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A New Turbulence Model for Predicting Complex Turbulent Flows
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Abstract

A new two-equation turbulence model which
incorporates some essential characteristics of second-
order closure models is proposed. The present model
takes into account low-Reynolds-number effects
originating from the physical requirements. The model
quite successfully predicts both wall-turbulent and
homogeneous shear flows, the latter of which has been
very difficult to simulate with existing two-equation
turbulence models. Channel flows with injection and
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suction at wall surfaces, and separated and reattaching
flows downstream of a backward-facing step are also
calculated. Comparisons of the computational results
with the measurements indicate that the present model is
effective in calculating complex turbulent flows of
technological interest. Furthermore, the low-Reynolds-
number model functions are re-evaluated from the
computational results, yielding some insights into
further development of this kind of turbulence models.
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Table 1 Model functions and model constants.

fu

[ 1+(35/R™) exp{ — (R/ 30)*}][ 1- exp{— (n/26)*}]

fe

[ 1-0.3exp{- (R/ 6.5} [1-exp {— (n'/3.7)}]

f fo

1+ 5exp {— (n'/5)%} 1+ 4exp {- (n'/5)%}

Cu CD Csl CsZ Cs Cs Cn

0.12 0.8 1.45 1.9 1.4 1.4 5.0

[n =un/v,R=ky/ ve]
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Table 2 Computational conditions for back-step flows.
Casel Case 2 Case 3 Case 4 Case 5
Datetakers | Leetal.[19] Vogel and Eaton[20] Kasagi et a.[21] Eaton and Johnston[22]  Durst and Schmitt[23]
ER 12 1.25 15 1.67 2.0
Re, 5100 28000 5500 38000 100000
Ng % N, 389 x 145 325 x 125 303 x 125 341 x 111 359 x 125
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Table 3 Comparison of flow reattachment lengths, Xg/H.

Casel Case2 Case3d Cased Caseb
Prediction 5.9 6.4 6.6 8.1 8.7
Experiment | 6.0 6.7 6.5 8.0 8.4
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Fig. 6  Comparison with experiment in backward-
facing step flow (Case 3, Marks ; Experiment,
Lines; Prediction) : (a)Streamwise velocity ;
(b)Turbulent energy ; (c) Reynolds shear

stress.
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