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ABSTRACT

KEYWORD

Purpose: This study aimed to review the accuracy of the unit method estimating used to reduce particulate matter
when planning city and architecture, and then to present improvement directions. Method: In order to achieve the
purpose, particulate matter reduction techniques were listed through literature review. In addition, input and initial
data for CFD(Computational Fluid Dynamics) simulation were obtained through (Korea Meteorological
Administration’s) AWS(Automation Weather Station) data and field measurement. And the amount of particulate
matter reduction by the particulate matter reduction techniques was calculated using the unit method estimating on
the 500m x 500m area of the 1st Phase project area in Godeok International District. Next, CFD simulation was
conducted to analyze the path through which particulate matter spreads and reduction amount through three types
particulate matter reduction techniques. The unit method estimating and CFD simulation results were compared.
Finally, assuming that the difference was caused by the wind, the CFD simulation was conducted by increasing the
wind speed to 2m/s, S5m/s, and 10m/s. Result: It was found that the amount of particulate matter reduction by CFD
simulation was less than the result of calculation by the unit method estimating. As a result of CFD simulation
performed to explain this, it was found that the higher the wind speed, the lower the amount of particulate matter
reduction. Through this, it was judged that the difference was observed because the unit method estimating did not
calculate considering the wind. Through this result, it is thought that the speed of the wind and the direction of the
wind should be considered in order to upgrade the unit method estimating in the future. The results of this study
contributed to setting the direction of the unit method estimating advancement for use for particulate matter free
urban and architectural design.
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2.1. "lAIHZA]

o] HZ] (fine dusts. fine particles)E= F-F+&%(Suspended

particles), A2 (Particulate matter) 5 thFsH &t A
A&, vl |2 o] FAY At 221 ol mhebA WA, &, 1SS, A
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FF=E(VOCs), § 52 XS ulAH A= 11 259 27]9 o
Rt AddeR 1 Arrt AX &3, 971 S 14
2 2 2 94A= TSP(Total Suspended Particulate matter)2tal
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Zrobxl 1 Aol oF 10pm HAFY A= PM10(Particulate
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Table 1. Summary of literature review

Author Location Independent Variables Method
(year)
IDW krigging,
J.C.Jeong Spatial factor
S.H.Lee Seoul Land;z)slim"l;rafﬁc Analysis,
(2018) Correlation
Analysis
Urban
M.A.Koo | Neighborhood o Regression
. S Shielding Rat .
(2019) Park in pace Steidng ¢ Analysis
Daegu
Metropolitan OLS, Poisson
Y.G.Hur area(Seoul, Urban Spatial and Negative
M.G Kang Incheon, Structure, Binomial
(2022) Gyunggi Meteorological Factors Regression
Province) Analysis
S.C.Han
et al. Urban Areas Trees Planted
(2022)
S.H.Hong Near
W.Tian Miryang Presence of Street
R.Ahn Cityhall in Tree, Building Height
(2020) Miryang City
B.Hong H? ngyuan .
B.Lin district near Housing Block
- Q Qin Tsinghua Layout, Trees
o University in Arrangement
(2017)
Beijing
H.Q.Qin Streets in . Streejt Tree’s
et al. Xi‘an cit Biometric and Age,
(2020) Y Urban H/W ratio
J.W.Shin .
. Ideal Housing Block
T.Y.Ki X CFD
m Apartment Layout, Wind
KHLee Complex Direction
(2004)
J.W.Back Housing Micro-climate.
et al. Renewal Site Building Hei 1’1t
(2022) in Seoul uidng Heg
W K Bae Urban‘ Land Use, Width of
Regeneration Road, Presence of
J.C.Park . . i
(2022) Project Site Buildings, Land
in Seoul Cover
Y.N.Jeong 500m><50f)m Urbz'in and
(2023) Blocks in Architectural
Peongtack Characteristics
S.W.Nam o
S.Y.Sung | 6-3 Block in Building Form,
. . Housing Block
J.S.Park Sejong-si Lavout
(2020) Y
th= o2 CFD Algdolde &-85to] 37 fof w2 vAH
A 552 24T AT kvt 2k M, S 91391(2022)2
A ks Ao g o' pRo] 2uHHA] o] njX= &
ol taiA CED Al&eoldg FoliA HSRAS]. 42 9] 291
(2020) = A mAAZ] 7} A o] e 2 s lof whet 13 A
g0 g StEl = ol tisiA ENVI-mets 2835 CFD A&
\:l

Aol

]:H/K]— [¢) 2.4
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ATt 7]. Honggiao Qin 9 491(2020)2 = AMA W 712 & of
Aog 7t24o FHo w2 JH|, Eo] CBH(Crown Base
Height), CD(Crown Diameter), LAI(Leaf Area Index),
CV(Crown Volume) ¥ 72 A-5H 4=(Biometric parameters) 2t ¢
2, 7F=9] H/WH|7} ulA| 2] o) ulX]= 93-S Phoenics 2
L9 CFD Alggo]dg ol-&alA 2AstITHS]. A2]g £ 291
(2004)2 o}FE 9] 5 HiA] §9 4712 2 7 1-3E 870 Hhlell
A 9] F3Fol wet Eeb A= 371998 9 MSE CFDE &l =43
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Fig. 1. Location of Goduk Housmg Site Development Project of 1"
phase (left), Location of Songbuk-dong Air Quality Station (right)
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Fig. 2. Phase plan in Goduk International District (left), Location of
site for CFD simulation (right)
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Fig. 7. Measurement location
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) gy
£ A7 970 qwu 78 EAAZYY (AR, w2 5o

