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Interscale transport of the Reynolds stress in a turbulent boundary layer
subjected to adverse pressure gradient

Min Yoon'

Abstract An interscale transport of the turbulent kinetic energy (TKE) and Reynolds shear stress (RSS)
is examined in an adverse pressure gradient (APG) turbulent boundary layer (TBL). The direct
numerical simulation data of an APG TBL at Re, = 834 and f = 1.45 is employed. The TKE and
RSS transport equations are divided into large and small scales, leading to the introduction of
interscale transport. The TKE mainly transfers from large scales to small ones in the outer region,
and vice versa for the RSS. An interscale transport of TKE and inverse interscale transport of RSS
are amplified by APG, and the latter results in the increase in large scales of TKE production. Some
of outer large scales of enhanced TKE transfer to small scales and then dissipate by viscosity, and
the remains dissipate near turbulent—non-turbulent interfaces by turbulent transport.
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Table 1. Parameters of the computational domain.
Li/dy and N; indicate the domain sizes and the
number of grids, respectively. Here, Jy is the inlet
boundary layer thickness. Ax", Ay" and Az" are
grid resolutions in streamwise, wall-normal and
spanwise directions, respectively. The superscript +
represents quantities normalized by the wall units.
Re; is the friction Reynolds number.

L/og | L/oy | L/ N N, N
APG | 1834 | 100 130 | 10497 | 541 1025
ZPG | 2300 | 100 | 100 | 13313 | 541 769

Ax" Az AVin’ Re,
APG 3.34 243 0.098 834
7PG 5.60 421 0.165 837
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Fig. 1. Wall-normal profiles of (a) streamwise
mean velocity (U) and (b) turbulent kinetic
energy (tke) and Reynolds shear stress (<-u>). In
(a), x is the von Karman constant (k =0.41), and
C is constant value of 5.1. Symbols denote results
of a ZPG TBL at Re, = 830",
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Fig. 2. 2D contours of (a) pre-multiplied spanwise
energy spectra of the turbulent kinetic energy and
(b) pre-multiplied spanwise co-spectra of the
Reynolds shear stress.
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Fig. 3. Wall-normal profiles of turbulent kinetic
energy budgets. Symbols denote results of a ZPG
TBL at Re, = 830"\
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Fig. 4. Profiles of the turbulent transport for large
scales (7d") and small scales (7d°) of (a) turbulent
kinetic energy budgets and (b) Reynolds shear stress
budgets, respectively.
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Fig. 5. Profiles of the interscale transport (77) of
turbulent kinetic energy budgets (dashed lines) and
Reynolds shear stress budgets (solid lines).
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