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ON THE TURBULENCE CHARACTERISTICS IN A FREE SURFACE
SHEAR FLOW IN TERMS OF A UNIVERSAL FUNCTION(2)

by Hirotake Imamoro, Tomio AsaNo, Taisuke Isnicak and Kunio ImanisHi

Synopsis

This paper describes an experimental investigation of the profiles of mean velocities
and some turbulence properties in a two-dimensional free surface shear flow. The exper -
iments were performed under the condition of greater aspect ratio than 10, to obtain the
two-dimensional flow in a rectangular open channel.

The experimental results show that the mean velocity profiles are well described by
the logarithmic distribution, and that the K4rman constant & and the integral constant
A,, 4, may be treated as constants which are independent of the Reynolds number, the
Froude number and the relative roughness height. However, the values of theses con-
stants in a free surface shear flow are somewhat different from these in a pipe flow,and
the following values may be recommended, that is#=0.33, A,;=2.2 and 4,/8.3.

According to the Reynolds number similarity, the turbulence properties are normalized
with the flow depth, the friction velocity and fhe local mean velocity. And the vertical
distribution of the normalized turbulence properties, such as, the turbulence intensity, the
Eulerian mean scale, the energy dissipation rate, the Taylor’s dissipation scale, the Kol-
mogorov’s lacal scale, the Lagrangian mean scale and the turbulent diffusion coefficient
are described by the universal function of the relative depth, respectively.
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Fig. 1. Examples of profiles of mean velocity and Reynolds stress.
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Fig.3(a). Examples of mean velocity profiles over a smooth bed.
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Fig.3(b). Examples of mean velocity profiles over a rough bed.
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Table 1. Universal functions of turbulence properties.
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FRRBCHANEERICBT 2 ZROKELMAR Table 2 D & 5 TH-T, BERY — AL BT
ZEHHIER Table 3~16 KRENTWE LENTH 5,

Table 2. Hydraulic conditions.

case | Hem) | B/H | (uee) | (cdhec) |cmisey| e F, | k/H

51 161 | 248 | 32| 199 [117x107 4.29x10 0.785 | smooth
s-2 244 | 164 | 40.8 | 245 [9.86x10% 1.01x10{ 0.834 | smooth
s-3 380 | 104 | 522 | 3.8 [117x1077 1.71x104 0.851 | smooth
S-4 178 | 225 | 615 | 351 |1.10x107 9.91x10 147 | smooth
S-5 1.62 24.7 67.8 3.98 |1.10x10% 9.96x103 1.70 smooth
S-6 1.49 26.8 66.1 3.82 |9.75x107% 1. 01x104 1.73 smooth
S-7 1.45 27.6 75.8 4.48 |1.10x107% 9.99x10% 2.01 smooth
-8 0.85 | 482 | 661 | 404 [110x10% 502x105 231 | smooth
-9 129 | 3.0 | 8.0 | 503 [110x107 1.00x104 239 | smooth
§-10 200 | 200 | 10.7 | 626 [1.10x107 2.01x104 2.50 | smooth
R-1 386 | 104 | 522 | 688 [114x107 1.77x10{ 0.849 | 0.396

R-2 3.97 10.1 54.9 4.21 |1.16x107% 1.88x104 0.880 0. 0496
R-3 391 | 10.2 | 551 | 449 |L15x107% 1.87x104 0.890 | 0.0716
R-4 3.87 10.3 62.0 5.62 |1.15x107% 2.09x104 1.01 0. 194

U,=Q/BH (Q : discharge), R,=U,H/v, F,=U,//gH
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Table 3. Turbulence properties in case S-1.

