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TRANSLATOR'S PREFACE

This peper is of speclal interest due to the fact that Vitols
has introduced a term for the effect of the centrifugal force on the
overfalling nappse.

A discussion of the integration of the differential equation
by A. Fischer end the rebuttal to this discussion by A, Vitols appeared
in Wasserkraft und Wasserwirtschaft, vol. 32, 1937, p. 71. 1tdd not
appear worthwhile to add a translation of this argument to the transla-
tion of the original paper.

Edwerd F, Wilsey

Denver,
June 1, 1937.



The unfavorable action of negative pressures on spillways
creates the following three conditions:

1. A negative pressure reduces the back pressure on the
spillway so that the resultant preésure is correspondingly increased,

2. A negative pressure causes, as & result of the vibra-
tions accompanying it, a locallzed disintegration of the surface mé—
terial of the dam, for the nappe first adheres then springs free from
the wetted surface of the spillway,

3. The entire dam can aéquire a state of considerable
vibration; the displacements of a single point on the dam are indeed
not large; the suceeding impulees, however, by increasing the acceler-
stion and by ineugurating forces within the body of the dam can give
rise to important secondery forces of varying significance. This
phenomenon often increases to such an extent that it resembles an
earthquake in the vicinity of the power plant. One can well imagine
how destructive such a play of force can be on the whole structure,

In this connection, there are plenty of exemples of projects of faulty

construction.
The vacuum problem has aroused great interest in recent times

particularly in countries where an active demend for water power has
arisen as, for exemple, in the Soviet Union, where an attempt to solve
this problem has resulted in a report of the Hydrotechnical Institute

of Leningradl.
The most popular solution of the problem appears to be that

of the American engineer, Creagere. It, as well as other investigations,
is based on the weir experiments of Bazin’ concerning the shape of an

1nBulletin de 1'Institut Hydrologique", edited by L. S. Berg; Leningrad,
1927; paper in Russisn by Mademe L. V. Kasanskaya, pages 80 to 120,

E"Engineering for Masonry Dams", New York, 1917, p. 105.

Jannales des Ponts et Chaussees, vol. 6, no., 19, 1890, lst semester,
ps 56; Also a German translation by K, Keller, Zeits, des V.D.I,,
vol. 3%, 1890, p. 883.



aerated free neppe at the upper portion of its trajectory. Briefly,
Creager's procedure is as follows: A particle of water at a distance
of about one-third of the thickness of the napve measured from its
under surface (figure 2) is conceived as a free solid particle which
noves in a vacuum, that is, without friction. The initizl location of
this particle corresoonds to the point of maximum pressure in the nappe
(figure 1) and the initial velocity of the particle is the average over
the whole section. The trajectory of the particle is the parabola:
2 = 2¥%ox”
4

where Vox is the horizontal component of the initial velocity.

If this curve is plotted on Creater coordinate paper and if

the origin is shifted, the following Creager equation results:
ve
(x-a)2 = ?—g°5 (y+b) = 2.732 (y+ 1)

The constants a, b, and vox are determined by experiment for a unit
head. This equation represents the kern between the upper and lower
nappe profiles., The thickness of the nappe at any point along its

trajectory is determined as follows: The vertical component of the

Vy = Vogy

velocity is:

the horizontal component,

Vox = const,

and the resultant velocity is,

The thickness of the jet is found from,

The kern lies at = distance of D/3 measured orthogonelly from the
under surface of the nappe. Proceeding in this fashion, both the
upper and lower profiles mey be plotted. The Cresger table of
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coordinates is calculeted for h = 1; for other heads, the coordinates
are increased in proportion to the head, | ‘

Madame Kasenskaya, a Russian Hydraulic Engineer, has criti-
cized Creager's proceduie; she questions the possibility of finding the
constants a and b by experiment, and objects to the point chosen by -
Creager as the free point.

