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Turbulence models • A turbulence model is a computational procedure to close the system of mean flow equations. • For most engineering applications it is unnecessary to resolve the details of the turbulent fluctuations. • Turbulence models allow the calculation of the mean flow without first calculating the full time-dependent flow field. • We only need to know how turbulence affected the mean flow. • In particular we need expressions for the Reynolds stresses. • For a turbulence model to be useful it: – – – –



must have wide applicability, be accurate, simple, and economical to run.
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Prediction Methods



h = l/ReL3/4



l Direct numerical simulation (DNS)



Large eddy simulation (LES)



Reynolds averaged Navier-Stokes equations (RANS) teknik.dikampus.com
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Comparison of RANS turbulence models Model SpalartAllmaras STD k-



RNG k- Realizable k- Reynolds Stress Model



Strengths



Weaknesses



Economical (1-eq.); good track record for mildly complex B.L. type of flows. Robust, economical, reasonably accurate; long accumulated performance data.



Not very widely tested yet; lack of submodels (e.g. combustion, buoyancy).



Good for moderately complex behavior like jet impingement, separating flows, swirling flows, and secondary flows. Offers largely the same benefits as RNG but also resolves the round-jet anomaly.



Mediocre results for complex flows with severe pressure gradients, strong streamline curvature, swirl and rotation. Predicts that round jets spread 15% faster than planar jets whereas in actuality they spread 15% slower. Subjected to limitations due to isotropic eddy viscosity assumption. Same problem with round jets as standard k-. Subjected to limitations due to isotropic eddy viscosity assumption.



Physically most complete Requires more cpu effort (2-3x); tightly model (history, transport, and coupled momentum and turbulence anisotropy of turbulent equations. stresses are all accounted for). teknik.dikampus.com



16



Recommendation  Start calculations by performing 100 iterations or so with standard k-ε model and first order upwind differencing. For very simple flows (no swirl or separation) converge with second order upwind and k-ε model.  If the flow involves jets, separation, or moderate swirl, converge solution with the realizable k-ε model and second order differencing.  If the flow is dominated by swirl (e.g. a cyclone or un baffled stirred vessel) converge solution deeply using RSM and a second order differencing scheme. If the solution will not converge, use first order differencing instead.  Ignore the existence of mixing length models and the algebraic stress model.  Only use the other models if you know from other sources that somehow these are especially suitable for your particular problem (e.g. SpalartAllmaras for certain external flows, k-ε RNG for certain transitional flows, or k-ω). teknik.dikampus.com
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