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A Three-Dimensional Turbulence Model for the Thermal
Discharge into Cross-Flow Field
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Abstract (] For an accurate prediction of the temperature field induced by surface discharge of heated
water into an ambient cross-flow field, a three-dimensional near-field numerical model using k-g
turbulence clousure is developed. Rather restricted as it is, the numerical results of the model agree
well with the experimental data. The developed model simulates quite adequately the stratification,
gravitational lateral spreading, and upward entrainment of thermal jet, which cannot be simulated
by a depth-integrated two-dimensional numerical model, as well as the interaction with cross-flow.
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Fig. 1. Staggered finite difference grid system for 3D tur-
bulence model.
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Fig. 2. Jet flow and outfall configuration.
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Fig. 4. Trajectories of free deflected buoyant jet in a cross-
flow in comparison to trajectory laws for non-buo-

yant jets.
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Fig. 5. Trajectories of free deflected buoyant jet in a cross-
flow in comparison to trajectory laws for non-buo-

yant jets.
Table 1. Test run conditions for model simulation
Run uo(m/s) va(m/s) R To(C) Ta(C) Fd
1 9.80 1.0 9.80 275 135 2598
2 9.80 2.0 490 215 135 2598
3 9.80 40 245 215 135 2598
R=uo/vaolx, Fdv #2229 542 vehlls #A92 Densimetric Froude o]t}
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Fig. 6. Alternating scaling of free deflected jet trajectories.
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Fig. 7. Plan view of velocity field. (Crossflow: 1.0 m/sec
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Fig. 8. Plan view of velocity field. (Crossflow: 1.0 m/sec
5.5 m below the free surface)
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Fig. 9. Plan view of velocity field. (Crossflow: 2.0 m/sec
25 m below the free surface)
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Fig. 12. Plan view of excess temperature field. (Crossflow:

1 m/sec 25 m below the free surface)

7 VFig. 14. Plan view of excess temperature field. (Crossflow:

2 m/sec 2.5 m below the free surface)

Fig.‘ 13. Plan view of excess temperature field. (Crossflow:

1 m/sec 5.5 m below the free surface)
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