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Turbulent Mixing in the Atmospheric Boundary Layer during Monsoon LLJ: A Laboratory Study using the Wall Jet Model (Choudhary et. al 2023 a,b3,4)

Quadrant analysis of the CG region

 The plane turbulent wall-jet flow

serves as a valuable laboratory

model of the LLJ.

 LSE analysis shows presence of

jet-scale eddy in the CG region.

 Presence of 'Non-local' (Q1-Q3)

events found in the CG region

WJ1

WJ3

Monin–Obukhov similarity theory (MOST1) vs. M-υ scaling of surface drag in ABL using idealized WRF-LES (Gupta et.al 20232)

Drag Parameterization for ABLs (ongoing):

 Idealised WRF-LES is performed.

 Solapur (CAIPEEX) sounding data is used as base condition for LES along

with co-located tower (drag) data for comparison.

 Semi-empirical drag model (M-υ scaling) from laboratory studies extended

to near-neutral and convective ABLs.

 Drag obtained through M-υ scaling (C-model) is better compare to MOST.

Turbulent-Non-Turbulent Interphase (TNTI) in Plane Wall-Jet

Linear Stochastic Estimation (LSE)

Key Highlights
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 High speed PIV is used

 Turbulent Kinetic Energy (TKE) field computed with Chauhan’s TKE criterion8

 TNTI obtained by applying the Chauhan’s detection algorithm.
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Amplitude and Frequency Modulation within Wall Jet (on going)

Amplitude Modulation (AM) and Frequency Modulation (FM) events in a decomposed

velocity signal from hot-wire anemometry at a wall normal location (𝑧+ ≈ 20).

• High Speed Event: A positive fluctuation of 𝑢𝐿 increases amplitude and frequency of 𝑢𝑆
• Low Speed Event: A negative fluctuation of 𝑢𝐿 reduces amplitude and frequency of 𝑢𝑆

High Speed Event

Low Speed Event
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 ℱ𝐿 represents large-scale component of a function of small-scales.

 ℱ𝐿 = 𝐸𝐿 𝑢𝑆 → an envelope of small-scale amplitudes → amplitude modulation6

 ℱ𝐿 = 𝑓𝐿 𝑢𝑆 → instantaneous small-scale frequencies → frequency modulation7

 𝑅 → 1 ⇒ 𝑢𝐿 & ℱ𝐿(𝑢𝑆) are correlated  𝑅 = 0 ⇒ No correlation

 𝑅 → −1 ⇒ 𝑢𝐿 & ℱ𝐿(𝑢𝑆) are anti - correlated

Detection Criterion෩𝒌 TNTI


