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ABSTRACT

KEYWORD

Purpose: This study aimed to derive effective methos for reducing and managing particulate matter coming from  O|MZ|

outside the apartment complex. Methods: To achieve this, the characteristics of particulate matter were identified

CFD Al22f0|d
AAE =4

through literature reviews and a research framework was established. Next, particulate matter reduction and Ol E CF%|
management techniques were listed through case analysis. After obtaining input data for CFD simulation through AWS
data and field measurements, the distribution of particulate matter was analyzed through CFD simulation for the entire  Particulate Matter

Godeok-Gangil District 2. Next, the diffusion of particulate matter over time was analyzed through CFD simulation for
Complex 3. Finally, outdoor spaces were classified in consideration of the concentration and diffusion path of particulate

CFD Simulation
Time Series Analysis
Apartment Complex

matter, importance of outdoor space, etc., and particulate matter reduction and management measures were proposed for
each type. Results: As a result of the CFD simulation, complex 3 was found to be the most vulnerable to particulate

matter, and the outdoor spaces in complex 3 were classified into 13 types, considering the concentration and the
diffusion path of particulate matter, and the importance of outdoor space. Among them, measures to reduce and manage
particulate matter were presented for eight types of high importance and high concentrations of particulate matter. These
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results are expected to be used to develop guidelines for reducing particulate matter in outdoor spaces of apartment  Accepted May. 26, 2023

complexes in the future.
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Table 1. List of Particulate Matter Reduction Facilities
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Fig. 2. Power Saving Type Particulate Matter Reduction Device
(Source: www.staticair.com/en/product)

Classification Facility Name Reduction Effect
Blocki Urban Forest Road PM10 10~23.46% |, PM2.5 10~17.5% | [5]
ockin,
2 Outdoor air purifier dome PM10 42.5%)], PM2.5 34.6%)] per 1 hour [7]
. . 90% | compared to the surrounding area within
Vegetation and dust collection pancl a radious of 3m where particulate matter concentration is high [5]
Smart Clean Bus Staion PM2.5 68.5%| & PMI10 68%)] Compared to the outside air [5]
Cooling Mist 96.1% | (Experiment with nozzle thickness of 0.6 mm) [5]
Power Saving Type Pam'culate Matter Reduction PMO.1~PM10 330~50% J[8]
Device
AbS(ngtlon Roof greening/wall greenin 17-29% | PMI0, 1-29.6% | PM2.5
Adsorption £ & % (Depends on the type of plant and its surroundings) [21]

Moss module panel

PM2.5 22.8% |, PM10 43.1%][9]

Smog Free Tower

Air purification of 30,000m’ per hour [5]

Air purification bench (City Tree)

Particulate Matter emitted from 417 cars can be reduced [5]

CMA (Calcium Magnesium Acetate)

50% | on unpaved roads 10~30% | paved roads [6]

Photocatalytic paint

17.35g NOx decomposition per hour & 42.8%)| Particulate Matter
within 20 minutes for 7,140m’ construction [6]

Information System

Particulate Matter signal light

x (Signal features only)

Smart Filter Monitoring Cube

80% | compared to the surrounding area [6]
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Table 2. Summary of literature review

Subject Method Location and object Author
(year)
L . G.W.Lee
AWS 6 Sites 1nsst::)lz;i AWS in Y.N.Jeong
(2018)
Urban The Old Downtown of G.W.Lee
Form & Statistics Daejeon city and Jaecheon M.H.Seo
Micro city (2021)
-climate J.W. Shin
CFD A Study of Age-of-air T.Y. Kim
of Apartment Complex K.H. Lee
(2004)
o Spatl.al distribution .Of 1.C.Jeong
Distribution Particulate Matter in S.H Lee
Map comparision with Land-use ('2 0'1 %)
Fig. 4. Smart Filter Monitoring Cube (Source: mann+hummel) and Traffic volume in Seoul
- _ = The Relationship between
Tt Ak A e 71 EA] 2 AFTES] A7 Regression | Particulate Mattef Reduction | M.A.Koo
[ AN oF GRS MR B A A] A7 Hetof tht A4 o Analysis | and Space Shielding Fate in (2019)
A35| 1 om= Uty & 2= Qi) Urban Neighborhood Parl.<
Regression e EffSetitre(():;irtﬁzi et Y.GHur
oA R A7 7|& .

