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Wave-Current Friction in Rough Turbulent Flow
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Abstract [1The present paper considers the method to estimate the bottom friction driven by waves
and current on rough turbulent flow. Parameter adjusting technique is suggested for the computation
of bed shear stress driven by uni-directional flow, and the value of parameter is determined by
comparing the computational results against Bijker's laboratory data. For the computation of combi-
ned flow bottom shear stress, two methods are presented; one is the modified Bijker approach (BYO
Model) and the other is the modified Fredsoe approach (FY Model), both of which are refined
by the present writer. Both models are again refined in two aspects, and tested against the Bijker's

laboratory data.
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Fig. 1. Schematic diagram of velocity distribution of free
surface flow. (a) Keulegan assumption (b) real dist-
ribution.
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3. Bijker-Yoo-O’Connor Model
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Fig. 2. Comparison of current velocity reduction factor be-
tween numerical solution (Eq. 9) and explicit app-
roximation (Eq. 11) (a) 6=0.
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Fig. 3. Comparison of wave friction factor between Swart
Approximation (Eq. 10) [S], modified Jonsson Ap-
proach [JY] and modified Fredsoe model [FY]
with Eq. 17.
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Table 1. Bed shear stresses using various values for B parameter
d v H ke ic ine pgdic v pgdine <t>

No. m m/s m mm N/m
B- 2401 2594 2530 B- 2401 2594 2530
121 020 010 0036 240 039 064 | 0077 | 0078 0072 0074 | 0126 | 0136 0.128 0130
122 021 019 0036 330 145 190 | 0299 | 0320 0292 0301 | 0391 | 0430 0401 0410
124 035 021 0068 420 1.00 158 | 0343 | 0345 0317 0326 | 0542 | 0509 0477 0487
124 033 030 0066 400 204 273 | 0660 | 0.708 0651 0669 | 0884 | 0926 0866 0885
126 019 021 0022 380 224 266 | 0418 | 0439 0399 0412 | 0496 | 0491 0454 0466
101 019 022 0026 440 256 296 | 0477 | 0519 0471 0486 | 0552 | 0594 0547 0.562
101 020 021 0026 670 291 324 | 0571 | 0578 0519 0537 | 0636 | 0643 0587  0.605
102 021 024 0028 370 257 302 | 0529 | 0538 0492 0506 | 0622 | 0617 0571 0.586
103 032 021 0034 280 089 106 | 0279 | 0302 0279 0286 | 0333 | 0369 0346 0354
104 032 025 0038 280 1.34 1.56 | 0421 | 0427 0395 0405 | 0490 | 0513 0481 0491
105 036 024 0047 180 084 106 | 0297 | 0316 0295 0302 | 0374 | 0418 0396 0403
106 036 027 0044 200 1.17 140 | 0413 | 0417 0388 0397 | 0494 | 0514 0485 0494
114 031 025 0060 620 195 241 | 0593 | 0622 0566 0584 | 0733 | 0811 0584 0.771
115 0.35 014 0066 290 036 064 | 0124 { 0131 0121 0124 | 0220 | 0228 0215 0220
116 035 027 0066 420 160 218 | 0549 | 0571 0525 0539 | 0749 | 0764 0715 0730
Average error (%) 436 —419 —148 479 —219 003
Absolute average error (%) 4.36 419 263 5.85 439 397
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Table 2. Comparison of computed bed shear stress against Bijker's laboratory data (Wave period is 1.57 seconds for

all cases)
Laboratory conditions Measurement [F] (FY] [BYO]
No. d \" H ks Te Tw <t> <t> Tx <> T <t> T
m m/s m m N/m? N/m? N/m? | N/'m> N/m? | N/m?> N/m? | N/m? N/m?
121 0.20 0.10 0036 0024 | 0074 0258 0126 | 0102 0227 | 0.126 0923 0.130 1.540
122 0.21 0.19 0036  0.033 0.301 0275 0391 0334 0458 | 0372 1.127 410 1.628
124 035 0.21 0068 0042 | 0326 1961 0542 | 0488 1264 | 0521 3287 | 0487 2730
124 033 0.30 0066 0040 | 0.669 1.695 0884 | 0815 1413 | 0.873 3.197 0.885 3.086
126 0.19 021 0022 0038 0412 0091 0496 | 0424 0468 | 0433 0624 | 0466 0950
101 0.19 022 0026 0044 | 0486 0126 0.552 | 0503 0568 | 0.517 0.794 | 0.562 1.242
101 0.20 021 0026 0067 | 0537 0135 0636 | 0562 0652 | 0570 0864 | 0605 1240
102 0.2t 024 0028 0037 | 0506 0166 0622 | 0526 0599 | 0548 0933 | 0586  1.281
103 0.32 021 0034 0028 | 0286 0430 0333 0329 0498 | 0379 1.461 0354 0948
104 0.32 0.25 0038 0028 | 0405 0538 0490 | 0455 0646 | 0.503 1.547 0491 1.229
105 0.36 024 0047 0018 | 0302 0977 0374 | 0366 0628 | 0362 0982 | 0403 1383
106 0.36 027 0044 0020 | 0397 0856 0494 | 0457 0692 | 0462 1112 | 0494 1332
114 031 0.25 0060 0062 | 0584 128t 0733 | 0736 1371 | 0874 4712 | 0771 2766
115 035 0.14 0066 0029 | 0.124 1.848 0220 | 0237 0895 | 0226 1869 | 0220 2439
116 0.35 0.27 0066 0042 | 0.539 1.848 0749 | 0.700 1388 | 0754 3387 | 0730  2.766
Average error (%) —17.88 021 0.03
Absolute average error (%) 895 6.58 397
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