In her analysis, she has chosen the center of mass of the
nappe as the free point, '

The geometrical interpretetion of this vroposal is that the
free point is the centroid of the velocity surface as calculated from
its first moment. She has calculated this free point and has found it
to be at 0.U4l4 of the thickness of the nappe from the under surface.
Congidered as a free solid particle, the free point describes the
trajectory:

’ ¥y = n+ ax + kx2
The constente n, m, and k are determined from Bazin's experiments by
apprlying the theory of least squares to the observed coordinates.

The coordinates of the nappe profiles are computed in the
same way as by Creager, that is, from the thickness of the jet and the
path of the free particle,

The proposal of the Russian, Pusirevsky, should aleo be
mentioned, and again is concerned with the motion of a free particle.
He also introduces a pressure force which influences the motion of the
free particle.

It 1s to be noted that in this case the ordinary parabdola
deacribed by a free fall is distorted. He gives no fixed method, for
determining this force; and, therefore, there is danger of distofting
the parabola either too much or too little, The details of this pro-
cedure cannot be reproduced here; the reader is referred to the original
paper,

It must be said that the above methods all proceed from the
concept of a "free particle," with which hydraulics has little or nothing
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to do, Appareptly,‘a solution cen be achieved on the basis of ordinary
hydraulics; otherwise, all propositions of this kind cannot rise above
the level of rank empiricelism and thus cen render reliable results only
in certain cases where they accuraﬁply fit experiments.

The unreliability of an empirical procedure is increased when-
ever one departs from the conditions of the experiments. In the follow-
ing, an attempt is made to solve the vacuum problem on the basis of the
everyday hydraulics assisted by Bazin's experiments,.

The Analysis

The problem is reduced to the special case of a dam with a
vertical upstream face, (figure 3), which, however, is found frequently
in practice. Naturally this anelysis can be extended to other cases.

The well-known Bernoulli equation is expanded to include an
additional term for the purpose of introducing into the discussion the
centrifugal force which accompanies curvilinear motion and which reduces

the pressure between the nappe and the surface of the spillway,
The expanded equation is as follows:

2 o 8 S yi2
_w_°_Y_9_+H=Ho=uL-y+/cosa° ds—lJ !""T s (1)
2g 2g¢2 ° g r

in which
V =the average velocity of the nappe;

Vo =1ts initial value;
w =the coefficient of Coriolis;*

wo = the initial value of this coefficient;

*Tranelator's note: o 1s usually denoted by American writers as 4, and

is defined by the following equation:

A A
) E“M&)e = & Z)f (v )3(13 = o/ (v )3(13
2 28 2g a ]“v' da 26Q
o

This coefficient might well be called Coriolis' coefficient, as in this
paper,



B2
L}

the velocity coefficient;

a' = the angle between the vertical and the tangent at a point
on the curve s, which is drawn orthogonally to the stream
lines;

v? = the local velocity of a particle of water tangent at any

-instant to a streem line; and

r' = the radius of curvature of a stream line at the position

of the particle.

The coefficient ¢ comes from the expression for the energy loss
in the following manner: The sum of the velocity head at any point in the
nappe end the loss of head is:

2 v 2 2 2
ﬂ--{- 2’—’—8@(1+€)Y—ﬂ_.1—
2g 2g 2g 2g %2

The geometrical symbols are shown insfigure Bae

The meaning of the term °,/' cos a’ ds is as follows (see figure h)s

The increment of hydrostatic pressure is given by,

dp =-%§ ds = €5 d8 (scalar product)
where &€ = the specific weight.

This expression may be written as follows:

E,?i-sl = ¢ds cos (5 ds) = eds cos &' = eds’

8 s
d[ dp =p = ¢ d/ cos a' ds = edf ds! = g§!

and

= gfh' = Beh cos a
It follows from these equations that:
8
ofcosa' dssﬁhcosaa.g '

where B = a constant.

We now puts B2 2 2
d/.ing_ ds = %r'u°s "%T ph

in whichs p = a constant;
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r = the radius of curveture of the spillway profile wetted by
the neppe; and

V = the average velocity of the jet, as defined by the follow-
ing relation,

M B

AV =Q =/ v aA = bdf vt ds

where A = the orthogonal cross section of the nappe.

