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Abstract In this study, we analyzed the characteristics of flow around the Daeyeon automatic
weather station (AWS 942) and established formulas estimating inflow wind speeds at a compu-
tational fluid dynamics (CFD) model domain for the area around Pukyong national university
using a computational fluid dynamics (CFD) model. Simulated wind directions at the AWS 942
were quite similar to those of inflows, but, simulated wind speeds at the AWS 942 decreased
compared to inflow wind speeds except for the northerly case. The decrease in simulated wind
speed at the AWS 942 resulted from the buildings around the AWS 942. In most cases, the AWS
942 was included within the wake region behind the buildings. Wind speeds at the inflow
boundaries of the CFD model domain were estimated by comparing simulated wind speeds at
the AWS 942 and inflow boundaries and systematically increasing inflow wind speeds from 1 m
s to 17 m s™" with an increment of 2 m s™ at the reference height for 16 inflow directions. For
each inflow direction, calculated wind speeds at the AWS 942 were fitted as the third order
functions of the inflow wind speed by using the Marquardt-Levenberg least square method. Esti-
mated inflow wind speeds by the established formulas were compared to wind speeds observed
at 12 coastal AWSs near the AWS 942. The results showed that the estimated wind speeds fell
within the inter quartile range of wind speeds observed at 12 coastal AWSs during the nighttime
and were in close proximity to the upper whiskers during the daytime (12~15 h).

Key words: CFD model, automatic weather station, estimation of inflow wind speeds,
observed and simulated wind speeds, urban area

A Study on Estimation of Inflow Wind Speeds in a CFD Model Domain
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Fig. 1. Aerial photographs around Pukyong National University (from www.daum.net). The red spot in (a) indicates the
position of the AWS 942 and the red polygons in (b) indicate the buildings of which heights are higher than the observation

height of the AWS 942.
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Fig. 2. Three-dimensional configuration for the target area
used as the surface boundary condition in the CFD model.
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Fig. 3. Comparison of wind speeds simulated at the AWS 942 location and the inflow wind speeds in the (a) northerly (N),
north-north-easterly (NNE), northeasterly (NE), east-north-easterly (ENE), (b) easterly (E), east-south-easterly (ESE),
southeasterly (SE), south-south-easterly (SSE), (c) southerly (S), south-south-westerly (SSW), southwesterly (SW), west-south-
westerly (WSW), (d) westerly (W), west-north-westerly (WNW), northwesterly (NW), and north-north-westerly (NNW) cases.
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Fig. 4. Comparison of wind directions simulated at the AWS
942 location and the inflow wind directions.
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Fig. 5. Contours of simulated horizontal wind speeds in percent for the inflow wind speeds at the observation height of the
AWS 942 (left panel) and wind vectors in the rectangles in red dashed lines (right panel) in the southeasterly [(a) and (b)],
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station.
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- AR 73
Fig. 6. Streamlines on the cross section along AB in Fig. 5f.
Table 1. Formulas for estimating the inflow wind speeds for 16 inflow directions.
Wind direction Formulas for estimating the inflow wind speeds
w 3 =-0.0078x + 0.1529x" + 0.8899x + 0.2365
WSW 3 =-0.0236x" + 0.4409x” — 0.0493x + 0.8900
SW 3 =-0.0225x> + 0.5394x” + 0.3925x + 0.7414
SSW 3 =-0.0087x> + 0.1974x" + 0.8179x + 0.3887
S 3=0.0015x" — 0.0513x" + 1.8023x — 0.5406
SSE 3 =-0.0410x" + 0.6580x" — 0.0863x + 1.3584
SE 3=0.0076x" — 0.0725x" + 1.8134x + 0.5925
ESE 3 =-0.0259x + 0.4224x” + 0.0696x + 0.9862
E _ { 0.0372x" — 0.3785x” + 3.33243 — 0.8837, 78.75°<degree <90°
0.0873x" — 0.2918x” + 3.7904x — 0.3436, 90°<degree<101.25°
ENE 3= 0.0086x" — 0.1188x” + 2.0364x — 0.5913
NE 3=-0.0176x + 0.3923x” + 0.6203x + 0.5675
NNE 3 =-0.0068x" + 0.1559x” + 0.8089x + 0.4151
N 3 =0.0090x" — 0.0303x" + 1.1248x — 0.2246
NNW 3 =-0.0027x" + 0.0742x> + 0.7559x + 0.2366
NW 3 =-0.0023x> + 0.0413x” + 1.1972x + 0.0811
WNW 3=-0.0021x> + 0.0518x” + 1.0288x + 0.0755
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latitude | longitude

AWS stations
(deg) (deg)

313 | Yangjiam | 34.89335 | 128.75139
901 Ulgi 35.48650 | 129.43560
909 | Seoimal | 34.78000 | 128.73000
923 | Gijang 35.26399 | 129.23228
924 | Ganjeolgot | 35.35867 | 129.36029
947 | Myungsa | 34.72571 | 128.60359
953 | Jangmok | 34.99240 | 128.67412
954 | Onsan 35.43100 | 129.36010
968 | Namhang | 35.08100 | 129.04500
969 | Bukhang | 35.09100 | 129.12700
910 | Yeongdo | 35.06608 |129.07420
921 | Gadeokdo | 34.99310 | 128.83140

Fig. 7. AWS stations located along the coastlines near the AWS 942.
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Fig. 8. Diurnal variations of observed wind speeds averaged
during the period of 2010~2014 and estimated wind speeds
using the formulas in Table 1. Gray boxes indicate the box
plot of the observed wind speeds for the 12 AWSs, black
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station, and blue circles indicate the estimated wind speeds.
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Fig. 9. Wind-rose plots for the observed [(a) and (b)] and estimated wind speeds [(c) and (d)] during the daytime (08~19 h) (left
panel) and night time (20~07 h) (right panel) at the AWS 942 station.
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