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Abstract Turbulence produced on roadways is one of the major factors determining the dilu-
tion rates at the initial stage of traffic emissions of air pollutants and, thus, the distribution of air
pollutants near the roadways. Field experiments were conducted on Gyeongbu Highway, one of
the busiest highways in Korea, for 4~7 days in winter, spring, and summer. Two three-dimen-
sional ultrasonic anemometers were installed on both sides of the highway to estimate turbu-
lence intensities (vertical wind fluctuation and kinetic turbulence energy) induced by the
roadway. Roadway-induced turbulence consists of three components: structural road-induced
turbulence (S-RIT), thermal road-induced turbulence (T-RIT), and vehicle-induced turbulence
(VIT). The contribution of T-RIT to the total RIT was insignificant (less than 10%), and the
majority of RIT was S-RIT (by the highway embankment) and VIT. In this study, we propose
the empirical relationships of VIT as a function of traffic density and wind speed under free-
flow traffic conditions. Although this empirical relationship appears to underestimate the VIT, it
can be applied to the air quality models easily because the relationship is simple and only needs
readily obtainable input variables (wind speed and traffic information).
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Gyeongbu Expressway, Anseong

(36.9683N, 127.1715E)
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Fig. 1. Satellite image of measurement site (36.9683N, 127.17115E) (left) and the schematic of instrument installation (right).
The orange and blue circles (left figure) represent the locations of video cameras and 3D-sonic anemometers, respectively.
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Table 1. Measurement periods and deployed instruments.
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Season Period Precipitation Instrument

Winter 2021.02.28-03.05 02.28 3D Sonic Anemometers (2 sets) and
Spring 2021.05.22-05.28 05.24, 05.26 Video cameras (2 sets)
Summer 2021.08.29-09.01 08.29, 09.01 3D Sonic Anemometers (2 sets)
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Fig. 2. (a) Wind direction distributions (%) during the measurement periods. Yellow bars represent calm conditions (wind speed
<0.3m s"). Gray bars denote wind conditions parallel to the highway, and blue and red bars westerly and easterly conditions,

respectively. (b) Graphical depiction of wind conditions classified.
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Fig. 3. Diurnal variations of traffic parameters. (a) Hourly traffic flow rate, (b) hourly traffic speed, and (c) traffic density (flow
rate divided by speed and road width). Blue, red, and orange lines with circles represent northbound, southbound, and the total
traffic, respectively. (d) Composition of traffic fleet (blue: weekdays and pink: weekends).
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Fig. 4. Scatter plots of (a) vertical turbulence intensity (o;,) and (b) TKE (turbulence kinetic energy) between monitoring
locations (subscripts east and west in axis title denote the east side of highway and west side of the highway, respectively) in
winter (left), spring (middle), and summer (right panel). Blue and red colors denote Westward and Eastward period,

respectively, as classified in Fig. 2b).

Table 2. Mean enhancement ratio in turbulence intensities between downwind and upwind locations relative to those of upwind

(downwind — upwind
upwind
parentheses denote the standard deviation.

) under classified meteorological conditions (Westward vs Eastward period in Fig. 2b). Numbers in

Vertical turbulence intensity (o;,)

TKE (turbulence kinetic energy)

Season

Westerly Easterly Westerly Easterly
Winter 1.30 (1.1) 1.32 (1.0) 1.42 (1.8) 1.56 (1.5)
Spring 1.07 (1.1) 0.80 (0.6) 1.31 (1.3) 1.30 (1.2)
Summer 0.53 (0.4) 0.42 (0.3) 0.30 (0.4) 0.65 (0.5)
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Fig. 5. Mean diurnal variations of observed vertical heat flux

(time interval 30 min). Black, orange, and blue lines with

circles represent values for winter, spring, and summer,

respectively.
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Table 3. Comparison of estimated ¢,(z) for T-RIT (differences in estimated o;,, 7.x7°(z) between downwind and upwind side of
the highway) vs. differences of observed o, 2z/°(z). Values in parentheses are standard deviations.

