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BEITAT » Joo ORI, HBEE W -2, B
& 0d4mm IF 2mm OFPERMTHCMI Uiz %
BRI, WESGERD B Y, x (FH) R,
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ER 5 0 B #7150 # 150 # 150 # 150
Rl 7o & W & 0¥ 14.60 11.65 11.16 16.90%*

* AARHERIIOK

o B 404 Kol & BEAMRRP G & DIk



136 Iy

(b)

B-TIT-10  x BhoDsRsE bt JE DML IR
(& Tiedisdhim (SR o%ea
(b) Licdhsihi GRITEBR O o8B

-5 BEERHEORBREREIUER
(1) BEOHIE

FiG~Ic kS, FHEOMEKE Y r - FER LK
?Jﬂ, ¥ b E R E ERRE RN B E A M —BL TN

B, BEOHEIBGHMERDTENT, CORLE

C.J:é'fﬂ’a? ﬁ'l:‘é"%)&'\“f# HBo WED x J5 VI@;}
(A
{cm)
P
w
25

(D“‘d3"’5)

20

0 15 Zb 2,5

H-111-11

X 30 (cm)

M IEZAL O (BRI OB &)

K EBBEMIETIE, WREMIBROXSICEL ST
EMTEB, 9, dEMI L LT A0 KD

Up=kx-+vcot, v=-—kysinf

2R B, T Z¢, Euler 0T ER IR

ou ou

Um + Ve =F, ~Lap
dy

p ox
o | - (IH-24)
av vV g1 op
U + Ty F, D
Thy, ERXTHBAOESS F,, F, €0l LT, u,

v E2RATHI,

k*x+k* cos 0(sin 0 — Dy = —(1/p)ap/ox

ky sin? 0= —(1/p)op/dy

LB, &5, ERE x, y OWMAMBICELTNZ 3 &,

!giL{x?--:_z cos (sin 0 —1)xy}dx
2 ox

Lk a : —_1{dp i
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Summary

In this study the author dealt with the phenomenon of scour at the base caused by free falling nappe over sediment
control dams, which is a vertical drop structure. In attacking the problem of scour, the author examined the decel-
eration of the flow which plunged into the scour hole, and the velocity of the flow along the bottom boundary. Based
on the analyses, the author made a theoretical equation regarding the maximum scour depth, and an experimental
equation regarding the maximum scour length. In the following, it was assumed that the bed material was uniform
sand, and consideration was given to the penomenon of the scour which had reached equiliblium.

1. The parameter representing the scour phenomenon

Fushitani had been of the opinion that the scour reached equilibrium when the sediment discharge or transport
rate out from the scour zone equaled zero. Noting a particle on the scour bed, however, the author considered the
condition of equilibrium for the scour as having the following explanations. When the scour reaches equilibrium,
as the velocity at the bottom of the plunging jet is reduced, it is thougth that a grain of sand at the scour bottom
remains motionless, and the scour is not enlarged.

The author assumed that a sand grain on the bottom remained motionless on reaching the condition of equilibrium.
Then, the impinging velocity (v,) on the sand grain is defined as:

valVoo==k(D/[n)" ¢

p=hfsin @, h=T+h,
where vo, is falling velocity at the water surface on the scour hole, D is thickness of the nappe, ¢ is influx angle of the
nappe, T is maximum depth of scour, %, is the average water depth in the vicinity of the falling nappe above the
spillway of the counter dam, and k, p are constant. As the drag force and the friction force acting on the sand grain

are in a balanced relation to one another, the equation for the maximum scour depth can be obtained by equating
these two forces

ds?n ] =CE (so—ll) tan ¢ (%%)(WIE)')“T ;2)
a=2p—1, f=1/2p @)

where ¢ is constant, s, is specific gravity of the grain, ¢ is the discharge per unit of width, tan ¢ is coefficient of static
friction of the sand grain in the water, d is representative grain size, and g is acceleration of gravity. The function
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form of the equation (2) is the basic one to obtain the scour depth, etc., and so the author gave the name Scour
Parameter.

By examining the result of the scour experiment for the case of free over fall, it was confirmed that this parameter
became a very useful one for expressing the scour phenomenon. However, since the values of the exponent («)
and (B) obtained by this experiment did not satisfy the condition of the theoretical equation (2°) for « and 3, it became
necessary to consider the scour phenomenon again,

2. Hydraulics of the slanting submerged jet and the flow along the scour bottom

By the falling nappe flowing in water surface as jet, the water within the nappe or jet will undergo both lateral
diffusion and deceleration. This submerged jet flow will cause a two-dimensinal diffusion. However, at the bottom
of the scour hole this submerged jet flow will develop the flow of the other properties. This submerged jet, which
has an impinged slant on the bottom boundary of the scour, comes to the stagnation point and then flows forward
as a two-dimensional wall-jet. In the wall jet along the bottom boundary, the boundary-layer is caused by viscosity
of the water and by the mean velocity of the main flow, which is defined as the velocity of the mean flow outside the
boundary-layer.

