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Development of a Coupled WRF-CFD Model (UAMS) and Its Application
to Atmospheric Pollutant Dispersion in an Urban Industrial Complex
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Department of Environmental Science, Keimyung University, Daegu 42601, Korea
YDepartment of Environmental Engineering, College of Engineering, Keimyung University, Daegu 42601, Korea

Abstract

This study developed the Urban Assessment Model System. This coupled framework integrates the Weather Research and
Forecasting model with the Open Field Operation and Manipulation-based Computational Fluid Dynamics model to investigate
the dispersion of total suspended particles from a combined heat and power plant in the Daegu Dyeing Industrial Complex.
Model outputs from the Weather Research and Forecasting simulations were used as boundary conditions for the Open Field
Operation and Manipulation calculations to represent pollutant transport under local urban atmospheric conditions. The results
indicated that total suspended particles were primarily transported toward the northeast, with peak concentrations observed
approximately 20 min post-release. Furthermore, higher total suspended particle concentrations correlated with lower inflow
wind speeds, underscoring the critical role of mean wind-field intensity in urban pollutant dynamics. These findings validate
the effectiveness of the integrated Weather Research and Forecasting-Open Field Operation and Manipulation approach in
assessing pollutant dispersion within complex urban configurations.

Key words : Weather Research and Forecasting, Open Field Operation and Manipulation, Atmospheric pollutant, Total
Suspended Particles
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4T go] §FO0R SEEHI AR EA] S-S
O13IA7]= A0 & B H HE Itk (Kwon, 2018). A%
AL vigo] gt A= AERY AFdeA] oA
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= opXitt, o] ZAE Hrot ZpA|s] of
E & e oARE AA"EE A5, ol &8
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(Lee et al., 2016).

Miao et al.2013) &= Hlo|d TARS dife=
Weather Research and Forecasting (WRF) = 2#} Open
Field Operation and Manipulation (OpenFOAM)S A%t
sto] TA] tf7] 55 QA=A AR 4229513
=0, WRF 29| 29| Ai5 OpenFOAM 29| H
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Kwon et al.(2020)2 Weather Research and
Forecasting coupled with Chemistry (WRF-Chem)
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o] 29| AFE OpenFOAM B2 Q] AA 2702 A
€5t 10 m A|FHe] Aol HE H R 7R
wAs YR Ay, WRF-UCM ZEHth WRF-
UCMZ OpenFOAME 2R3 ] B A59] H<
L7t 3A FFEE 45tk

2 AFoA= 5 E 2 UAE o] Zjgo=z
FF7| 5o AR Z A A get WRF-CFD 2%
2]l T AP R DA AR (Urban Assessment Model
System, UAMS)= Ht @4t AGAE ZgHet o+

09§ ARl PG EA BT A
P PR eI BEE RN T

.

12
fru
H
o
oli
Ok

2. A2 U ukH

2.1. A7 CHA2|

2 AT E HFZGA A5l AR H7-EA
AEEA] AU A7 WA= At drledE
Aol B SR RS t i A9 2 5=l Al
T EMEE THOR B5oe ti A SR}
HESHL 9lom gEog ggatdaxte] s
s, MiAA L FARHo] IS At
(Fig. 1). di7FAAS A= A= G4 2 78 58
ol AH Aoz Y AP EMHNE= DY U2
O A7h ol 331 St 24 o = wiA| =]of gl o2}
B2 EA 724 B2 AR AL7E S7MIA S
5 W71 fre= Adlistal A1 xH S5 A4S sk

A SR 2 2 EA o= of ] E G
AoA HEEHE 7| e@EE =2 QI AUES]
7F & AYoltiKim and Kim, 2024).

A= Kim and Kim(2024)9] 42} &
A F2], AF19(20239 7€ 109), 714 22
2 7|9te 2 UAMSE AEoto] thaBidgdaz]

< rle
rR
=

[o



WRF-CFD 2% EZ(UAMS)S] 75 9 ol &-83t A Y A1 9] B e dad shit &4 A 97 237

1259007 126°00"E  127°00"E 128°00"E 129°00"E

128°31'40"E. 128°32'30"E 128°3320"E.

