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Computationally efficient RANS calculations are necessary in the aerospace design pro-
cess [11], where a large number of simulations must be performed. Flow separation,
that often dominates complex practical flows, even at nominal operating conditions [3]
presents marked anisotropy [10] and strong hysteresis [4] phenomena which require ad-
vanced turbulence closures to achieve acceptable accuracy. Differential Reynolds-stress
models (RsMs) which directly include several important mechanisms (anisotropy, convec-
tive history, streamline curvature, redistribution, Coriolis effects) in the exact equations
that are modelled are increasingly considered as a promising practical alternative [8] to
the 2-equation closures that have widely dominated RANS CFD in the past two decades [2],
especially with the availability of efficient and robust low-diffusion slovers [1]. The paper
discusses the performance of the final evolution of a 7-equation r;; — ¢* wall-normal-
free RSM [5], especially with reference to selected test-cases of the NASA Turbmodels
project [9], namely the 2-D NACA4412 airfoil trailing-edge separation case and the 2-D
convex curvature boundary-layer validation case. The GLVY RSM slightly improves a pre-
vious successfull model [6], especially in the reattachment region, and also has a different
apparent transition behaviour [7].

The success of both these models [5, 6] in predicting flows with large separation (Fig. 1) is
attributed to the particular functional dependence of the rapid redistribution isotropiza-
tion of production model coefficient [6, Fig. 4, p. 1837]. To further substantiate the
previous results [3, 5] we study two separated flow configurations that are part of the
NASA Turbmodels test cases [9], and discuss perspectives in differential Reynolds-stress
modelling.
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Figure 1: Comparison of computed and measured pressure coefficient C), along the centerline scr,/dy
directions at three circumferential angles ¢rxp in the S-duct of Wellborn et al. [12], using three Reynolds-
stress models and a linear k — ¢ model (Recr, = 2.6 x 105, 2x10° points grid) with a zoom in the
experimental separated flow region between scy,/dq = 2.02 and sc¢yp,/dy = 4.13.

[2] GErROLYMOS G.A.: Implicit Multiple-Grid Solution of the Compressible Navier-Stokes Equations
using k — e Turbulence Closure, ATAA J. 28 (1990) 1707-1717.

[3] GErROLYMOS G.A., JoLY S., MALLET M., VALLET I.: Reynolds-Stress Model Flow Prediction in
Aircraft-Engine Intake Double-S-Shaped Duct, J. Aircraft 47 (2010) 1368-1381.

[4] GErOLYMOS G.A., KaLLAs Y.N., PapraiLiou K.D.: The Behaviour of the Normal Fluctuation
Terms in the Case of Attached and Detached Turbulent Boundary-Layers, Rev. Phys. Appl. 24
(1989) 375-38T.

[5] GERoLYMOS G.A., Lo C., VALLET 1., YOUNIS B.A.: Term-by-term analysis of near-wall second
moment closures, AIAA J. 50 (2012) 2848-2864.

[6] GEROLYMOS G.A., VALLET I.: Wall-Normal-Free Near-Wall Reynolds-Stress Closure for 3-D Com-
pressible Separated Flows, AIAA J. 39 (2001) 1833-1842.

[7] GEROLYMOS G.A., VALLET I.: Bypass transition and tripping in Reynolds-stress model computa-
tions, ATAA Paper 2013-2425, ATAA 21. Comp. Fluid Dyn. Conf., 24-27 jun 2013, San Diego, [CA,
USA] (2013).

[8] JAKIRLIC S., EISFELD B., JESTER-ZURKER R., KROLL N.: Near-wall Reynolds-stress model cal-
culations of transonic flow configurations relevant to aircraft aerodynamics, Int J. Heat Fluid Flow
28 (2007) 602-615.

[9] Rumsey C.L., SMITH B.R., HUANG G.P.: Description of a website resource for turbulence model
verification and validation, ATAA Paper 20104742, 40. ATAA Fluid Dyn. Conf., 28 jun—1 jul 2010,
Chicago [1L, USA] (2010).

[10] StmMpsON R.L.: Turbulent Boundary-Layer Separation, Ann. Rev. Fluid Mech. 21 (1989) 205-234.

[11] Vos J.B., Rizz1 A., DARrRACQ D., HIRSCHEL E.H.: Navier-Stokes solvers in European aircraft
design, Prog. Aerosp. Sci. 38 (2002) 601-697.

[12] WELLBORN S.R., REICHERT B.A., OkIisur T.H.: Study of the Compressible Flow in a Diffusing
S-Duct, J. Prop. Power 10 (1994) 668—675.



