs: 

(5) 

where, Cs is the Smagorinsky constant, 6 is the characteristic filter 
vidth. xscs is here supposed to be equal to 0scs. This is rather 
simplified modelling for the non-isothermal turbulent air flov. 



399 

4.2 Calculation Procedure 
The actual numerical simulation is carried out by the algorism of 

the MAC method on the staggered grid system(4). The spatial derivatives 
of all equations are approximated by centered differences, and forvard 
differences are used for time integral. 

Boundary condi lions of the tangential velocity component on the 
ground surface including the vater surface are defined as shovn in Fig. 
7. Namely, the velocity profile is assumed to be fit to the power law. 
The velocity in the external cell is found from the tangent of the pover 
law profile, that is defined at the calculation point of the velocity 
in the internal cell. The exponents of the power law betveen Point A 
and Point B, Point Band Point Care assumed 1/4 and 1/8, respectively, 
from the results of the field observation. The normal velocity on the 
ground surface and on the upper limit is fixed 0. The free slip 
condition is adopted for the tangential velocity and the temperature 
on the upper limit and on the outflowing boundary. The normal velocity 
on the outflowing boundary is also free slip. The tangential velocity 
and the temperature on the inflowing boundary is fixed 0. The initial 
values of all variables are 0, except the normal velocity on the 
inf loving boundary and the ground surface temperature. 

4 .3 Cases of Numerical Simulation 
As the instant values of the variables can be solved by the LES, 

the turbulent component of the velocity on the inflowing boundary should 
be examined. The streamvise and the vertical grid scale, those are Ax 
and ~. and their ratio are very important factor in the LES, because 
the characteristic filter width, A, is decided from them. It is another 
problem how to decide A from h.r and ~. Here, 15 cases of numerical 
simulation condition, shown in Table 1, are fixed, changing these 
factors and the Smagorinsky constant, Cs. The inflowing boundary 

Table 1. Cases of Numerical Simulation 

No. Gr id system ( ~ , ~) Inf low Boundary Cs A 

1 40xt6 (0.6250,0.0625) Constant 0 . 10 (~ ·A.) i 
2 40xt6 (0.6250,0.0625) Normal random 0.10 · {b.z·Az); 
3 40x16 (0.6250,0.0625) Uniform random 0.10 (Ar·A.) i 
4 (40+40)x16 (0.6250,0.0625) Approach floY 0 . 10 (Az·A.)i 
5 40x16 (0.6250,0.0625) Constant 0.12 (A.·A.)i 
6 40x16 (0.6250,0.0625) Constant 0.14 (A.·A.)i 
7 40x16 (0.6250,0.0625) Constant 0.17 (Az·Az); 
8 40x16 (0.6250,0.0625) Constant 0.20 (Ar·A.)i 
9 80x16 (0.3125,0.0625) Constant 0.10 (A.·A.)i 

10 200x16 (0.1250,0.0625) Constant 0.10 CA. ·Ar>; 
11 400x16 (0.0625,0.0625) Constant 0.10 (Az·Ar) i 
12 200x40 (0.1250,0.0250) Constant 0.10 (A.·A.)i 
13 400x80 (0.0625,0.0125) Constant 0.10 (~·~)! 
14 40x16 (0.6250,0.0625) Constant 0.10 (~·A.)i 
15 40xt6 (0.6250,0.0625) Constant 0.10 ~ 
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"Constant" means that the normal velocity on the inflowing boundary is 
constantly fixed l, "Normal random" and "Uniform random· mean that the 
normal and uniform pseudorandom numbers are given to the velocity, their 
mean · are t and their turbulence intensity are fit to the field 
observation. ·Approach flm1· means that the extra space, which is 
correspond to the sea and has the same length as the original space. 
is attached windward. Non-dimensional parameters, Re, Gr and Pr are 
decided from the field observation, namely they are 0.5xto8, 0.8xl0 15 

and 0.7, respectively. 

5. Numerical Simulation Results 
All the results of the numerical simulation are examined comparing 

with the field data. .As the values at Point A is the given condition. 
they are compared at Point Band Point C in relation to mean wind speed, 
turbulence intensity and mean temperature. The representative time of 
these numerical simulation is 10 seconds, supposing the representative 
vind speed is 8m/s. The non-dimension time 30 corresponds to 5 minutes, 
that is the measurement time of the field observation. All the 
numerical simulation results indicated here are found statistically 
from the data for 50-80 in the non-dimension time. 

Comparison of the inflowing boundary conditions is shown in Fig. 
8. There is not a great difference between them. The temperature 
profiles do not agree to the field data especially at Point B. It seems 
unnecessary to use the random number or approach flow calculation . 
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Comparison of Cs is shown in Fig. 9. They are almost the same values 
in relation to the mean wind speed and turbulence intensity. As to 
the temperature. the greater Cs is. the more distant from the field 
data. Cs-0.1 is thought to be the best of them. Comparison of the 
length and height ratios of grids is shown in Fig. 10. The ratio is 
changed by the length of a grid. When the grid length is shortened. 
the turbulence intensity gro\ls larger and becomes distant from the field 
data, while the temperature is closer to the field data. '1z/'1x-1/5 
seems the best results considering all the indicated data. Comparison 
of the grid size is shown in Fig. 1 t. /izlbx of these cases is fixed 1/5. 
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The turbulence intensity of the finest grid and the temperature of the 
most rough grid are too large. Both the turbulence intensity and the 
temperature of the middle size grid, No. 12, agree with the field data. 
These results make the necessity of the appropriate grid clear. As 
the grid scale has direct influence on A, three kinds of A on a grid 
are compared in Fig. 12. There is a little improvement in the 
temperature profile, when the definition of A is changed from the 
ordinary way. It is, however, not enough in relation to the temperature 
at Point B. The influence by the definition of A is much smaller than 
that by the grid size. 

6. Conclusion 
The sea-land breeze blowing over an urban area was two

dimensionally measured by tethersonde systems, and the sea breeze was 
numerically simulated using the simplified model based on the field 
observation by the LES. The results of several cases of the numerical 
simulation partially agree vith the field observation data, however, 
it is difficult to fit them totally. There are some factors to be 
considered in the LES, the grid scale is the greatest factor that 
influences the results. Hovever, it is not easy to decide the 
appropriate grid system, because these changeable factors have to be 
correlated one another. The boundary conditions in the numerical 
simulation model are designed after the field observation results. 
These conditions should be solved numerically in order to adapt 
numerical simulation to various cases without field data. 
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