Bernoulli's equation now has the following form:

where;

’ 1v2\
nh=h (ﬁcosa-}——)=he
rg

he is the piezometric height at the boundary between the nappe and the
spillway. We now assume the limiting condition that the nappe is always
in contact (the under side of the nappe is identical with the spillway
profile) when the piezometer height is zero or;

m=¢&=f8 cosa - EEE a 0
T

We now have the parametric equations:

W
Ho-!-yugza—g
and

2
v
cos a - B =20

B A2
These equations determine the limiting profile of a vacuumless spillway
for the above condition. The variables in these equations are y, v, a,
and r and the constants B, w, ¢, and u mey be replaced by a single new

constant or:



We now proceed to eliminate v from equations (') and (3), thus:

From (2), ) »
)
T2 )T

substituting for .gs in (3), we obtain;
B cos a - E%E-.EQ.%JI = 0
1 - l&ﬂi_,;§9=1;li =1 R (Hory) 0

or
wp r cosa r cosa

where K a'EQE
wf

Our next task is to write this equetion in terms of y and its derive-

12
r= .(,1_%_“2,_,2
and tan a = % = y“ = .ﬂsin a 1-cosz a

cos Q cos8 a

tives, thus:

or | y"* 0082 a = 1-cos? a

-1/2
or cosa= (1+y'2) /

2 2 - 2
Therefore: r cos a = ALt Y )3/ (1+y 2 %, l—iﬁxl_

¥ Y
and 1- k20 =14 x{-—%ﬁ yr =0 (W)

Equation (4) is the differential equation of the vacuumless spillway
profile for the limiting case (no reserve for positive pressure).
Equation (4) admits & simplification which throws light on the phenom-
enon as observed by Bazin. This is accomplished by introduecing di-
mensionless coprdinates by means of which the phenomenon may be better

investigated. These coordinates are:

X ¥
——— = d =
Ho ¢ e Ho



We now have:s

dx = Hy (d &), ax2 =H?2 (4 §)2

and dy = Hy (d m), 2 = Hy (d2y)
' o gz = a =
Thens y i d_g n!
d2 d2 ] . L3
# = m a.n—
Y =2 " g Hg

Translator s note: The reader, like the translator, may be more
familiar with the following method of obtaining the second
derivatives

g .4
ax d
hence
Py .4 & g
e Rl i
but since
da - 3
& °%
then 2 5
= L. 4 -« 7"
= "o ",
‘and
L K@y ry)yn | K(Ho+Hym) n°
. 14’y2 1+1’]'2 Ho
K (1+ "
m ] - ( D) n s 0 (5)
1"")“2



This is the final differential equation of the vacuumless
spillway profile expressed in dimensionless coordinates. The coef-
ficient K is not a true constant; for the time being it will be con-

sidered as an unknown function of m. Consequently equation (5) can

be written as follows: - K(Tl)(l+'f]) n o
1+ m2

In this form there is small hope of integrating the equation. Pro-
visionally K will be assumed constant. It will be shown later that
this assumption does not invalidate the final results, for by giving
K varicus wvalues, & whole family of curves will be found which will be
intersected by the profile of the spillway.

This first integration of equation (%) is effected in the

following manner:
sin a - _d_n da
cos @ da d&

! - s tan a =

a2 d 1 da ten a da

N oa = (ten a) = —== = 200 =

i d& dg cosa g cosa 47
Hence: . da
N K(l+n)ten a 5=
1 o~ M: 1 - n dI]

2 2

1+mq' (l+tan2a)cos a

da
=1 -K (1+n)tanad—n=0
R tan a da = ~d (log cos a) = _{dJ-T =
K(1+m

%d log (1+1)

or d log El+'q) cos aK] = 0 = log 1l

and the integral is:



But when @ = 0; mn = 0; therefore

log 1 = C1 =0
and the integral becomes

log [Zl+n) cos aé] = 0 = log 1
or

(147) cos oK a 1

which may be written;
- : K
(14m) = cos o k. (1+'r]'2)/2

Heneces L n'ag (1”})%
and R = Vo ZE 1

. = 1+m n _ 1 (5)
where; n= 2/

For two values of n the integration is performed directly.
These cases ares
() K= 2orns=1
which reduces the equation to:
. | 1
& -/ TRET =V - 2

d
n /2

or dg =

the integral of which is =2 nl/é + Cp

But when . m=0; E£=03and Cop= O
52
Therefore ‘ n=3 (Parabola) (1)
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(b) K=1orn=2; then

g‘g =mn's= V(l+n)2~ = V1+omn-1 Va'm'qe
and ﬁ ; d E.OE; (1"’7]) + \/(1+n)2-1] = 4§
€ = log Elﬂ)) + |/(1+-,])2..]]+ 03

and
But when n=0; £=0; and C3=0
Finally: £ = log Elm) + V(1+n)2-1:, (g)

If we wish to consider the path of a solid particle, we proceed in the
The horizontal acceleration is;

2 dv.
I = & =3 %
. dace dt

following manner:
=0 .

end the initial acceleration in the y=direction is that of gravity or;

.. d2 dv
=_l=_d%x=g

Jy = ¥
. y ate
The initial velocity iss
y vox = VEgHO H and vOy = 0

The initial coordinates are: Xg =¥, = 0

dv :
X = 03 Vx = const. = 2@0

Then
dt

alsos dv.
o T8 Ty = et Ce

11



but when t=20; v
dy
Then: vy = gt s v, =gt

and

but when t = o3 y = o; therefore C3 = 0,
and y =-5§E
Likewise Ve ® g% " Vox * VEEﬁ;
Then x = |2, t + CY
But when t =03 x=x5=0; and Cy =0
Therefore
or
x2
and t2 =é}§ﬂ;; %f
Eliminating t: x2 ) - % | 5

and therefore

Therefore equation (7) indicates that the profile of the
spillway with no negetive pressures is a parabola which is true

providing the water particles in the nappe move as a system of free

a2



solid particles in a vacuum. But since this is not the case, it
indicates that the parabola, which meny engineers use, has too
muoh reserve against the formation of a vacuum, and such a profile
is therefore uneconomical. Thus the parabola may be conceived as
the outer limit of all vacuumless profiles.

The observed data of Bazin on which investigators usually
base their design of vecuumless spillway profiles do not fit either
equation (7) or equation (8). The Bazin curve is steeper than these
curves, which indicates that differential equation (5) must be inte-
grated with n> 2. This operation oamnnot be accomplished directly.

We therefore expand the function

as an infinite series, thus:

-[1""11134'&!{-_12—) T}Z +oooo ‘1]1/2

: ; L 1/2
[t s 0. ]

= (n'r])l/e [1 + n2;1 n+ i—ir—-n-.lg)';-z) 1-]2

/2
v ]

This series converges rapidly for the upper portion of the

trajectory investigated by Bazin, for an inspection of Bazin's data
shows that the minimum 1 {1 (see table 1, Bazin's data) and, further-

more, the coefficient of the m = th term of the series is:

13



(n=1)(n=2) « « o - « (n-m)
1e2:3 o ¢ o o m (mtl)

o) o foe

m +1

an =

and in the limit, lim (ap), _, oo = o

The terms of the series beginning with the third, which is positive,
alternate in sign, so that the omission of the terms beginning with:

(n-1) (nf 2) n2

6
will not introduce a large error when only the sum of the first two
terms, namely:
: n-1

is taken as the approximate value of the function, (1+1r])n - 1., With

this approximate value the differential equation becomes:

Vo dEm

nln -1 "]2

BB ]

of which the integral is;

V_log[l/2+_-_n \/n-ivn+n1 2| g ot

Since (n)gno = 0, the constent of integratidn, is determined froms

14



V=5 log1/2+C'=0

. 2
c 9 = ol ———— 1
or v = log 1/2

and
% log E+ (n-1)n + /o=l oy + (n-l)'f]‘?]