z/H |U(em/sec) |u'(cm/sec) | Tg(sec) |e(cm?/sec’)| 2(cm) I (cm) | Tp(sec) (D(cm?/sec)
0. 900 38. 16 2.00 0. 0958 2.66 0.514 0. 0279 0. 823 3.29
0. 800 37.51 2.23 0.0750 4.13 0. 460 0. 0250 0. 568 2.82
0. 700 36.27 2.17 0.0948 5.10 0. 403 0.0237 0.713 3.35
0. 600 35.47 2.39 0. 0896 7.84 0. 358 0.0213 0. 598 3.42
0. 500 33.36 2.60 0.0813 9. 65 0. 351 0. 0202 0. 469 3.17
0. 400 31.47 3.00 0. 0938 13.3 0. 345 0.0186 0. 443 3.99
0. 300 31.20 3.23 0.0917 15.6 0. 343 0.0179 0. 399 4. 16
0. 200 27.33 37 0. 106 27.8 0. 294 0.0155 0. 352 4. 82
0. 150 26. 86 4.10 0.0979 33.7 0.296 0.0148 0. 289 4.85
Table 4. Turbulence properties in case S-2.
2/H |U(cm/sec) |4’ (cm/sec) | Te(sec) |e(cm?/secd)| 2(cm) ! (cm) | T (sec) [D(cm?/sec)
0.963 50. 12 2.40 0.103 4.87 0.418 0.0211 0.963 5.55
0.922 52.99 2.42 0.110 4. 80 0.425 0.0211 1.08 6.35
0. 881 54,10 2.45 0. 105 5.60 0.398 0.0203 1.04 6.26
0.799 52.96 2.51 0. 105 5.93 0. 396 0. 0201 0. 997 6.28
0. 553 49.20 3.43 0. 101 14.7 0.344 0. 0160 0. 654 7.69
0.471 48.17 3.72 0. 103 16.5 0.352 0.0155 0. 601 8.31
0.389 46.48 3.50 0.108 19.0 0. 309 0.0150 0. 646 7.91
0.348 43.54 3.65 0. 100 18.2 0. 329 0. 0151 0. 688 9.16
0. 307 41.20 3.65 0.128 22.5 0. 296 0.0144 0. 651 8.67
0. 266 39.54 3.61 0.118 21.4 0.300 0.0145 0.579 7.55
0.225 38.55 3.72 0.119 30.6 0. 259 0.0133 0. 554 7.67
0. 184 39.88 3.78 0. 106 37.4 0.238 0.0127 0. 505 7.21
0. 143 38.47 4,25 0. 106 41.9 0.253 0.0123 0.433 7.82
0.123 38.29 4,03 0. 102 44.8 0.232 0.0121 0. 436 7.08
0.102 37.41 4.22 0.0919 52.9 0.223 0.0116 0.367 6.53
Table 5. Turbulence properties in case S-3.

z/H |Ulcm/sec) ju'(cm/sec) | Te(sec) |e(cm?/sec®)| 2(cm) ! (cm) | Tp(sec) |D(cm?/sec)
0. 900 68. 41 3.67 0.138 7.12 0.581 0.0220 1.16 15.6
0. 800 66.93 3.87 0.128 8.92 0. 547 0.0208 0. 996 14.9
0.700 64. 56 4.12 0.134 10.1 0. 547 0. 0202 0.945 16.0
0. 600 62.12 421 0. 130 12.7 0. 499 0.0191 0. 863 15.3
0. 500 58.81 4,89 0.121 18.8 0. 476 0.0173 0. 655 15.7
0. 400 58. 84 4,91 0. 106 19.6 0. 468 0.0171 0.572 13.8
0. 300 55.53 5.70 0.125 23.2 0. 500 0.0164 0.548 17.8
0. 200 50. 80 5.82 0.129 36.0 0.410 0.0147 0.507 17.2
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Table 6. Turbulence properties in case S-4.
z/H | U(cm/sec) |u (cm/sec)| Tg(sec) |e(cm?/sec?)| A(cm) ] (cm) | Tr(sec) |D(cm?/sec)
0.901 71.32 3.60 | 0.0531 14.8 0.380 | 0.0173 0.473 6.13
0.817 70. 54 3,77 | 0.0495 32.1 0.270 | 0.0143 0.417 5.92
0.732 69. 69 4,02 | 0.0651 31.9 0.289 | 0.0143 0. 508 8.20
0.648 68.70 4.35 0. 0563 46.6 0.259 0.0130 0. 401 7.57
0. 563 65.78 4,68 | 0.0469 57.1 0.252 | 0.0124 0.297 6.50
0.394 63.18 5.93 | 0.0635 72.6 0.283 0.0116 0.304 10.7
0.310 59. 64 5.88 | 0.0521 105 0.233 | 0.0106 0.238 8.22
0.225 56. 44 6.29 0.0531 142 0.215 0. 00982 0.214 8.48
0. 169 52.74 6.23 | 0.0469 184 0. 187 0.00921 0.179 6.94
0.113 48. 66 6.98 | 0.0511 271 0.172 | 0.00837 | 0.160 7.81

