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Prediction of Turbulent flow — Part 6

By: M. Farhadi
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DES: Detached-Eddy-Simulations
ES (Detached Eddy Simulation) 1s a mix of LES and URANS. The aim 1s to treat
the boundary layer with RANS and capture the outer detached eddies with LES.
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The production term P and the destruction term W have the form

Z

~ 2
P = Cbl,ﬂ (§ + ﬁ:ﬁdﬂ f2> i}f s = (ggljglj)lfz b = Cwlpfw (%)

d in the RANS SA model is equal to the distance to the nearest wall.

InDES  d = min(d, CesA) A = max(Axg, Az,, Axe)

constant C'y., is usually set to 0.65
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In the boundary layer d < Cy.sA and thus the model operates in RANS mode.

Outside the turbulent boundary layer d > CgesA so that the model operates in LES

DES based on two-equation models

Ok | 0 14y 2 (Hut) Ok pr_ .

ot oz 0 9z; |\ ox) 0z;

ge o0 . 0| v\ Oe | e ko
E—i—aTj(’UjE) — 3:1:j (U+JE) aiﬂj_ + k(C’lP CQE'}

Pk = 2yf§ij'§1j: Vy = kl’xsz

The turbulent length scale, ¢;, and the turbulent dissipation, £, are computed as

kﬁ/ﬁ L:3/2
¢y = min (C“T’ CDES&) eT = max (E: Ce A )
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When the grid e
is sufficiently fine, the length scale is taken as A. The result is that the dissipation in
the k equation increases so that k£ decreases which gives a reduced v;. In regions where
the turbulent length scales are taken from A (LES mode) the s-equation is still solved,

but £ 1s not used. However, ¢ 1s needed as soon as the model switches to RANS model
again.

DES based on the & — w SST model

+2(1 - R)ouag om0
Fy =tanh(¢*), &= min {maﬁ { ;Ed’ Zgiy} i‘ygwdﬂ
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max(ajw, |5|F3)

'y =

, 1/2
F, = tanh(n?), 71 = max { 2k 5OUF}

Brwd’ d2w a=Fap_,+ (1 —F)og_.

where d i1s the distance to the closest wall node. The SST model behaves as a k — w
model near the wall where F; = 1 and a £ — £ model far from walls (£} = 0). All
coefficients are blended between the £ — w and the £ — £ model using the function F7,
for «, for example,

B* =009, ay =03
Qp—w =— 5/9: .Bk—u = 3/40'~ Okk—w — 085* Ow,k—w — 0.5
akp—e = 0.44, [r—c =0.0828, ok kr—ec=1, 0w r—e = 0.856.

In DES the dissipation term in the & equation is modified as

L, klf?
B*kw — B kwFpes, Fpes = ma}({ 1} = max{ 1}

CpesA’ CpesB*Aw’
kl}?
A = max {Az;, Azxe, Azxg}, L;= T Cpges = 0.61
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A = max {Ax;, Axy, Axs} ) —
==

The larger the maximum cell size (usually Az or Az) is made, the further out from the
wall does the switch take place.

DDES

Az or Az (Axq, or Axg) are too small (smaller than the boundary layer thickness, 6).

FpEs term switches to LES 1n the boundary layer

This means that the flow in the boundary layer . - . o
s treated in LES mode with too a coarse mesh. t o T_igl i
This results in a poorly resolved LES and S — y S— -
hence inaccurate predictions. A / g = — /___/ g S— )
7 |a %
The grid on the left is a gOOd DES mesh Figure 20.1: Grid (in blue) and a velocity profile (in red). RANS-LES interface is shown by the

dashed-green line.

Here Axr = Cpggdr; (assuming Axrs < Ax,) is proportional to the boundary layer

The grid on the right A < & hence the outer part of the boundary layer is in LES mode

Different proposals have been made to protect the boundary layer from the LES mode

Ly
CpesA

Fppes = max{ (1—Fg), l} F's 1s taken as F' or Fsof the SST model

This 1s called DDES (Delayed DES)
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Hybrid LES-RANS

Ilustration of near-wall turbulence
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Figure 21.3: The LES and URANS region.