2) HARA A 71E A E ) Urban Analysis Meteorological Factors on I\/I((z}oljézi;lg
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oh AEAT TS o8 AR T&ol £A%D, S218 37 Scenarios in Housing | <&
389 A 5 5ol 9o, §4-F2L o187 Az TlEole A Renewal Site 22
MAANG G AZAE, ATLE 22 B ASAA, U AE A4 Effect of Temperature and 1.C.Park
. Particulate Matter(PM2.5) on -
A (Fig. 1.), 224F vMHA X471 (Fig. 2., S4=5 2 HH= CFD the Tmplementation of the WK Bac
5}, o]71 & g (Fig. 3.), 2211 Zeety, F7|ASHI%], CMA, Urban Regeneration Project (2022)
BEo) =2 Sol gIet. 1 2JolE A e A28 w4 | fnalysis of Pasicute ||
atter Distribution Patterns N.Jeong
S ASS, AvtE B RYEY FH(Fig. 4) 59 7S HE »
According to Urban and (2023)
sttt 2 AFoA AESH A7 7|E B2y 7 r|edE g4EA Architectural Characteristics
SR A AN Tae 1.3 25k o, | o
eu “ (2019)
districts and complexes
22 APAT HE Measures CFD Application of Ventilation S.W.Nam
_ Corridor to Mitigate S.Y.Seon
= Aol A FF AYATE tha o] Al 7 = Fetel AR to Reduce Particulate Matter for the J.S.Park
= _ Particulat . . g
stct. WA, EA e v 71 F Y BAR S dFSHE A5 AR Matior Sejong-Si (2020)
stol, EAGuIS} 0] 7o) 4TBAT} 9L Selstelr. ke T e
. _ iterature anagement Directions to .S.Parl
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Fig. 5. Land Use Plan in Godeok Gangil District
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Fig. 7. Location of Godeok-gangil Site Development Project(left),
Location of Godeok-dong air quality station(right)
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Fig. 8. Annual variation of Particulate Matter in the Godeok I-dong
monitoring station(PM 2.5)
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Fig. 9. Mesh results of Godeok Gangil

Table 3. Boundary Conditions

Contents Conditions
Domain Size 4,500m x 4,000m x 1,000m
Cell Type Trimmed Mesh
Cell 25,000,000
Prevailin;
Wind Direc%ion West(270°)
Inlet Velocity 3.7m/s(Height: 85m)
Temperature 27.5°C
Outlet Condition Pressure Outlet
Surface Condition Concrete, Asphalt, Green, Soil

ST AT A] 24 tiet &= v A] 2 B B4 Ko gt 2413}
A TE2LA Tl ASERNS FTsto] DE7 27179 o
g ndl S sk T Aol weEh 7tRe A2
5Hfl, =0l 10818 A5 4.5km X 4kn X 1km2 A4 st ATH22].
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AA5FY 0™ 25009 7 Q] Az A E Q).
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@9l Realizable K—epsilon Turbulence 7} 245 ]t}

(pk)+v (pkV) (Eq.D)

Q>|Q,

V- [ u+—)vk]+P ple—ey)+58,

ai(pe)+ V-(pe V) (Eq.2)

S A i
—V[(u-ﬁ-g)v] ECP C2f2p(T T)+S

e

m L is the kinetic energy.

m ¢ is the turbulent dissipation rate.

= Vis the mean velocity.

m s the dynamic viscosity.

= g, 0, C,,and C, are Model Coefficients.
= P, and P‘g are Production Terms.

m f, is a Damping Function.

= G, and .S, are the user—specified source terms.
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Table 4. Property of Surface material

p kg/m’ Cp JkgK k W/mK €
Concrete 2050 960 1.0 0.81
Asphalt 2120 920 0.698 0.96
Green 1500 1842 2.6 0.6
Water 1000 4187 0.598 0.1
Soil 1500 1842 2.6 0.6

Fig. 10. Measurement Points of Godeok Gangil District2
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Table 5. Correlation coefficient of PM10

1 2 3 4
1
2 0.4057
3 -0.0874 0.5867
4 0.0885 0.1713 0.2514

Table 6. Correlation coefficient of PM2.5

1 2 3 4
1
2 0.3666
3 0.1818 0.8941
4 0.2041 0.8973 0.9779

Fig. 12. PM2.5 concentration in Godeok Gangil District2 (Unit: ug/m)
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Fig. 22. Simulation results after 75 minutes



Fig. 23. Particulate Matter movement path after 75 minutes
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Fig. 27. Zoning according to criteria

Table 7. Summary of features by zone

Concentration | Importance Characteristic by Zone

High Concentration, High Seriousness,
Initial Particulate Matter Inflow Channel

High Concentration, Wide Range of
Seriousness, Heavy Traffic

High Concentration, High Seriousness,
Main Roads

High Concentration, Heavy Traffic
(The Main Entrance)

High Concentration,
Particulate Matter Inflow Channel

High Concentration,
Inflow From Other Areas

Point Of Diffusion, Heavy Traffic

Small Amount Of Diffusion,
Light Traffic

Stagnation Of Particulate Matter,
Inflow From Other Areas

Low Concentration, Heavy Traffic
Low Concentration, Light Traffic
Low Concentration, Light Traffic
Low Concentration, Light Traffic
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Table 8. Suggestion of major reduction measures for each zone

Classification Facility Name

. Urban Forest Road
Blocking

Outdoor air purifier dome

Vegetation and dust collection panel

Smart Clean Bus Station

Cooling Mist

Power Saving Type Particulate Matter Reduction Device

Roof greening/wall greening

Absorption

& Moss module panel

Smog Free Tower

Adsorption
Air purification bench

(City Tree)

CMA
(Calcium Magnesium Acetate)

Photocatalytic paint

Information Particulate Matter signal light

System Smart Filter Monitoring Cube

Fig. 28. Layout of major reduction measures for each zone
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