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Three-Dimensional Numerical Analysis of Surface
Buoyant Jets
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Abstract JA three-dimensional numerical model with free water surface was established to investigate
flow characteristics of surface buoyant jets and river plumes. Turbulent shear stresses and turbulent
buoyancy fluxes were expressed in terms of the eddy viscosities and diffusivities. Stable stratification
effects due to density difference between discharged water and receiving ambient water were taken
into with empirical formulae. Through a comparison of numerical results with published experimental
data the validity of the model was shown and the optimal stratification functions was determined.
The three-dimensional spreading characteristics were examined and the effects of inlet densimetric
Froude number, inlet aspect ratio and water surface elevation on the flow development were discussed.
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Fig. 1. Coordinate system and boundaries.
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Table 1. Eddy coefficients for numerical calculations

Turbulent Schmidt

Run  Eddy viscosities
numbers

MM  Munk and Andersion’s Munk and Anderson’s

WM  Webb's Munk and Anderson’s

WK Webb's Kondo, Kanechika and
Yasuda's

WM-1 Run WM with &X0.1 Munk and Anderson’s

WM-2 Run WM with gX00l Munk and Anderson’s
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Fig. 2. Longitudinal decays of surface velocity for various
eddy viscosities and diffusivities.
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Fig. 3. Longitudinal decays of surface density deficit for
various eddy viscosities and diffusivities.
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Table 2. Conditions of numerical experiment

Discharge densimetric Aspect Ratio

Run Froude number Fd, 2B./H, Remarks
1 5.35(8.0) 50 )
2 3.35(5.0) 50 )
3 1.34Q2.0) 50 )
4 1.00(1.5) 50 )
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6 535 20 (i)
7 5.35 100 Gi)
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Fig. 9. Longitudinal decays of surface density.

LR RS T RS U.®) 1723 ke
A EBE wbelc)h SEAEET-S el M
e dodt whetbd, FETH i HHE2A
rhldEif RSl Bgo] REkige] & fHiEolA Ao

Uz glee o 4 slok

4.3 HAE#FE Froude B U Fitkite) B

KB el HE U+ VYUY EfEE 2
Flgol XY BERZE Ap/Ap.S 10%7cte] &
{E##-2 Fig. 7o Jehiic) o5 28 o 2 X, Fd,9
el AETE O HERS AR AL o $
et fEE2 Fd,=1.349 FERES] S 7}
2 e, Hioke kifn2 8y ke z H
A3 slek EFigel alelM e KEFRSY HAd &
B3, ¥k 2 Fd,o A$ol M= B



160 FOE
Dinelli & Parini © i ——
Wiuff L] I’ L

12 {Lal & Rajanatnam & / L~
Stolzenbach & ° H /,/
Harl -3
Bav/Lst 4on eta:l?mn v ,’l Ve ‘
Cal. Results ] va
gl Fdoss.3 ! o
Fdo=3,35 —-— /) . A88 -7
Fdo=1.34 —--=/ /o
|- Fdo=1.00 =—--=10°
Fdo=0.80 —---,-,/ e
4 2 4 p
L/
Y
I v
{ Y 9 veELociTY
0 n ¢ L L L N L
0 2 4
6 8 xss 10

Fig. 10. Longitudinal variation of lateral half-widths.
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Fig. 12. Calculated water surface elevation(Fd,=4.25, 2B,
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