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Abstract: The paper applies CFD numerical simulation technology, selects the typica urban
commercia block as the research object, uses PM10 which are from automobile exhausted gas as
the source of pollution, simulates the spatial density distribution of the inhaable particle, verifies
the accuracy based on the monitoring data and reveals the diffusion rule of atmospheric pollutants
in the three dimensional block space. The results show that there is a close relationship between the
diffusion effect of the contaminated gas and three dimensional landscape pattern in blocks. At
different height levels such as 10 meters, 30 meters and 50 meters, the decreasing trend of the
density of the pollutants and the uniformity of the spatial distribution are quite obvious. The height
of the buildings along the streets, the space combination and the shape of the buildings themselves
determine the inner smoothness of the streets. In the urban planning, one must fully consider the
effect of three dimensional pattern on air pollution in blocks. From the aspects of urban ventilation,
open space, height of the horizon line and disheartened space of the bottom, three dimensional
landscape pattern of urban blocks should be optimized, which can effectively improve the current
situation of severe atmospheric pollution.

Three-dimensional landscape pattern of urban blocks is an important factor determining air
flow and diffusion effect of atmospheric pollutants within the blocks. It also affects the quality of
internal atmospheric environment M The gpatial layout structure of urban high-density commercial
district is complex with rich combination of the building blocks and diverse forms of the buildings
themselves. With the joint action of the urban meteorologica elements, the micro climate of an
urban area is formed '2°. The paper undertakes CFD numerical simulation of air movement at
different spaces and diffusion of inhalable particle PM10 within typical urban business districts,
analyzes the impact mechanisms of three-dimensional pattern on the diffusion effects of polluting
gases, and puts forward different optimization schemes of spatia patterns on the basis of the results.
Moreover, it provides atheoretical basis for the reasonable layout of urban block space.

Resear ch area and research methods

Research area

The research selects Shenyang’s Talyuan Street as the research object. The research scope
ranges east to Nanjing Street, close to Zhongshan Park, west to Shengli Street and Shenyang Station,
north to Beier Road, south to Nanwu Road. It takes vehicle emissions of PM 10 at three main roads,
namely Zhonghua Road, Zhongshan Road and Minzhu Road as the source of pollution. The region
has the following characteristics. (1) It is adjacent to Shenyang Station and is the transportation hub
with heavy traffic. The pollution of atmospheric particles is more serious; (2) It is Shenyang’s core
business economic district. People’s outdoor activities at commercial pedestrians are quite active
and the atmospheric micro-environment needs to be improved; (3) The block’s three-dimensional
landscape pattern has the characteristics of a high density urban businessdistrict  with high-density
building blocks and diverse forms of buildings’ layout ; (4) The structure of the underlying surface
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is complex with few green trees and dense road network. The streets stretch to different directions
and is not prone to the spread of pollutants.
Data sources

The numerical value of PM10 quality density coming from road vehicle emissions at Taiyuan
Street are monitored by CPR-KA type ar quality monitor. At different traffic times in
October--November, 2015, severa field monitoring are undertaken. Meteorological elements,
including daily average wind speed and relative humidity are derived from the annual statistics of
Environmental Monitoring Experiment Center, Liaoning Province. Origin software is applied to
process the quality and density data of PM10. Matlab software is applied to remove the inhalable
particles and meteorological anomalies in the data. All these serve as the basis for setting the
boundary conditionsin the CFD model.
Research methods

The research applies the method of monitor - simulation - verification and establishes a
three-dimensional spatial numerical model based on CFD. The distribution of particle density under
the three-dimensional pattern in blocks is stimulated in accordance with the quality and density of
the measured street particulate emissions as well as the set boundary conditions of meteorol ogical
factors. Moreover, field monitoring data is applied for verifying the model accuracy, which reveals
the impact of the three-dimensional spatial pattern of particle diffusion .

During the numerical simulation process, the release speed of pollutants is determined
according to the traffic flow and the speed of the emissions. This study sets the pollution source to
one meter liner pollution source on the supposition that the emission manner and the density is
stable. The density of the pollutantsis 0.08mg/m?® at a speed of 0.5m / swith a verticaly upwards
direction ¥,

Establishment of three-dimensional model

In the research area, the main roads, namely Zhonghua Road is about 910m, Zhongshan Road
is about 510m and Minzhu Road is about 580m. Through field reconnaissance, three-dimensional
pattern is established with the use of Gambit based on the external shape of the origina buildings.
According to the related research, in order to ensure the full development of traffic, the
computational area of simulation experience is a cabinet space of 1800m * 1800m * 300m .

