Near-wall expansions of individual terms in transport equation

for dissipation rate

Nomenclature

ap, by, cp, - - coefficients in near-wall expansions of pressure fluctuation.
bi,ci,diy---(i=1,2,---)  coefficients in near-wall expansions of velocity fluctuations.
by, dg, eq, - - coefficients in near-wall expansions of temperature fluctuation.
k turbulent kinetic energy, m / 2

ko temperature variance, 6’6’ / 2

D pressure

Guw heat flux at wall

Ui, Uy U, W velocity component

T, streamwise direction

9,y wall-normal direction

3,2 spanwise direction

Greek

€ dissipation rate of turbulent kinetic energy, v (du;/ 8:Uj)2
g dissipation rate of temperature variance,  (06'/ 8mj)2

K thermal diffusivity

0 temperature

v kinematic viscosity

0 density

Superscripts

() fluctuation component

ﬁ statistically averaged component

Near-wall expansions of individual terms in transport equations for € and &g are examined analyti-

cally.

Fig. 1: Configuration of the channel.

The configuration applied here is a fully developed turbulent channel flow as shown in Fig. 1. The
flow is driven by a uniform pressure gradient. The temperature field is imposed by uniform heating
over both walls with a constant time-averaged heat-flux. The temperature is treated as passive scalar.
The periodic boundary conditions are imposed in the streamwise (x) and spanwise (z) directions. The
walls are non-slip. Further details of the numerical procedures can be found in Kozuka et al. (2008),
Abe et al. (2004) and Kawamura et al. (1999).



1. Near-wall expansions of individual terms in e-budget

e Viscous diffusion
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Near-wall expansions of the velocity fluctuations in terms of y can be given in Eq. (2) ~ (4).

By substituting Eq. (2) ~ (4) into Eq. (1), the each component in the viscous diffusion term
can be expanded as follows:
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Therefore[] the near-wall expansion of the viscous diffusion term can be expressed as below.
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e Dissipation
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By substituting Eq. (2) ~ (4) into Eq. (6), the each component in dissipation term can be

expanded as follows:
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ThusO the dissipation term can be expanded as follows:
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With use of Eq. (2) ~

(%)
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(4), individual components in Eq. (9) can be expanded as below.
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Individual components in Eq. (10) and (11) can be also expanded as below.
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By substituting the expanded components in (9),(10) and (11) into Eq. (8), the near-wall
expansion of the turbulent production can be derived as follows:
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By substituting Eq. (2) ~ (4) into Eq. (13), the each component can be expanded as follows:
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Thereforel] the near-wall expansion of the turbulent diffusion term can be given as follows:
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Near-wall expansion of pressure fluctuation in terms of y can be given as follows:
P =ap+byy+ eyt +dpy’ + - (16)

By substituting Eq. (2) ~ (4) and (16) into Eq. (15), the each component can be expanded as

follows:

Ox Ox

dy Oy

(522

0z 0z

) =
(

Oy

ox

) =

o T ) (R )
) () {3 (52 (
) = (bp +2cpy + - -+) (2c2y + 3day® + - -+)
= 2bycoy + (3bpds + 46502) y* + - -

(

)(

90,
ox

-

72) () (5) (2) + (

Oy

0z

)(

o
0z

)i



Therefored the near-wall expansion of the pressure diffusion term can be written as follows:
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e Gradient production
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e Production
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Therefore[] the near-wall expansion of the mixed production term can be given as follows:
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2. Near-wall expansions of individual terms in ¢yp-budget

e Viscous diffusion
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In case of the current thermal boundary condition, near-wall expansion of the temperature

fluctuation can be given as follows:
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By substituting Eq. (25) into Eq. (24), the each component in the viscous diffusion term can
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Thus, the viscous diffusion term can be expanded as follows:
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Using Eq. (25), following equations can be obtained.
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By substituting the near-wall expansions above into individual components in Eq. (27), the
each term can be expanded as follows:
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Therefore, the near-wall expansion of the dissipation term can be given as below.
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e Turbulent production
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By substituting the near-wall expansions above into individual components in Eq. (29), the

each term can be expanded as follows:
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Therefore, the near-wall expansion of the turbulent production term can be written as below.
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Therefore, the near-wall expansion of the turbulent diffusion term can be written as below.
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e Gradient production

000 9% 00" 5%0
PB® = 2 = 2KV — ——
co i Ozy, 0xj0xy, o Oy Oy? (33)
— %0
= 2K (Cgbgy2 + - ) aiyz (34)

e Production by mean temperature gradient
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e Production by mean velocity gradient
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