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Objective: Using a water injection system with counter and
transverse jets against the flow passing over an ogee spillway after a
sudden expansion reduces pressure fluctuations and turbulence along
the channel, resulting in flow uniformity and consequently
controlling asymmetric jumps.

Material and Methods: In this research, the hydrodynamic flow
parameters in a channel were investigated using a combination of a
transverse jet at angles of 30, 45, and 90 degrees at two heights of 35
and 45 cm from the channel bed, and the simultaneous use of a
counter jet with 5 fixed jets and a total discharge of 4 liters per
second, with three Froude numbers of 4.7, 7.8, and 9.5.

Results and Discussion: The jet injection time, the BL parameter (a
parameter similar to the Boussinesq coefficient in the momentum
equation) in the S jump exhibits less turbulence and dispersion
compared to the T jump, indicating that the use of a transverse jet
injection system can act as a flow dissipater, leading to flow
uniformity. It also causes a significant reduction in the flow
momentum (BL. Vm?) at the sudden expansion section from the
beginning to the end of the channel.

Conclusions: The use of a transverse and counter jet system with
varying angles can significantly reduce turbulence and channel
erosion, control asymmetric hydraulic jumps, and uniformize the
flow velocity distribution along the channel.
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T-Jump (b) S-Jump @) Fr=7.4 gl fL. V2, s fL 3 iliso Zblio j0 mdg0 yuuw e g (§ S 03101 Y Jgu>
Fr X 10 20 30 40 50 60 70 80 90 BL | BLvm’

0 3.4 3.646 3.362 3.354 3.14 3.302 0.711 0.302 0.3 2.39078 | 1.3385 [ 76506
0.25 -0.292 3.119 3.056 2.036 1.024 1.035 1.431 | -0.049 | -0.291 |1.22989| 1.9986 | 30231
0.5 0.017 3.069 3.049 1.94 1.849 1.723 0.056 -0.31 -0.333 [1.22889| 2.1089 | 31847
0.75 0.03 2.113 1.469 1.849 0.799 0.177 | -0.298 | -0.359 | -0.362 [ 0.602 | 3.1774 [ 11515

1 0.567 1.908 2.334 2.069 0.404 | -0.279 | -0.266 | -0.323 -0.37 |[0.67156| 3.3171 | 14960
1.25 2.097 2.151 1.876 0.885 0.089 | -0.091 | -0.252 [ -0.411 | -0.429 [0.65722| 3.3209 | 14344
1.5 2.226 2.169 1.52 0.32 0.048 | -0.153 | -0.327 [ -0.449 | -0.482 [0.54133| 4.3644 | 12789
7.4-S 1.75 1.938 1.921 1.333 0.269 0.051 | -0.174 | -0.369 -0.46 -0.541 [0.44089( 4.9314 9586
2 1.808 1.543 0.859 0.284 0.107 | -0.177 -0.45 -0.553 [ -0.528 |[0.32144]| 6.0878 6290
2.5 2.057 1.924 1.72 0.721 0.225 | -0.051 | -0.335 | -0.405 | -0.657 [0.57767| 3.5799 | 11946
3 2.222 2.105 1.739 1.02 0.443 0.452 0.084 | -0.301 | -0.484 [0.80889 | 2.2952 | 15017
4 1.171 1.057 0.891 0.583 0.2 0.034 [ -0.306 | -0.435 -0.45 0.305 | 3.7959 3531
6
8

1.444 0.986 1.02 0.812 0.343 | -0.071 | -0.158 | -0.332 | -0.365 |0.40878 [ 3.0596 5113
0.679 0.6 0.467 0.474 0.274 0.241 [ -0.153 | -0.121 | -0.254 [0.24522( 2.3917 1438

10 0.48 | 0475 | 0265 | 0364 | 0308 | 0164 | 021 [ 0144 | 0.05 [0.27333] 1.2609 | 942
Fr x 10 20 30 40 50 60 70 80 90 BL | BLvim>
0 0.9 | 1.039 | 1.447 | 1209 | 1546 | 0823 | 0834 | 0868 | 08 [1.05178] 1.0648 [ 11779

0.25 -0.423 1.615 1.441 1.358 1.137 1.145 0.297 | -0.259 | -0.285 [0.66956 | 2.2043 9882
0.5 -0.305 0.178 1.295 1.091 0.951 0.559 [ -0.235 | -0.371 | -0.425 | 0.30422| 4.3812 4055
0.75 0.209 0.522 1.085 0.769 0.348 0.123 [ -0.243 | -0.476 | -0.433 | 0.21156| 4.3393 1942
1 0.385 0.493 0.741 0.707 0.352 [ -0.251 | -0.286 | -0.464 | -0.665 [0.11244| 6.6945 846
1.25 0.236 0.354 0.372 0.512 0.081 [ -0.271 | -0.268 | -0.605 0.66 0.119 [ 4.0205 569
1.5 0.431 0.525 0.447 0.275 0.223 0.03 -0.183 | -0.312 | -0.424 [0.11244| 4.1904 530
7.4-T 1.75 0.277 0.305 0.297 0.205 0.188 [ -0.076 -0.21 -0.302 | -0.333 0.039 [ 6.0898 93
2 0.424 0.423 0.379 0.244 0.122 0.053 -0.17 -0.149 | -0.178 [0.12756| 3.3926 552
2.5 0.594 0.439 0.342 0.144 0.165 0.03 0.011 0.019 0.073 [0.20189| 1.9551 797
3 0.553 0.481 0.356 0.341 0.331 0.199 0.056 0.039 0.043 [0.26656| 1.4635 1040
4 0.455 0.36 0.281 0.278 0.16 0.154 0.196 0.083 0.069 [0.22622| 1.2859 658
6
8

0.304 0.363 0.354 0.282 0.226 0.211 0.149 0.263 0.194 [0.26067 | 1.0689 726
0.318 0.328 0.291 0.296 0.284 0.209 0.189 0.211 0.251 [0.26411| 1.0331 721
10 0.264 0.272 0.291 0.281 0.297 0.244 0.221 0.254 0.212 [0.25956| 1.0116 682
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S 3

3 =

;f:j’ “E-’ Fr=7.4 Fr=8.7 Fr=9.5 Fr=7.4 Fr=8.7 Fr=9.5

Lg) f -‘DE B, Buvh B Buvh B Buve B Buve B Buvh B BLvh
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