Hybrid LES-RANS is similar to DES (Detached Eddy Simulations) [137,152,153].
The main difference 1s that the original DES aims at covering the whole attached
boundary layer with URANS, whereas hybrid LES-RANS aims at covering only the
inner part of the boundary layer with URANS. In later work DES has been used as a
wall model [ 148, 154] — called wall-modelled LES — and, in this form, DES is similar
hybrid LES-RANS.
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Momentum equations in hybrid LES-RANS | #3{:/;,/; s }ﬁ) “_!'*:ﬂﬁ

—|_ T_Jtiﬁ = — = —I— 1 _|_ 1/ e g
ot Oz, (0:23) pOx; Oxj [( r) ;:r:j]

where v = 14 (14 denotes the turbulent RANS viscosity) for x2 < x9 ,,,; (the URANS
region, see Fig. 21.3) and, for 2 > 2 ,n1 (the LES region), vy = vggs.

wall
URANS region The one-equation hybrid LES-RANS model
LES region C}kT 4 6‘ (— 2 ) C} ( 4 ) akT + P Cr k;f‘a
vikr) = — |(Vv +vr) — o —C
af Srj ivT an T Harj kr © ¢
. URANS region +
b L2,mi PkT = _Tijgija Tij = —ZUTgij
I
v In the inner region (x2 < 2 ;1) k7 corresponds to the RANS turbulent kinetic energy,
1 k; in the outer region (x2 > x2 ;) it corresponds to the subgrid-scale kinetic turbulent
Figure 21.3: The LES and URANS region. energy (qug)‘
At the walls, kr = 0.
URANS region LES region
/ f;r::”‘ln[l — exp(—0.2kY2n/v)] (=A
VT H.cixdklfgn[l — exp(—0.014k'2n/v)] | 0.07k/2¢
C- 1.0 1.05

Table 21.1: Turbulent viscosity and turbulent length scales in the URANS and LES regions. n
and x denote the distance to the nearest wall and von Karméan constant (= (.41), respectively.

A= (6V)/3
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When prescribing the location of the RANS-LES interface, the velocity profile may
show unphysical behaviour near the interface because of the rapid variation of the tur-

bulence viscosity. Much work on forcing have been presented in order to alleviate this
problem [99, 127, 148, 149].

The SAS model (Scale- Adaptive Simulation)

o(v)/Ox:
The von Karman length scale Lykaip =K 33<§;}/l ] ;é
25 9%\ 3]
UH o t ] LT_’K,:‘ED = K
In the SAS model (53:}_ 0z, 040z k) \U"|

;e %0, \” 920 9?0, \’
v = (anl) 2 (03‘10;‘2) "2 (axla;:g)
() e () (22)
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PANS Model G in oy =
g*iﬂméfﬂw —

HE PANS method uses the so-called “partial averaging”™ concept, which corresponds

Tm a filtering operation for a portion of the fluctuating scales [160].
For an instantaneous flow variable, I, we use f to denote the partially-averaged
part, namely f = P(F'), where P denotes the partial-averaging operator. We consider
incompressible flows. Applying the partial averaging to the governing equations gives

O av; O, 19p 9 [ O
—_— =) Ui (1'113) — p L T o= Plv;v; ) — 0;0,4
ox; BT + &rj pé‘ri + (31‘3' (F(Bi‘ﬂj Tt;;) Tij (2 ?j} Uy

In order to formulate the PANS eddy viscosity, they defined in [160] another two
quantities, the partially-averaged turbulent kinetic energy, k,, and its dissipation rate =,,,

Tij = —2,5;j, where 5;; 1s the strain-rate tensor e -
u 1L
v, 1s the PANS eddy viscosit — 2 k= — and ¢ = —

=7
Usually f. =1; f- < 1

[160] S. S. Girimaji. Partially-averaged Navier-Stokes model for turbulence: A
Reynolds-averaged Navier-Stokes to direct numerical simulation bridging

method. ASME Journal of Applied Mechanics, 73(2):413-421, 2006.
By: M. Farhadi
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The k, equation is derived by multiplying the RANS k equation 3;; j_..r-f }ﬁ) —
-

k — € model by fx, i.e. (for simplicity we omit the buoyancy term) L P i e

R Ry N Ty (SO

Vi denotes the RANS velocity —
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The ¢, equation is derived by multiplying the RANS ¢ equation by f., i.e.

aEu a(Euﬂj) L -aE 8(51737)
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The £, equation in the PANS model now takes the following form

Oz, O(e,;) s, Vo \ Oy Eu , €2
—— T e— E Pu_ T e —
ot " Ox Ox; [(U N agu) 83:J + G k. 2 ke
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A Low Reynolds number PANS model

= —— P, —
ﬂt -+ 8:53 a:cj [(U -+ Orn ) 83_‘:3 ] + ( U Eu)

- 2
O N 0(eu?;) _ 0 [(u+ ;fu ) 35.1,,] Lo P o
J U

ot Jx 0z J0x; Ky “ky
k-2 ) |
—O f,u = =9 — el T % (Ceﬁfﬁ_csl)
2 2
Oku = Ok ;_i y Ocy = O¢ %

Cop =1.5,Cc0 =190, =1.4,0. = 1.4,C,, = 0.09
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