38200\

37200"N = ; N A E TR : 35°5320"N

36000\

3500'0"N

35°52'30"N

3400'0"NH

3300'0"N

Fig. 1. Location of the study area.

Fig. 2. Three-dimensional computational domain of the CFD model.

Table 1. Summary of experiment cases (Kim and Kim, 2024)

Land-use and topographic data Initial and boundary conditions
CASE 1 Default data GFS
CASE 2 High-resolution data GFS

CASE 3 High-resolution data GDAPS
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dojtt, WRF 22 A7 EX0 & JHE
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T o] IS E 711, BiE)S ARl o]
E CFD BHd9 A 2o & &-8dto] A A
St T TA 14 24AE TER 3 REE 15
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(ICEC, 2022).

NCAR (National Center for Atmospheric
Research)ol A 714 E WRF 222 F% 9 vl
Lo 7)1 @A AR OE foll AAE 71 RE=E ¢
2 FAJA = AIKsigma) FEE AHgsta 3 3
BAE Arakawa-C AZE 7|§re 2 A Ho, 3
ot B2 248t HehE At} 714 Hr1e
2oF9] ofy] AFolA &EE 1 glti(Skamarock et
al., 2021). OpenFOAM 222 ¢= OpenCFDelIA
HdE A Ge mE2 ) C++ 715k &2 5 7]
H HIEA F-5(incompressible flows), &7 &
(direct numerical simulation and large eddy
simulation), @4 heat transfer) & T2t 52 &
AE 8T & s FE solvere= AlFRtHPark
and Kang, 2010).

R S L S e Bt =R 2 et | P e
S5+ rledEdy i 2AS
AT A 4ol A58 H shde AA 33 A
£ 7Ifte g 321 JH = A A4t F9E
2000 m x 2000 m X 500 mZ AHstg.oH, w3
Aztoll= F 20 m S EE A-&5ta AR FolA
+ °F 2.5 m F9 GAl AAE A-8-ok= 7HA s
T AZE Ao At W AR AEE
3 5hd-2 FENSHY AL5FA AP ARE T&
sto] AEHRE &4 JHE Fojsta, AA a3t
= 7I§re 2 33+ Fe| = JA3 st A (Fig. 2).
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simpleFoam¥  scalarTransportFoam=

turbScalarTransportSimpleFoam solver (Lohani,
2021)E AH8Ste] v mE LAEdEY] 24
FA okt -5 sl = Reynolds Averaged
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WRF 229 Q] 47 &9 H43dt gk
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Table 2. Air temperature (C) in Seogu and Sinam on 12 LST 10 July 2023 (Kim and Kim, 2024)

Station Observation CASE 1 CASE 2 CASE 3
Seogu 31.1 29.2 28.4 315
Sinam 32.0 29.9 29.7 325
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Fig. 3. Surface weather chart at 00 UTC 10 July 2023.

Table 3. Configuration of OpenFOAM simulation cases

Wind speed (m's ™) Air temperature (K)
CASE 1 6.0 302
CASE 2 4.0 301

CASE 3 6.0 305
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Pig. 4. Spatial distribution of simulated TSP concentrations at 2 m above ground (CASE 1).
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Fig. 5. Spatial distribution of simulated TSP concentrations at 2 m above ground (CASE 2).
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Pig. 6. Spatial distribution of simulated TSP concentrations at 2 m above ground (CASE 3).
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Fig. 7. Spatial distribution of simulated TSP concentrations at 2 m above ground at 20 min after release.
(a) CASE 1, (b) CASE 2, (o) CASE 3.

Table 4. Simulated TSP concentrations at 2 m above ground at 20 min after release

TSP concentration (ug m™)

Maximum Building area
CASE 1 46.0 2.0
CASE 2 105.7 4.7
CASE3 46.0 2.0
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