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Lars Davidson HYBRID LES-RANSNear walls: a RANS one-eq. k model.In ore region: a LES one-eq. kSGS model.
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Lars Davidson MOMENTUM EQUATIONS� The Navier-Stokes, time-averaged in the near-wall regions and�ltered in the ore region, reads

� �Ui�t + ��xj � �Ui �Uj� = �Æ1i � 1�� �P�xi + ��xj �(� + �T )� �Ui�xj��T = �t; y � yml; �T = �sgs; y � yml
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Lars Davidson TURBULENCE MODEL�Use one-equation model in both URANS region and LES region.�kT�t + ��xj (�ujkT ) = ��xj �(� + �T ) �kT�xj � + PkT � C"k3=2T`PkT = 2�T �Sij �Sij; �T = Ck`k1=2TLES-region: kT = ksgs, �T = �sgs, ` = � = (ÆV )1=3URANS-region: kT = k, �T = �t, ` / y, Chen-Patel model (AIAAJ. 1988)
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Lars DavidsonSYNTHESIZED ISOTROPIC TURBULENCE
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�n � �n = 0ut(x) = 2 NXn=1 ^un os(�n�x+ n)�n; N = 150; ^un =pE(�n)��n; �n = j�nj

� �e = 13�=(55Lt), Lt = k3=2=" At high �, E(�) is a funtion of �� [�1; �max℄ divided into N modes, �max = �minf�x;�y;�zg, �1 = �e=2
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Lars Davidson TIME SCALES� M independent realizations ut(x) are reated. Thus no timeorrelation. A time orrelation is introdued by

(U 0)m = a(U 0)m�1 + b(ut(x))m;m = time step

� The autoorrelationis presribed by settinga = exp(��t=T ), b = (1� a2)1=2exp(��=T )B(� ) from (U 0)m 0 0.2 0.4 0.6 0.8 1
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Lars Davidson CHANNEL WITH INLET-OUTLET� Inlet �utuations are set as (U 0)m, (V 0)m, (W 0)m.� The streamwise �utuations are superimposed to the mean pro-�le
U+in = 8<: y+ y+ � 5�3:05 + 5 ln(y+) 5 < y+ < 301� ln(y+) +B y+ � 30where � = 0:4 and B = 5:2
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Lars DavidsonDOMAIN, Re� = u�Æ=� = 2000 (Reb ' 80 000)PSfrag replaements
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Lars Davidson TEST CASES� Different inlet turbulent length and time sales have been used� Using k = 4, " = 70 (saled with u� and Æ), the baseline saleswere set to:Length sale: Lt = k3=2=" = L1 = 0:11ÆTime sale: �t = 4k=" = T1 = 0:22Æ=u�
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Lars Davidson Time sale T1 and length sale L1
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Lars Davidson Time sale T1 and length sale 2L1
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Lars DavidsonTime sale T1 and length sale Lt = 0
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Lars DavidsonTime sale � = 0 and length sale L1
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Lars DavidsonTime sale 0:25T1 and length sale L1
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Lars Davidson FRICTION VELOCITIES
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Lars DavidsonFORCING FLUCTUATIONS ADDED AT THE INTERFACE� Objet: to trig the momentum equations into resolving large-sale turbulene
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Lars DavidsonINLET BOUNDARY CONDITIONS vs. FORCING
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Lars DavidsonFULLY DEVELOPED CHANNEL FLOW (periodi in x)
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Lars Davidson
FRICTION VELOCITIES, LONG CHANNEL� T1, L1
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Lars Davidson
FRICTION VELOCITIES, X-LONG CHANNEL� T1, L1
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Lars DavidsonDIFFUSER GEOMETRY. Re = UinH=� = 18 000, angle 10oHybrid LES-RANS, Dahlstr¨om & Davidson (2005a)PSfrag replaementsH = 2Æ
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Lars Davidson DIFFUSERPSfrag replaements x = 3H 6 14 17 20 24H
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Lars Davidson
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xz y Inlet B.C.Hybrid LES-RANS, Dahlstr¨om & Davidson (2005b)Mesh 160� 80� 128, Re = UinH=� = 1:3 � 105
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Lars Davidson3D HILL: white region is bak�ow. z = 0
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Lars Davidson 3D HILL
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Lars Davidson EMBEDDED LES

PSfrag replaements RANS LES/URANS

Inlet for LES/URANS

�1. Do a RANS simulation of the entire domain2. Do an unsteady LES/RANS simulation of the right part of thedomain� At stage 2, �utuating inlet boundary onditions needed
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Lars DavidsonFLOW OVER a BUMP: DESider CASE�Measurements have been arried out by ONERA. Reh = 2:1 � 106based on the bump height. Retangular dut.� W=H = 1:67, h=H = 0:46, L1=H = 0:34, L2=H = 0:88, L=H = 7:6,Æin=H = 0:03.�Mesh: 221� 122� 32. Note that Æin=�z ' 2 and Æin=�xin ' 3
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Lars DavidsonFLOW OVER a BUMP: shear stresses
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Lars DavidsonFLOW OVER a BUMP: pressure oef�ient
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Lars Davidson CONCLUSIONS� Synthesized isotropi turbulene �utuations have been usedfor presribing �utuating inlet veloities.� Length sale L1 and time sale T presribed independently� It has been shown that both L1 and T are essential� Far downstream the inlet, the standard hybrid LES-RANS for-gets the inlet turbulene� Hybrid LES-RANS with foring onditions are needed for longhannels� Foring onditions similar to inlet boundary onditions of �u-tuating veloities. The objet is to trig the equations into resolv-ing turbulene.
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