= |n &; or

Lo \grEry lee |Hlnt VBT [om(a-1)n2| (9)

It can easily be shown that equations (7) and (8) represent special

cases of this general equation. Thus, for n = 2, equation (9) becomes:

(E)n_,aew log El""f)) + V(1+7]2)_ -J] (8

For n =1, (K= 2), we have the indeterminate values

zﬁ\lglogln%

The true value of this expression iss

.
lin (E)pypy =2 dn log El+(n-1)n * Vn-1 Vem(n-l)na
= VAT

Ve Eu/a (a-1)" Y2\ ooy + 1/2 VT (m(a-Dnd) 2 2

E+ (n=1n+ Va-1 Von+ (n - 1) -qaj 1/2 [n (n—lﬂ "1/ (2n=1)

from which it follows that:

15
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2
lin (8) |, =V/Z 12 /27, Tusg=n (1)

Calculation of the Coordinates of
the Vacuumless Dam Profile

The use of formula (9) for caloulating the coordinates of
the curve for comparison with. Bazin's data is tedious. An essential
simplification is aocomplishéd by introducing an infinite converging
geries for the function & according to the well-known expansions

1+x x) . x?
1= x) . x . —-Icx <lt
log T 2(x + 3 Yot for =I<Xx

For small values of x, this series converges rapidly. By putting

(n=1) n +Ya=1 y2q+{a-1)ne = A

we haves
£ = log (1 + A)
n(n-
Ncw place: 1+x
1-x
then

l+x=1+A=x=xA

x (2 +A) s A; x =

A
2+ A

and Ew 2 /mﬁm <1 + %2) x  (approximately) (9)

providing the series converges sufficiently rapidly so that the first
two terms can be used in place of the entire series. Before making

use of Bagzin's teble for oaloulating the coordinates, it is nece'asary
to observe the following. The coordinate axes used by the author do
not correspond to those of Bazin. Bear in mind that Bazin's dimen-
sionless coordinates indicated by the subscript, B, and in addition to,
his coordinate axes are different from those used by the author who
employs the.head,’H, on the crest of the spillway rather than Bazin's h,

16



measured at the upstream edge of the orest (see sketch in table 1).
Only by converting both sets of coordinates to the same set of axes
may they be compared.

The purpose of such a calculation is to find n as a funo-
tion of m3 or in mathematiocal terms, n = n (7). It is reasonable
to assume that the law for n starts at that section where the individ-
ual stream lines deviate appreciably from a parallel state. Therefore
n has been caloulated for the four points in Bagin's table previous to
the lasgt point whioh has been excluded because apparently n is in error i
in the table as given;* the original source (Annales des Ponts et _
Chaussees, (6) 19 (1890) page 56) was not at the disposal of the author.
The last column in table I gives the calculated values of n.

After the values of n have been found the problem of the
author is to extend the n-~law outside of that range of the nappe '
studied by Bazin, in consequence of which a hypothesis becomes neces-
sary. Here lies the orux of the problem.

If the four computed values of n are plotted as a funotion
of 71, an approximate straight-line relation is obtained. However, the
n-law cannot be thus represented in this case, since at the lower limit
of n, (n = 1), is finite, which is not possible. This can be the case
only when 7 ~oc« This suggests that the n-law is hyperbolic and can be

expressed by:

(n-no)a%u+%+g§+%. (10)

Observe that this series converges to n, when (n)n >,

We know that the limiting value of n, is 1 (free nappe with horizontal
initial velooity Vox = |2g Hy )« Actually n cannot attain this value,
since some frictional resistance is present. The derived equation is

"Translator 's note: An examination of the translation by Arthur Marichal
and John C. Trautwine, Jr., of Bazin's paper shows that for &B = 0.70,
B = -0.009 rather than +0.009 as appearing in table 1 of this paper.
See: Marichel, A. and Trautwine, J.C.Jr.t Recent Experiments on the
Flow of Water over Weirs; Prooeedings Engineer ‘s Club of Fhiladelphie;
Vol. S, 1892, p. 23&
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valid only in a certainAregion, for as the expression n = h (B cosa-lgé-)
ve
(piezometric head) shows, as h decreases, B cos a and<%i; also decrease,