Table 7. Turbulence properties in case S-5.

z/H |Ulcm/sec)|u'(cm/sec) | Tx(sec) |e(cm?/secd)| A(cm) ! (cm) | T.(sec) (cm?/sec)
0. 867 82.47 4,27 | 0.0405 22.9 0.363 0.0155 0.352 6.42
0.774 80. 89 4.39 0.0412 41. 4 0.277 0.0134 0.342 6.58
0. 681 79. 52 4.81 0. 0506 70.4 0.233 0.0117 0.377 8.71
0.619 77.27 5.31 0. 0469 78.1 0.244 0.0114 0. 307 8. 66
0. 557 75.58 5.20 0.0412 86.5 0.227 0.0111 0. 270 7.29
0.433 73.03 5.90 0. 0500 110 0.229 0.0105 0.279 9.70
0.371 74.42 6.47 | 0.0500 135 0.226 | 0.00995 | 0.259 10. 8
0.310 68. 40 6.33 | 0.0546 172 0. 196 0.00937 | 0.266 10.6
0.248 66.25 7.25 0.0538 231 0.194 | 0.00869 0.221 11.6

Table 8. Turbulence properties in case S-6.

z/H Ulem/sec)|u’ (cm/sec)l Te(sec) |e(cm?/sec®)) i(cm) ] 1 (cm) ’ T (sec) [D (cm?/sec)
0.899 78.71 3.50 | 0.0500 28.6 0.250 | 0.0134 0. 506 6.20
0.832 76. 43 3.65 0. 0581 43.1 0.212 | 0.0121 0.548 7.30
0.698 80. 22 4.73 0.0575 78.9 0.203 0.0104 0. 439 9.82
0.631 75. 56 4.90 0. 0500 82.5 0. 206 0.0103 0.347 8.33
0. 564 70. 37 4.82 | 0.0550 94.6 0. 189 0.00992 | 0.361 8.39
0.497 69.35 5.03 | 0.0563 65.5 0.237 | 0.0109 0. 349 8.83
0.430 68. 49 5.12 0.0488 110 0. 187 0. 00955 0.294 7.69
0.362 66.71 5.61 0.0531 143 0.179 0.00894 | 0.284 8.95
0. 295 66. 30 6.23 | 0.0500 165 0.185 0. 00861 0.239 9.29
0. 161 60. 86 6.23 0.0438 257 0. 149 0.00769 0.192 7. 46
0. 148 60. 53 6.44 0.0538 253 0.155 0.00775 0.227 9.43
0. 134 61.61 7.08 0.0513 306 0.155 0. 00740 0. 201 10.1
0.121 63.78 7.00 0. 0550 351 0.143 0.00714 0.226 11.1
0. 107 61.13 7.04 0. 0500 251 0.170 0.00775 0. 195 9.68
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Table 9. Turbulence properties in case S-7.
z/H | Ul(cm/sec)|u (cm/sec)| Tg(sec) le(cm?/sec®)| 2A(cm) ! (cm) | Tp(sec) |D(cm?/sec)
0.828 92.37 4,67 | 0.0313 45.5 0. 281 0.0131 0.279 6.07
0.759 91.30 4.32 | 0.0344 52.6 0.242 | 0.0126 0.327 6. 11
0. 690 90. 29 4.51 0. 0406 66.8 0.224 0.0119 0. 366 7.44
0. 552 87.00 5.38 | 0.0331 126 0.172 | 0.0101 0.241 6.97
0.345 80. 48 6.00 | 0.0406 172 0.186 | 0.00937 | 0.245 8.82
0.276 78.78 6.85 0.0375 223 0. 186 0. 00876 0. 194 9.11
0. 207 73.00 6.91 0.039%4 371 0. 146 0.00769 0. 187 8.95
0.138 70. 28 7.97 | 0.0406 468 0.150 | 0.00727 | 0.161 10.2
Table 10. Turbulence properties in case S-8.
