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Abstract: Eighteen experimental cases for the buoyant plume were conducted in linearly stratified
saltwater. The particle image velocimetry (PIV) technique was used to acquire flow fields of plumes in
high spatial and temporal resolutions. A new formula for maximum transported mass of buoyant plumes in
stratified fluids was proposed. The process for entrainment and mass transport of plumes were analyzed
quantitatively. Results show that the entrainment coefficient a. increases gradually along the jetting
direction from the source, fluctuates at 0.11 from 0.3 Z,.« to 0.5Z,.« (Z,.x is the maximum penetration
distance) and then decreases gradually to negative. The buoyant plume which entrains ambient fluids from
the plume stem is transported to — Z,., along the jetting direction and its vertical mass flux reaches the
maximum at about —0. 65Z,... The mixed plume finally spreads to surroundings at the neutral buoyancy
layer. The maximum transported mass is determined by the buoyancy flux, the buoyancy frequency and

the environment density at the same level. The calculation error due to pseudo turbulence caused by
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variations of the refractive index within the stratified fluid is about 3% , so the influence of refractive index

is negligible.

Key words: buoyant plume; linear stratification; particle image velocimetry (PIV); maximum transported

mass; pseudo turbulence
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Fig. 2 The initial image collected by PIV (Case 10)
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Tab.1 Experimental parameters

T N/s7t po/(kg+m®) Q/(em® «s™1) B/(em! +s%) d/cm

1 0.90 1019 3.12 56.0 0.5
2 0. 64 1026 3.09 81.6 0.5
3 0.88 1026 3.23 81.7 0.5
4 0.90 1026 3.26 80. 4 0.5
5 0.82 1026 3.43 80. 1 0.5
6 0.66 1006 3.24 20.4 0.7
7 0.65 1011 3.08 35.4 0.7
8 0. 63 1011 3.30 37.6 0.7
9 0. 87 1011 3.30 17.1 0.7
10 0.57 1019 2.55 46.0 0.7
11 0. 88 1019 3.09 55.5 0.7
12 0. 66 1019 3.25 20.2 0.7
13 0.63 1019 3.39 63.0 0.7
14 0.55 1019 3.90 67.5 0.7
15 0. 65 1026 1.15 27.6 0.7
16 0. 66 1026 3. 06 80.5 0.7
17 0.91 1026 3.25 82.6 0.7
18 0.64 1026 3.42 90.0 0.7
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(Case 10)
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Tab.2 Results of Gaussian fitting for mean vertical velocity

component at each level (Case 10)

z/em Wa/(emes ') x,/mm b/mm AR
—0.85 —1.46 0.50 4. 35 6.20X10°7
—1.70 —3.69 0.92 4.75 2.69X10 6
—2.55 —5.84 1.01 5.56 3.27X10°6
—3.40 —5.78 1.11 6.65 2.17X10°6
—4.25 —5.38 1. 20 7.95 6.83X10 6
—5.10 —4.77 1. 26 9. 04 2.17X10°°
—5.95 —3.96 1. 36 9.90 5.38X10°°
—6.80 —3.93 1.42 10.2 4,98X10°
—7.65 —3.62 1.20 10. 3 6.98X10°
—8.50 —2.87 1. 60 10. 2 6.89X10°°
—9.35 —1.40 1.70 7.56 1.28X10°
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Tab.3 Parameters with linear correlation for M,

BYAN 94/ Myaps "/ BYAN“1/  Muap, '/
TR TR
(Cmd‘Sil) (Cmg'sil) (Cm‘i‘Sil) (me,sfl)
1 23.3 7.7 10 36.1 10.2
2 47.3 10. 5 11 24.0 6.1
3 32.0 10. 2 12 15.9 6.9
4 29.3 7.3 13 40.0 14.2
5 34.4 7.5 14 49.9 14.0
6 16.2 4.9 15 20.5 8.1
7 24.8 11.0 16 45.4 9.5
8 27.0 9.1 17 31.0 6.9
9 9.99 3.9 18 50. 9 13.1
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