M eshing generation and set of boundary conditions

To improve the accuracy of the simulated test, one applies unstructured mesh generation in
Gambit and undertakes mesh refinement near the ground and inside the street , forming an analysis
grid ranging from 10m ~ 20m. The annual average wind speed of Shenyang is3m/ sinthe northin
winter, so the inflow wind speed is set to be 3m / s and the turbulence intensity is set to be 2%. The
wind comes from the north. The exit of the atmosphere is the boundary condition for full
development. The upper boundary is a given symmetry boundary. The internal interface within the
block uses no-slip condition. Walls near uses wall-function method to process [©.

Select of control equation

The block model established by gambit is led to a simulation software called fluent to set the
relevant hydrodynamic conditions and at least 500 steps of iteration. During the simulation process,
the equations applied is"*%:

(1) continuity equation
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(2)  conservation of momentum equation

Wipg oo I T G)+vieo =12

Tt r T T

904



P— averagetimethefluid pressure
I — fuid dengity
V™ fluid kinematic viscosity coefficient

U, U; ™ pulsating flow velocity in thei and j components

U U, — pulsating fluid tangential stress
Xy X;— coordinatesi and j directions

U,,U,— fluid velocity in both directionsoni and j are the

(Standard equationsk - e)
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€— Turbulence dissipation rate
(3) Component equation
%+div(r uc,) =div(D,grad (r c,)) +s

S

C,— volume concentration of component s
I c,—  concentration of component s

Ds_ diffusion coefficient of component s

Verification of smulation results

In this simulation, the verification data mainly applies a variety of monitoring data and the data
verification points mainly distribute at streets and commercial areas within Taiyuan Street in
Shenyang. 15 monitoring points are selected to verify the results of model simulations. The results
show that it is feasible to use Fluent to stimulate the diffusion and distribution of PM10.

Resultsand analysis

distribution rule of pollutants at the horizontal section of block X-Y

Select of typical horizontal section

The three-dimensional block pattern changes obviously as the height increases. The building
density gradually decreases at different heights, and three streets turn out 90 °, 45 °, 0 ° angle with
the dominant wind direction. Figure 2 is the particle density distribution at heights of 1.5m, 10m,
30m, 50m, 80m in different horizontal section. It shows that the distribution uniformity degree and
the decreasing trend density of atmospheric pollutants are different at different horizons.
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_ H=1.5m 1I=iim H=10m
Fig. 1 Pollutant diffusion distribution at X-Y horizontal section of different heights
Effect analysis of three-dimensional pattern to pollutants’ density distribution at
different horizons

Table 1 is the description and cause analysis of the simulation results. It reveals the different
building density, the street direction, the interface continuity of streets and the distribution
characteristics of air pollutants at open space under the X-Y coordinates. Thus the diffusion effect
of above factors on pollution gas can be compared.

Distribution rule of Pollutants ate cross-section of block Y-Z coordinates

Select of the cross-section

Select different cross-sections at Y-Z coordinate and investigate the effect of street canyon
geometry and construction form on the diffusion of atmosphere pollutants according to the
simulation results. Zhonghua Road has a total width W = 40m and the width of the liner sourcesis
W1 = 20m, which is also caled road red line. The width of the square between the commercial
buildings on both sides and the red line is between W2 = W3 = 10m. On both sides of the street are
the buildings upstream and downstream of the wind. H1 and H2 ares the height of the buildings on
both sides. Select eight typical sections, section details are shown in Table 3.

Analysis of pollutants’ diffusion effect at different geometry cross-section

As shown in Figure 2-a(section 1-1), H1: H2: W = 1.25: 1: 1, it is visible that the density of
pollutants within the block is much higher with larger polluted areas. As the ratio of height and
width increases, the air flow is more difficult to enter the street canyons. Since the upwind buildings
are higher than the downwind buildings, the "climb the wall effect”" becomes more obvious.