F blolE(2015)F &85t

=2 =20

59 15 RE Belotylt
oS ARES HoE d4 BdGe AT Eua
Hu & Wang(2005)] 4 7]5=0f wreH[14] 7h2 o Al 24 5uf,
ol= 1081 AASIY, 0.5kmx0.5kmX0.1kmol =<l
2.5km % 2.5km x 1kmZ A7 s}t
ojgdA wrEoj Rdg 7| oF Trimmed Mesh®} Prism
LayerS 37} A 85fe] 2449l 228 BAjshurt ik, o5 5

off /4 €A7A= Fig. 8.7 2ot AApe] = oF 1.349k 77 A4
= ek Az BAdolle Alaeol At 5 Yot Star—-CCM+E &
&5l

2) A L Eend 44

CFD Algdlo]Ael A-8% A 42 Navier-Stokes #7441
olm, duty o2 §-F Al Ee o] oA 71 Bol AR EE dR I

dlQl Realizable K-epsilon Turbulence 7} 485 $it}.

7|dto] H= 71 dlolE = A A=t e Al Well fAIRt 7]
3 AWS dofel sl ulqA) 544, AAl0] AAE mAA
A ARE 7INEe & shof, wAHA] FETF L 7R
8 0 NES FEF0 2 B £ 2.0m/s9 Higo] Bojo
Aoz 7Pgsiolrt. E3h Bt o] == 16.5C2 AAstilnt
(Table 3.).
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Table 2. Descriptive statistics of PM10 by locations (ug/ni)

Min Max Ave. S.D.
1 1 129 62.3 40.9
2 1 145 60.0 41.6
3 1 139 55.6 41.0
4 1 136 59.1 41.3

Fig. 8. Mesh results
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Table 3. Boundary conditions

Contents Conditions
Domain Size 2,500mx2,500mx1,000m
Cell Type Trimmed Mesh
Cell 13,000,000
Willj(rie‘]/;ili:elclfion West(270°)
. Velocity 2.0nmv/s(Height: 85m)
Temperature 16.5°C
Outlet Condition Pressure Outlet
Surface Condition Concrete, Asphalt, Green, Soil

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
Ao 485 mEof tiet BAXHL th& Table 4.9 2ot o
A, =2, otATE, HEE(Z AR E), Fo = 25130 H,

=40 27 W (p), MA(Cp), B
22} 54 e A olaiant,

A A K), AR (e)

ot AN
o N rlo
ng 2

3.5, WAIRA A7 71 AE

3 o] PR ALY Lol B2, oftE R P
0% FANEE W o93700) H47Rs vARA 47 )Y
e FES Basteh oA A7 B 7l&e A &

@, -5 HlolH A5 % ARATS A% A1 A=} Zol

A 74212 7o) 75 ey, ol St gl chefa nl AR A7t 7]
&o] EAst=t, 11 5 ol Y- A-8H(2023)0 mEH, ofutE o
7] Q)R 70] A8 TP &=L Ana) Bast] EA%, £
2 27145 9 Aot & E.o] S 4-E 2y BEGAE 214 A A
9% AGAIA, A0tE Z- HAGH
A% wlARA A7), S48 D veixg), o] 7lnE Wy
1 =ZeEre], 37185HA], CMA, 350 =& 5of 3t 191
o dlole HE 9 AR ¢hf A A=l u|HHZR] ehfj AT So0] 9l
oH15].

ol YAk ] nAHA] -2 Ao AL A A 1L

%Lx"-'/]u]/\E }\]/\Eﬂ 17(-1
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T HAHA M AT S-S ARt 29 nl2E, A4 17 29
A A, nAEA] A A F 37HA] AA| vl A 7]E
So] JAEITh WA, 2% HAE ALY 2] 27 vt
I g3t zpolzk Q=] 0.6mm &2 3% 96.1%2] A% &t
7F = Ao ® dEA ATH16]. ol A AF=E, 800mm(W)
x1,000mm(D) x 1,950mm(H) 27]2] £ & LHOﬂH Hiehol §
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Fig. 9. Location of PM reduction techniques
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Table 5. Details of reduction techniques

Size Volume Reduction
w H | Number 3 Amount
(m) 3
(m) | (m) (ug/m-s)
Cooling Mist 4 4 600™ 9,622 1.36
Vegetation and Dust *
Collection Panel 6 > 3 416 07
Urban Forest Road 43" 10 58 8,551 0.2
*: Diameter, **: Total Length(m)
Table 6. Reduction of PM10
Volume Time Reduction of PM10
(m') (second) (e g
Cooling Mist 9,622 1,200 11,646,400 11.55
Vegetation and Dust| ¢ 1,200 499,200 0.50
Collection Panel
Urban Forest Road 8,551 1,200 10,261,200 10.26
Total 22,406,300 22.40

(©2023. Korea Institute of Ecological Architecture and Environment all rights reserved.
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Fig. 10. Simulation result (wind velocity)
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Fig. 12. Simulation result of reduction of particulate matter
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Fig. 17. Location of measurement points

Table 7. PM10 reduction effect by measurement points

2m/s Sm/s 10m/s
@) 125.8 126.1 126.6
Cooling Mist @) 104.8 123.4 123.1
Effect 21.0 2.7 2.5
Vegetation and ©) 126.4 126.4 126.6
Dust Collection @ 111.2 1252 125.6
Panel Effect -15.2 -1.2 -1.0
® 126.1 126.5 126.6
Urban Forest Road | ® 105.0 124.6 124.7
Effect -21.1 -1.9 -1.9
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