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Prediction of Turbulent Flow in a Square Duct
with Nonlinear it —e¢ Models
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Abstract

Two nonlinear k—e models with the wall function method are applied to the fully developed
turbulent flow in a square duct. Typical predicted quantities such as axial and secondary velocities,
turbulent kinetic energy and Reynolds stresses are compared in details both qualitatively and
quantitatively with each other. A nonlinear k—e¢ model with the wall function method capable of
predicting accurately duct flows involving turbulence-driven secondary motion is presented in the
present paper. The nonlinear £ —e model adopted in a commercial code is found to be unable to
predict accurately duct flows with the prediction level of secondary flows one order less than that of
the experiment.
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Fig. 1 Schematic diagram and coordinate
system.
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Fig. 2 Local wall shear stress
distributions  for  fully-developed

flow in a square duct.
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(a) MK model (b) SZL model

Fig. 3  Contours of axial velocity U/U,
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Fig. 4 Contours of axial velocity U/U, and
turbulent kinetic energy k/U2 (x 10°)
by linear model.
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(a) MK model (b) SZL model

Fig. 5 Secondary flow vectors.
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(a) MK model

(b) SZL model
Contours of turbulent shear stress

— w/UZ (x 103).
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(a) MK model (b) SZL model

Fig. 7 Contours of turbulent kinetic energy
k/UE (x 10°).

(a) MK model

(b) SZL model

Fig. 8 Contours of turbulent normal stress

w?/U? (x 103).
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(a) MK model
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Fig. 9 Contours of secondary turbulent normal

stress v_z/Ub2 (x 103).
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(a) MK model (b) SZL model

Fig. 10 Anisotropy between turbulent normal

stress components (w_2—52) JU? (x 107

(a) MK model

(b) SZL model
Fig. 11 Contours of turbulent shear stress
— vw/U? (x 10°).
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