The mean velocity (#,) of the main flow along the bottom boundary in the neighbourhood of the stagnation point
can be found analytically by using the potential theory in this zone, and the simple equation of this solution is finally
written as:

i $2+I§€;’+c , E=gpsing ®
where A, B, C are constant, and x is the length along the bottom boundary from the stagnation point.

The mean velocity (1,) of the main flow along the bottom boundary was measured to determine the value of co-
efficients of the equation (3). In this experiment, falling nappe was two-dimensional, and one of the bottom bound-
aries was the rough flat plate, another was the fixed rough boundary. The results showed that u, ,,,, Was expressed
by Albertson et al., equation for the two-dimensinal submerged jet. Depending on whether the boundary of the
bottom was the plate or the fixed scour boundary, values of the coefficients in the equation (3) differed. For the case
of the fixed scour boundary, the following values of the coefficients 4, B, C in the equation (3) were obtained

A=0.600, B=-0284, C=0.194 )

The velocity (u,) of the main flow causes the velocity distribution in the boundary-layer along the bottom by
traction along the lower layer. The cquation of the thickness (9) for the boundary-layer was derived by
using Kérmdn’s momentum-integral equation for two-dimensional boundary-layer, and in this equation, y (height)
to a low power (#) was used to determine velocity (i) in the boundary layer. The-values of the coefficients n, 2 in
this equation for the thickness were unknown. However, by comparing the theoretical values with the experimental
values, the author obtained:

n=1/6, 2=0.0125

These values agree with the usual n, 2 for turbulent flow a rough plate.

On the one hand, shearing stress (r,) on the bottom was determined finally by obtaining # and 2 so that the theoret-
ical value thickness (8) for the boundary-layer agreed with the experimental value. It was shown that this ¢, curve
had its peak at a certain point (§), where § was the dimensionless length along the boundary, and the value of this
point was approximated as § =0.4. When a set of coeflicients 4, B, C for a flat boundary was used in the equation
(3), the equation for the thickness (6) and shearing stress (r,) should hold proportionately for the condition of the
fixed scour boundary.

3. Maximum scour depth reaching equilibrium

The author obtained the following equation for #, ., through measuring the velocity u, of the bottom flow for the

actual scouring on reaching equilibrium:

Homs (DY, p=3/4 )

By using # .. obtained from the above equation, the author investigated the coeflicients A, B, C of the equation (3)
for the scour equilibrium, and it became clear that the values of the equation (4) for fixed scour boundary were appli-
cable as the values of the coefficients 4, B, C in the scour experiment, Thus, it permitted z, and v, ..., for a scour
condition which had reached equilibrium to be expressed by the equation for the fixed boundary. But it was con-
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sidered that the exponent (#) of the velocity distribution for the boundary-layer in this case differed from the exponent
in the fixed boundary.

By using the ¢, ... stated above, the author obtained the following equation from the balance of the grain on the
scour bottom which had reached equilibrium

d s?n 1 :c[ (so-—ll) tan ¢ (%??M)(%)u]ﬂ ©

a==2p—1, B=1/Q2p-+7), h=T+4hs 7=2n/(1-42n)

where n is the exponent for the velocity distribution in the boundary-layer. Although equation (6) is observed to
be the same form as equation (2) as derived in section 2, the exponent (8) in equation (6) contains the factor () re-
garding the boundary-layer, and in this respect equation (6) differs from equation (2).

If possible the scouring test is performed with D/d varied artificially so that the coefficients a, 8, ¢ of equation (6)
are determined. Thus, the special device of jet flow has been made for this scour experiment, and from the experi-
mental results of scour with this device, the following value of « and # have been obtained

a==1/2, B=1J2 O
By substituting equation (7) for a=2p—1 in equation (6), the value of p becomes:
p=3/4 &

On the other hand, as shown in the equation (5), the same value for p has already been obtained, and as a result, the
relation between « and p agrees with the author’s theory.
The theoretical relations for the other exponent (8) in equation (6) are:

B=1Q2p-+1), 1=2n/(1-+2n) ©)]

The exponent (1) of the velocity distribution for the boundary-layer, therefore, substituting equation (7) and (8) in
equation (9) yields:

n=1f2 (10

This value of n will become greater than the value (n==1/6) for a fixed boundary, because the velocity gradient in
the neighbourhood of the bottom boundary in the case of actual scouring is smaller than the value of that for a fixed
boundary. Furthermore, since Yamaguchi found that the exponent (1) of the velocity distribution is n=1/2 in case
of turbulent flow for the hydraulic rough regime in which the slope is steep and the ratio of the water depth to the
height of the roughness element is small, the value of equation (10) in this case is rather appropriate.

From the above explanation, therefore, the values of p and # for experimental results nearly agreed with theoretical
results,  As a result, it became clear that the formula relating to the exponent («), (8) in equation (6) for the scour
depth was valid. By substituting the experimental value for scour depth in equation (6), the author determined the
value of the mutiplication constant (¢} which remained to the last.

The problem with the exponent (a), (#) as stated in section | could be solved by the thoretical equation on the
basis of the scour parameter using the boundary-layer theory, and hence it was shown that this theory explained the
scour phenpmenon in a universal way. In this study, furthermore, the formula for the scour length was obtained
by the application of the scour parameter.





