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Analysis of Turbulence at the K-UAM Grand Challenge Site in Goheung
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ABSTRACT

Recently, urban population congestion has caused significant traffic and air pollution
problems in city centers. To address these issues, Urban Air Mobility (UAM) has been proposed,
with commercialization targeted for 2025 in Korea. The Korea Meteorological Administration
(KMA) has been conducting the K-UAM Grand Challenge in Goheung since 2022 to develop
operational standards and relevant technologies. This study uses a ultrasonic anemometer at a
height of 10 meters to analyze turbulence around the vertiport. Data was collected from
November 2022 to November 2023. For turbulence analysis, the Eddy Dissipation Rate (EDR =
€', defined by the International Civil Aviation Organization (ICAO), was used. EDR was
calculated using Kolmogorov's theory and derived from the energy spectrum. EDR values were
classified into None, Light, Moderate, and Severe, and analyzed by season, day, and wind
direction. The results showed strong daytime turbulence in summer, especially with southerly
winds in spring and summer, due to sea breeze fronts. This study provides essential data for
planning safe UAM operations considering weather conditions.
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Ao = -2 71E uiRkE g v ks Al
ZA4Ql K-UAM I3:=3X|(grand challenge) At
o] 202237 ¥ XY Folc}. K-UAM 1= WRIA]
9] ASAEL 2dAZ g=o] UrkFig. 1). TH=
Y2 124 A7SEHFGSAIEH AT 1)l
A APAIES B3 UAM 71A] € B4AA P4 &
°l, /WA 53280 Exold, 2= 33 £
A B Atk kA 5 Fx A8 didElE
AGES oz B8-S B AFARIo] X3P
31 ITHUAM Team Korea, 2021).

UAMSY] 4] o|ZFHPA2 F2 F7Io|A o]2Hgo|
7hsste] F2 TAR A ol FEskARE R}
22 7130l FH sl @Rol itk E3, UAM
2 71419 Z7] 9 B4 dRoll thigt 4ol 71E 7
3715t IA Z-gsh7] o] W= UAM B3 4
ol A4 FFE vE 5= Stk E3], £FoAE
HAHoJA9] dR= A9 8 2Rlo]l 2 & Sl
(McKercher et al., 2024). w=hy B9 =AE
oA FZO|ZAFA] LY== UAMY AT 23S
AelA= ARt 714 B dR E40] 4A ol
(Archdeacon et al., 2020; Labbad et al. 2022).

Schweiger et al.(2023)2 v}E} 80| HE|ZE
oA g SF| mA= FFE B, Moh-
amed et al.(2023)2 PBI (planet boundary layer)
o|A19] Turbulence Intensity (Ti)Q} E&0] FAgZ
7I(UAV, uncrewed air vehicle)o] F|X& JFS &
A5todr}. 11 dol UAMOY vA= 3RE dstet
I FAs7] flste] tRt A7) o]FofAa Qlrk
(Bauranov et al., 2021; Won and Kim, 2023).
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Fig. 1. K-UAM grand challenge regional integrated operations plan
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T8 HRY S W ofF oA oA AHE
H2 b3t Zo] #EE & itk

S(k) = o7 o

o714 Sk)= oA AHEY WUx(m’s)), o=
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Fig. 2. Location of ultrasonic anemometers(CSAT3A) and surrounding structures
in the Goheung grand challenge
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Fig. 3. Power spectral density by wind
components u (blue), v (yellow), and w (green)

Table 1. Average slope of the energy spectrum
density by wind component

0.5~10.0 Hz 0.5~5.0 Hz
u -1.38 -1.55
v -1.38 -1.56
w -1.54 -1.61

Kolmogorov & 7Hdo] mE o|2% 7]&7]Qd
-5/3 710& AA| F1tol| tigt 717 Bo] wiE
£ QA= u, v, wzt 17%, 17%, 8%°|H, /dotd
o] Fuke kg 277 Fo 71L7] Hel WE
& QA= 7%, 6%, 3%E BE Hig AR tisiA 7|
7] 27t 451l

T ofdde AT T EDRE u, v, w ZF v
‘g8l dis Aktetlon, olF E2I1gdsle] 2EH
08 EDRE AFESITHEq. 4).

ﬁ: 10 (log,(EDR, +log,,EDR, +log,,EDR,,)/3 (4)

m. & 3o

3.1 EDR 4= Zut

7oA A= dRe T8 7 FA +
4, @< 5ol wet ZEpKIeth Table 2& ICAOOIA Al
ASt Light-size (7,000kg less) T57]0l419] d&F A|
ZF 73=9] 71&0|tHICAO. 2017). €Hkd oz UAMS
4% FF7|EoE 2R F7]0] sigE, EDRO Al
7120l HolA A g2 AFoE E AfoM=
ICAOONA AAGE 427 35719 7Ieol wet 7 7
TE RS Aol UAM 3710 wE
AR G BE9] 7lo] Qa3 HoF Hlr
0.5~5Hz9| #otdd= A & A4kE EDR
9 AAE I g o]85l A%k EDRY HIE AH
oIt} Fig. 4= EDRY| A7t AlAIE T s vehd
Zog 7I& A2 4285 7](Light size) 7]1&0A
9] Severe, Moderate, Light®] UAZ& UERATH
(Table 2). A|AIE A=A EDR Light®} Mo-
derate 710l 7F4 wWo] Bxsj Qlon, 2E A4
oA Severe YAFZ HolA= A8 dH7F Uehvk=
A& & 5 k. 53] 7€ 8¥ol| Severe o9 &

rKE = T

<= &7t L‘rE}L}% HIE=7F A e of5do] &

Table 2. EDR intensity thresholds for light—sized
aircraft specified by ICAO

Severe Moderate Light

EDR(m*3s™) 0.36 0.16 0.04
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Fig. 4. EDR time series data from December 2022 to November 2023,
with dashed lines indicating the thresholds for severe (red), moderate (green), and light (orange)
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Fig. 5. Seasonal diurnal variation of wind direction rate: (a) spring, (b) summer, (c) fall, (d) winter
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Fig. 7. Seasonal EDR ROSE(left) and wind direction EDR intensity distribution(right)

(severe: red; moderate: green; light: orange; none: blue): (a) spring, (b) summer, (c) fall, (d) winter)
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Fig. 8. Diurnal variation box plot of EDR without sea breeze (left) and with sea breeze (right)
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