z/H |U(cm/sec)|u' (cm/sec)| Tg(sec) |e(cm?/sec’)| A(cm) / (cm) | Tp(sec) |D(cm?/sec)
0.840 76.82 3.73 | 0.0288 47.5 0.220 | 0.0129 | 0.267 3.7
0.720 74. 55 4,23 | 0.0281 78.3 0.194 | 0.0114 | 0.223 3.99
0. 600 71.83 4.7 0.0281 117 0.177 0.0103 0.193 4.28
0. 360 65.89 6.01 0.0244 283 0.145 | 0.00824 | 0.120 4.35
0. 240 60. 48 6. 89 0.0234 311 0. 159 0.00805 | 0.0925 4.39
0.120 51,39 7.86 0. 0281 692 0.121 0.00660 | 0.0827 5.11
Table 11. Turbulence properties in case S-9.
z/H | U(cm/sec)|u’ (cm/sec) ’ Tg(sec) |e(cm?/sec?)] A(cm) l Z (cm) I T, (sec) ID(cmz/sec)
0. 851 108. 23 5.49 | 0.0250 84.4 0.243 | 0.0112 0.222 6.69
0.773 107. 16 5.14 | 0.0313 116 0.194 | 0.0103 0.29%4 7.76
0. 696 104. 89 5.97 0.0313 105 0.237 0. 0106 0. 248 8.82
0.619 101.97 6.19 0.0313 135 0.216 0. 00996 0.232 8.89
0. 541 99. 42 6.76 0.0313 182 0. 203 0.00921 0. 207 9.47
0. 464 98. 05 6.85 | 0.0281 281 0.166 | 0.00828 | 0.181 8.49
0. 387 95. 28 7.34 | 0.0303 338 0.162 | 0.00790} 0.177 9.53
0. 309 91.53 7.83 0. 0335 376 0. 164 0. 00769 0.176 6.33
0.232 87. 81 8.48 0.0345 395 0.173 0. 00758 0. 161 6.69
0. 155 82.83 8.56 0. 0303 648 0. 137 0. 00669 0.132 9. 67
Table 12. Turbulence properties in case S-10.

z/H |U(cm/sec)|u (cm/sec)| Tr(sec) |e(cm?/sec?)| 2(cm) 1 (cm) | Tp(sec) D(cm?/sec)
0.851 142,36 7.55 | 0.0344 77.8 0.348 | 0.0115 0.292 16.6
0. 650 136. 08 8. 11 0. 0368 164 0.258 0. 00949 0.278 18.3
0.350 125.23 10.94 | 0.0334 483 0.202 | 0.00721 0.172 20.6
0. 250 117.83 12.23 | 0.0326 596 0.204 | 0.00685 0. 141 21.1
0. 150 106. 98 12,71 | 0.0307 970 0.166 | 0.00601 0.116 18.8
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Table 13. Turbulence properties in case R-1.
z/H |U(em/sec) |w (cm/sec) | Tr(sec) |e(cm?/sec’)] 2(cm) I (cm) | T (sec) |D(cm?/sec)
0.915 69.29 5.78 | 0.0698 55.7 0.320 | 0.0128 0.377 12.6
0.832 67.35 5.90 | 0.0604 65.8 0.301 0.0123 0.310 10.8
0. 746 65. 05 6.57 | 0.0646 74.4 0.315 | 0.0119 0.288 12.4
0. 661 64. 58 6.74 | 0.0688 95.9 0.285 | 0.0111 0.297 13.5
0.492 55.76 7.93 0. 0646 141 0.276 0.0101 0. 204 12.9
0. 401 52.09 8.29 0. 0667 185 0.252 0. 00946 0.189 13.0
0.321 48.12 7.80 | 0.0583 212 0.222 | 0.00915| 0.162 9.84
0.238 42.40 8.10 | 0.0646 263 0.207 | 0.00865 0.152 9.99

