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PANS Low REYNOLDS NUMBER MODEL [3]
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o Baseline model: fy = 0.4. Range of 0.2 < fy < 0.6 is evaluated
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PANS Low REYNOLDS NUMBER MODEL [3]
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o Baseline model: fy = 0.4. Range of 0.2 < fy < 0.6 is evaluated
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CHANNEL FLow: ZONAL RANS-LES

Ku,int> Eu,int LES, fy <1
|
RANS, fc = 1.0 Vint
y
wall
X

o Interface: how to treat k and ¢ over the interface? They should be
reduced from their RANS values to suitable LES values

@ The usual convection and diffusion across the interface is cut off,
and new “interface boundary” conditions are prescribed

@ kyint = fkkrans

@ Nothing is done for ¢

@ Xmax = 3.2 (64 cells), zmax = 1.6 (64 cells), y dir: 80 — 128 cells

e CDS in entire region
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INTERFACE LOCATION. Re, = 8000.
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EFFECT OF fi. Re. = 16 000. y,;. = 500
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EFFECT OF RESOLUTION: VELOCITY
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EFFECT OF RESOLUTION
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EFFECT OF RESOLUTION

. TURBULENT VISCOSITY
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EFFECT OF RESOLUTION: TURBULENT VISCOSITY
Re. = 4000 Re. = 8000
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SGS MODELS BASED ON GRID SIZE

@ When the grid is refined, 11 gets smaller
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SGS MODELS BASED ON GRID SIZE

@ When the grid is refined, 11 gets smaller

@ Es5gs,A = E€sgs,0.5A

I~ (U
9 £595 = 2<Vt3ij5ij> - <7'12,t> 6<y>

E Pk res o Grid refinement = must be
\ accompanied with larger S;S;

@ = §;S; must take place at
higher wavenumbers
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oW’
POWER DENSITY SPECTRA OF VtO.S(‘?—z
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0.02 0.03

0.025-

0.02r

0.0151

0.01r

0.0051

00 20 40 60 80 100

Rz

— (Nx X Nz)=64x64__.. 32x32 —.— 128x128

www.tfd.chalmers.se/lada CHALMERS Zonal PANS 11/18



SGS DISSIPATION VS. WAVENUMBER

o Energy spectra of the SGS dissipation show that the peak takes
place at surprisingly low wavenumber (length scale corresponding
to 10 cells or more).

E(x)

K¢
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SGS DISSIPATION VS. WAVENUMBER

o Energy spectra of the SGS dissipation show that the peak takes
place at surprisingly low wavenumber (length scale corresponding
to 10 cells or more).
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SGS DISSIPATION, Re. = 8000

@ SGS dissipation in the /U] /2 eq, esgs = 2(145jSjj) — (T12,1)

One-eq ksgs model
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LocAL EQuILIBRIUM. Re, = 4000, Ny x N, = 64 x 64.

k equation e equation
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Left vertical axes: URANS region; right vertical axes: LES region.
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LOCAL EQUILIBRIUM IN ¢ EQUATION.

@ How can both the k eq. and ¢ be in local equilibrium??
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LOCAL EQUILIBRIUM IN ¢ EQUATION.

@ How can both the k eqg. and ¢ be in local equilibrium??

If
(Pk) = (e)
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LOCAL EQUILIBRIUM IN ¢ EQUATION.

@ How can both the k eq. and ¢ be in local equilibrium??

If
(Px) = (&)
then

{e) Ae)?
01®<Pk>#0 T«

,because C; # C;
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LOCAL EQUILIBRIUM IN ¢ EQUATION.

@ How can both the k eqg. and ¢ be in local equilibrium??
If
(Px) = (&)
then

(e) «(8)? ;
C1®<Pk>7éczm, because C; # C;

However, the figure on previous slide shows

e (ip) =i (%)
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LOCAL EQUILIBRIUM IN ¢ EQUATION.

@ How can both the k eq. and ¢ be in local equilibrium??
If
(Px) = (e)

then

(e) (e)? .
C1M<Pk>7éC2<T>, because C; # C;

However, the figure on previous slide shows
e (Zp) =3 (Z
@ Answer: when time-averaging (ab) # (a)(b)
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LOCAL EQUILIBRIUM IN ¢ EQUATION.

@ The answer is because of time averaging ((ab) < (a)(b), (see
below)

1.2

115}

\
1.1
A

1.05f

lO 0.1 0.2 0.3 0.4 0.5 0.6

y
(ePy /K) (2/k)
@) P}/ (k) =777 (e2)/(k)

www.tfd.chalmers.se/lada CHALMERS Zonal PANS 16/18



RESOLVED AND MODELLED TURBULENT KINETIC
ENERGY.

Resolved Modelled: bottom; total: top
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CONCLUDING REMARKS

o LRN PANS works well as zonal LES-RANS model for very high
Re, (> 32000)

@ The model gives grid independent results

@ The location of the interface is not important (it should not be too
close to the wall)

@ Values of 0.2 < fy < 0.5 have little impact on the results
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