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BED-LOAD TRANSPORT INFLUENCED BY TRANSPIRATION THROUGH
A BOTTOM OF FLUVIAL OPEN-CHANNEL

f b IEE* i AR E - I R
By Shogo MURAKAMI, Tetsuro TSUJIMOTO and Hiroji NAKAGAWA

Bed-load transport is often influenced by transpiration (suction or injection) through
a boundary of a stream. In this study, the effect of transpiration through a bottom of a

fluvial open-channel on the velocity distribution and bed-load transport are investigated
both theoretically and experimentally. Bed-load transport is represented as a combina-
tion of pick-up rate and step length, and they are affected indirectly by distorted veloc-

ity distribution and directly by seepage effect. Particularly, the pick-up rate is severe-
ly affected by the transpiration. The indirect effect promotes bed-load transport on
suction; while the direct one promotes it on injection. Under ordinary conditions for
sand and gravels, the injection through a bed promotes bed-load transport; but the

transport of materials with large specific weight is suppressed by the injection. Such

effects are theoretically predicted and experimentally certificated.
Keywords : bed-load transport, fluvial hydraulics, transpiration through a bottom, suc-
tion and injection, velocily distribution,. bi-log law
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Fig.2 Velocity profile of bilogarithmic law.
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Fig.3 Change of flow resistance due to transpiration velocity.
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Table 1
Measurement of pick-up rate.

Experimental conditions,
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8 | 1/300] 5.11 | 39.9 | 0:553 | 2.00.|-0.346 | 3.70 [ -0.094 | s5.16 | 50.3
9 {1730 s35] 37.3 Jois1s| 22007 0.384 | z.85 | 0.135 | 3.56 | 38.8
10 | 17300 | 553 | 361 § 0490 | 2.00 | 0.552 | 2.79 | 0.198 | 2.93 | 37.9
11 {1500 | s.22 | 35.6 { 0.a98 | 186 ] 0.0 | 3.23 | 0.0 IBEN RER]
12 §as500 | 507 ] 383 [orsas | 1.94 J-0.737 | 4.99 | -0.140 | 11,30 | 67.9
13 [ asso0| 452 | 39.4 | oiso1 | 1.78 f-0.100 | 5.97 | -0.169 | 16.00 | 81.2
14 ) 1/500 | 5.37 | 36.4 | 0502 | 1.95 ] 0.126 | 2.69 { 0.047 | 3.29 | 36.6
15 | 1/s00 | 465 | 422 f ot62s | 1.96 § 0.292 | 2.19 | 0.133 | 2.18 | 29.8
16 {17300 | 4.06 | 3406 { 0548 | 1.40 | 0.0 | 3.20 | 0.0 466 | 4308
17 [ 17300 | 406 | 33.8 | oi36 | 1.37 Jlo.117 | 3.50 ] -0.033 | 5.57 {47.¢
18 | t/300 | 3040 [ 349 | 0.564 | 1.36 |-0.306 | 3.95 | -0.027 ] 7.11 ]s3.7
19 | 17300 | 3083 | 348 | 0568 | 1.33] 0.336 | 2.12 | 0.160 | 2.0¢ | 28.8
20 | 1300 3078 | 3409 [osr3 | 133 03] 2.1 ] 0135 | 2.0 |14
(b) Measurement of step length
RUN | 4y h Up fr Re | v u, v t | Re,
(em) | {com/s) {x10 ) {em/s) | (cm/s) (x10
1 | 1300 ] 385 39.2 {0638 1.51 [ 0.0 | 3.55 | 6.0 | 3.92 | 70.8
2 [1/30] 30| 39.9 | oeor| 1.36 |-0i068| 363 | -0l029] 411 | 2.3
3 | 1/300] 3.57| 39.8 Jo.e72| 1.42 {-0.068| 360 | -0.009] 403 r1.7
a | 17300 | 3582 37.0 [o0.605| 1.41 0.05) 351 | 0.013] 3083 | es.e
s | 1730 3.75| 37.8 o.62¢| 1.42] 0l0a2| 351 | o.o12] 3185 | 69.9
6 {17300 | ais7] aa’8 [ol678| 2.02| 00 | 383 | 00 | 452 | 762
7 | 1/300 | 479 a0°z | ois87] 193 |-0i1m1| 3.93 | -0.028] 480 | 18.2
e [ 1/30 ] a:50| #5.0 | 0c677| 2.03f-0.051) 388 | -0.oa3]| 4le2 {77:2
9 | 1/%0 | 462 42.9 | 0.638| 1.42] 0.0a5] 380 | o0.012] als1 | 75.5
10 | 1/300 [ 469 | 42.3 {0.62a| 198 | 0032 3.80 { 0.009( 450 | 75.7
11 | 1/300 | 6.99| 5.5 | 0:ss0| 318 o0 | a8 | o0 | 709 |51
32 | 17300 ) 6.95| 4a.3 | o:se3] 308 |-0l0s3| ale1 § -0iom] 720 | 9508
13 | 1/300f 7.08| 45.2 | 0:563] 320 |-0.027| a.80 [ -0.006] 7.15 | 95.4
14 | 1/300 | 7:03} 5.4 | 0:547| 3719} ol0aa]| 4.75 | olore| 7.00 [ 944
15 | 17300 | 6.99] 427 Jo.5a0] 303§ 0.034] a.76 | 0.007| 7.03 | 946
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Fig. 16 Verification of change of resistance of flow due to

transpiration velocity.
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Fig.17 Experimental verification of effect of transpiration
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3 Pe | ®
B Py !
o * <
o o &
2 ot o_zl/fL_
a | eyl
= 5] _lo.”
o o/
0 S
o Lo
o
107 o
°
fﬂ
© [0.055
® [0.057
@ 0.066
5 © (0.068
-6 i —
10
1078 107 108 Pes

{directly measured)
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tical prediction,
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Fig. 19 Experimental verification of effect of transpiration

velocity on mean step length.
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Fig.23 Coefficient of variation of step length.
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Fig.24 Experimental verification of transpiration velocity on

transport rate of bed load.
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