Table 14. Turbulence properties in case R-2.
z/H | Ulcm/sec) |« (cm/sec)| Tg(sec) |e(cm?/sec®)| A{cm) I (cm) | Ty(sec) |D(cm?/sec)
0.902 73.39 4,15 0.0948 14.6 0.453 0.0181 0. 754 13.0
0. 804 71.21 4.58 | 0.0875 19.1 0.437 | 0.0169 0. 612 12.8
0.703 71.42 4,90 | 0.100 22.9 0.427 | 0.0161 0. 656 15.8
0. 605 67.47 5.68 | 0.102 32.8 0.413 | 0.0148 0. 545 17.6
0. 506 62.31 6. 10 0. 102 38.9 0. 408 0.0141 0. 469 17.5
0. 408 60.15 6.59 0. 0917 51.5 0.383 0.0132 0.377 16.4
0.310 55.20 6.90 | 0.121 59.9 0.372 | 0.0127 0.436 20.7
0.210 48.89 7.16 | 0.0833 84.2 0.325 | 0.0117 0. 256 13.1
0. 111 44.57 7.80 | 0.106 170 0.249 | 0.00977 | 0.273 16.6

Table 15. Turbulence properties in case R-3.
2/H | U(cm/sec)|u’ (cm/sec) | Tg(sec) |e(cm?/ sec®)| 2(cm) [ (cm) | Tr(sec) |D(cm?/sec)
0. 903 73.84 4.08 0.0958 17.3 0. 408 0.0173 0.780 13.0
0. 804 71.59 4.74 | 0.110 20.5 0.435 | 0.0165 0.748 16.8
0.706 67.19 5.54 | 0.0979 31.4 0.411 0.0149 0.534 16.4
0. 606 66. 61 5.63 | 0.106 34.1 0. 401 0.0146 0. 564 17.9
0. 509 62.22 6.66 | 0.0927 45.0 0.413 | 0.0136 0.390 17.3
0.412 59.74 6.70 | 0.0833 60.3 0.359 0.0126 0.334 15.0
0.312 56.39 6.88 | 0.0854 70.9 0.340 | 0.0121 0.315 14.9
0.215 50. 55 8.03 0.108 108 0.321 0. 0109 0. 306 19.7
0.115 42.64 8.98 | 0.0896 186 0.274 | 0.00952| 0.192 15.4
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Table 16. Turbulence properties in case R-4.

z/H |U(cm/sec)|u’ (cm/sec) | Tg(sec) |e(cm?/sec?)| 2(cm) I (em) | Ty(sec) |D(cm?/sec)
0. 907 78.02 5.46 0.0729 35.9 0.378 0.0143 0.469 14.0
0.817 75. 42 5.80 | 0.0698 38.3 0.388 | 0.0141 0.408 13.7
0.724 76. 10 6.48 | 0.0854 44.1 0.404 | 0.0136 0.451 19.0
0. 630 72.58 6.83 | 0.0781 58.6 0.370 | 0.0127 0.374 17.4
0. 540 69. 47 7.32 0. 0760 77.6 0.344 0.0118 0.325 17.4
0. 447 66. 84 7.35 0. 0802 96.2 0.311 0.0112 0.328 17.7
0.354 60. 69 8.18 | 0.0729 120 0.310 | 0.0106 0.243 16.3
0.261 52.22 8.40 0.0781 166 0.270 0.00974 0.219 15.4
0.171 48.81 9.66 | 0.0792 253 0.252 | 0.00876 | 0.180 16.8