As shown in Figure 2-b (2-2 section), H1: H2: W = 4: 1. 2. The upwind buildings are
significantly higher than the downstream buildings. The downwind forms a large-scale vortex. The
vortex center moves upward to the top of the downwind buildings. The "climb the wall effect"
makes the pollutants form alarge contaminated area on the leeward side of high-rise buildings. This
shows that the increase of the upwind buildings’ height may cause pollutants climb to the vertical
direction of the leeside, increasing the scope of pollution, which is extremely conducive to the
spread of pollutants within the street canyons.
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Discussion

The micro-environmental differences under different three-dimensional patterns at urban blocks
is significant, particularly the complex form of the space. The urban commercia districts have
diverse building forms of their own. Therefore, one applies CFD numerical simulation technology
in urban design and optimize the three-dimensional landscape pattern based on the simulation
results, which is finding a way to deal with air pollutants. In this study, analysis is made based on
the smulation of inhalable particles’ diffusion at Taiyuan Street and recommendations is put
forward for optimizing the layout of the building space:

(1) Ventilation corridor design: At a high-density urban space, ventilation corridor setting is
conducive to promoting the healthy functioning of local flow. When the ventilation corridor
conforms to the prevailing wind of the city, the angle of the corridor and the wind is between 30 °©
-60 °. When the main exit corridor eventually conforms to the prevailing wind direction, the
corridor has good effect of ventilation. After entering the corridor, the upstream wind will change
with the form of the corridor and enter the secondary corridors which are connected with the main
corridor. In urban design, one should fully consider the main functions of urban streets, landscape
ecological linear corridors and other open space to cities’ ventilation. The construction of
ventilation corridor based on CFD technology hel ps enhance the ventilation effect.

(2) Integration of open space: The density of urban commercial districts is large with generally
less open space. During the process of simulation and analysis, we found the density of pollutants at
a large open space is significantly reduced. Therefore, combining urban functions to design some
open space is an important way to improve the commercial districts’ pollution. The use of CFD
techniques can simulate regional wind flow in order to determine the layout of public open space
set open space suitable for different seasons depending on the wind characteristic in summer and
winter at different places.

(3) Skyline control : Change of the height of the buildings can lead to the change of partial
wind flow. This phenomenon is the most evident in an open area or streets with distinct differences
of buildings’ height on both sides. For the urban commercial districts, at the height of 50-100 meters,
the spatia distribution of high-rise towers has a significant impact on the bottom flow field of street
canyons. In urban design, skyline control should have an overall consideration with rich transition
level elevation to avoid worse local pollution caused by sudden altitude changes.
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Figure 3. Simulation comparison between density of polluted airs after adjustment of the construction layout

Conclusions

The paper takes Shenyang’s climatic conditions as the basis for test simulation. The research
object Taiyuan Street has the typical characteristics of the commercia districts. The analysis
conclusion applies to other urban blocks with the same climatic conditions like Shenyang. Through
simulating the diffusion effects of pollutants at horizontal and vertical space, it turns out that the
density space distribution of inhalable particles has a close relationship with three-dimensional
patterns.

1) At respective horizontal cross-sections at the height of 10 meters below, the density of the
buildings substantially has no difference. Except at the various points of the streets outside pollution
sources, the distribution of particles is even with no obvious change of density. To the height of 30
m, buildings’ density decreasesand the density of pollutants turns out an obvious decreasing trend.
In the range of 50-80 meters, the density of buildings decreases dramatically and the pollutants
basically have all spread.

2) At the horizontal section of the block, due to the difference of buildings’ spatial combination
and buildings forms of their own, the change trend of pollutants’ density is quite different at
different typical spaces in the vertical direction different. At the height ranging from10 m -30 m ,
the density of each point at the space has a big difference. The distribution of pollutants within the
inner space with buildings which are different along the street canyons is very uneven. Most
pollutants gathered on the leeward side of the upstream buildings.

3) At the cross-section of the block, when the ratio of the buildings’ height along the street
canyons and the street’swidth isH1: H2: W = 1. 1: 4, the space is open and the wind can fully enter
the street canyons which is conductive to dirty gas dilution. When H1 : H2: W = 1: 1: 2, only part of
the wind goes into the bottom through the down wash and the swirl takes away some pollutants.
Upstream buildings is lower than downstream buildings, which is more conducive to the spread of
pollutants.

The above analysis shows, the three-dimensional pattern of blocks and the density field of
atmospheric pollutants have a strong correlation, thus forming a rational spatial pattern through
urban design and can effectively increase the climate adaptation of street space, enhance the quality
of the atmospheric environment. At the same time, the air purification function of the ecological
infrastructure should be made full use. Moreover, one should combine airy corridors with open
space design, make full use of the green system for releasing oxygen and decreasing dust.
Furthermore, one should strengthen the adaptability of the combination of urban space and form to
urban wind field. The research applies the ssimulation techniques to reveal the distribution rule of
pollutants, improves the grim status quo of air pollution through urban planning and design , which
has important guiding significance for the optimization of an three-dimensiona landscape
pattern .
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