Season Period Estimated Observed
AGy, 727’ (2) (M 57%) AG, rpr(2) (M 57
Winier Overall period 0.009 (0.02) 0.111 (0.10)
11:00-14:00 0.002 (0.02) 0.129 (0.13)
Sprin Overall period 0.003 (0.01) 0.099 (0.06)
pring 11:00-14:00 0.008 (0.0) 0.038 (0.0)
Summer Overall period 0.003 (0.01) 0.046 (0.03)
11:00-14:00 0.003 (0.01) 0.063 (0.03)
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Fig. 6. Scatter plot of vertical wind fluctuation (o;,) and turbulence kinetic energy (TKE) vs. wind speed for the overall
measurement periods at the downwind location of the highway. Black solid line denotes a linear fit.
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(5=1, 1.7,2.5) (6)

U= %ln(zio) %

AN we wpEER, Ue F55, k&= von Karman
2F52(0.4), 22 71271 o)A <F 0.1 m; Stull, 1988).

QoM E=2W 7FE (AL w77k WS a )
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9} W&k th(Kalthoff et al., 2005; Fig. 7). X%
FE SE wEFE BT s FUAES
Al BHehs A 75 BT A Eud
g 75 AREITGIE 2. FHoE At
gt 5 parameters 2 109} 1122 FH3IATH

2 1 _ 2 =1

Oy, obs'U = 0y, bknd'U

10 oft offf (&

2 ——1 2 ——1
t o, yrU  + 0, srirU (10)
TKE,,,-U ' =TKE,,; U "
+ TKE;7-U " + TKEgpy7-U (11)

7|4 obse ZA %k, bknd= 7] WA G, VITE
2GR SRITE E2T3ZE 8 UF
32, Ue B 552 Yepdd
F4o) o)) AtstE 6, U '} TKE U
L2 92 FYsle AFLLr} FUERE Folee
AS Yehfo] 2ol o dAE PFRIF wEF
3} v)gghS A Al @THFig. 7; Kalthoff et al., 2005).
% A9 F3k AQelA 22 HaAsHe ol&
slo] 2 Aol HEk 6, U ' TKE U9 A
AL Z =5 tkFig 72 AA). T4 F3 A
Aol it A9 y-HARFLE =0) zfole &
T2 F2EH 5Gm)el o8 YA == FHF(S-RIT)
2 F4% 4 Qluh(Kalthoff et al., 2005; Gordon et
al, 2012). wbx S4717F 4 SRITY] H+ F
A 7 AEE 6, 0= 0.06.U 2 FHF-FANA
E TKEgqyr=0.13-UZ %3P THFig. 7; Table 4).
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Fig. 7. Correlation between traffic density vs. (a)-(c) 6,> U ! and (d)-(H) TKE T in the downwind (black dots) and upwind
side (red dots) of the highway. Black and red lines are linear fitting lines for downwind and upside side, respectively. The Blue
line denotes the upwind fit plus S-RIT (the difference of y-intercepts between downwind and upwind). (a), (d) Winter; (b), (e)
Spring; (c), (f) Summer.

Table 4. Linear regression results summary between normalized turbulence parameters (o,> U ' and TKE U 71) and traffic
density.

Regression Measurement location
Parameter . Season
coefficients Downwind Upwind

Winter 0.07 0.02

Slope (x 107) Spring 0.06 0.03

Summer 0.02 0.02
2T Winter 0.057 0.002
(;;1 o) y-intercept Spring 0.078 0.002
Summer 0.063 0.015

Winter 0.37 0.43

R? Spring 0.53 0.32

Summer 0.15 0.39

Winter 0.21 0.11

Slope (x 107) Spring 0.19 0.10

Summer 0.07 0.07
1 Winter 0.131 0.017
i]fsg) y-intercept Spring 0.201 0.034
Summer 0.161 0.054

Winter 0.39 0.33

R’ Spring 0.50 0.29

Summer 0.27 0.40
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