the nappe disintegrates and moves as a system of free particles. It
appears that a study of the phenomenon at spillways can yield information.
Such studies have been made by Dr. Ehrenberger, the director of the State
Research Station. |
The use of equation (10) is very detailed and the results are not
worth the trouble, since, as already stated, the n-values vary approximately
as a straight line. |
It is simpler to conceive of the n-line as a tangent to the hyper-
bola at the end point of the Bazin range (& = 0.450, n = 0.1115; see table 1),
We shall assume ny = 1, which is equivalent to a reserve against
a negative pressure along the lower part of the spillway. With these two

conditions the calculation can be carried out by means of the equations

a b
nelsms==+
m M2
To find the values of a and b, we have the following conditions:

b b
(1) (n-1) = 1,12 == + S S
72,12 n M2 m=0.1115 ~ G.1I15 ~ G 13152

(2) (£ =L /g+b I LN\
dn ) 1=0,1115 dny \7 12 n=0.1115 M2 M3 n=0.1115
= (n)n=0o1115 - (n)n=0o0h62 e 2032 + 2,10 . . _0Ow22 _ _ 2200
0.1115 = 0,0462 0.1115-0.05%2 0.0653 ©53
The further calculation will be dispensed with here and the final

result stated, thus: (-1) = 0,212 ) 0.00965* (lﬂ
Y| ne .

Translator ‘s note: Using the proper values appearing in table 1, equation

(11) is found to be (n-1) = °°72]°2 - 0'002898 (111)
n

18



We are now ready to disouss the reserve against negative
pressures. It is interesting to learn just what the analytic factor
iss To do this we shall derive the equation of the reserve-ourve
indicated by subseript 1 and consider 7 as the independent variable.
Thus we may write: '

1 - 5(1*"01)11"

or
n = & where & £ 1
Thens

1 e K(Elﬁll)"'i"]. . 0
a(l+'q'1 3)

The first integral of this equation ist

d
ml"'&'?"iﬁ"'nj 1=-1 wherenl u%(n

Therefore, any curve determined from differential equation (6) with n1<n :

is e reserve-curve; the limiting ourve rises steeper thean the reserve-curve.

After the n-law hag been found, the coordinates are caloulated as
far as n< 0450 by equation (9). Por n > 0.50 a new formula must be
employed. To do this we write equation (6) in the forms

; .
"€g°V(1+n)n~ 1

e BT
1+

Expanding by an infinite series we have:

) oy A2l a2 [T 1 R
[(1 e ] e E (wx)’a

19



= + 'n/a + 1 + 1. 3
() E } (1"1)’] 2.2.2 (1+n)2@

£ llJASn + o G‘O 1‘1'5 ¢ o 0 gam‘lz

2.2.2.1.2.3 (1+n)0 2™ (1+m)

This series is convergent because the coefficients

103-2 e a o o (2m-})_§2m~1)<1
2m 10203 e o o o (m‘l) mn

in whieh :
2m=1
i <‘é“ﬂ"> n-eo” !
Than 7 . d n -
| bso VIREL T 4 oo ()™ 4y
N 3!1/2
% ~6°50 (1+7l) dT] * o 0 ¢ o

+ 1.3.5 o o » o (2m=3)(2m~1) ./67150 (14-11)' @_2;9!1 d_n

& n!

1‘ 1"'11/2 mn 1 ) lojln/a 7

@ (1+v) + (1+n)
l-n/2 T-3n
§ o0 2/ 0.50
lo 6 )o o o &1‘1 1=-2m+l
+ o o o -—2-% Z“ (1—;3551*1 n; (l'l"q) --é-—-n n
2 0.50
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. 2=n 2-n n =-n
g2 4 g EE
= Zx |Gm T -5 T e iy e T - (1)

._3.5 e oo (om1)2
2" 1.2.3 m [ (zwl)j

2-(2m+1)n 2-(2m+1 )j
L 5

‘.'II.°+

(14m) 2 - 1.5

- (&), - @) .5 (12)

The coordinates for M s 0.50 are computed from formula (12).

It is now appropriate to say a few words about how the diffi-
culties are overcome when we calculate m by agsuming n to be eonstant,
instead of by using equation (11). This ie profitable only insofar as
one point on a curve computed with n = constant, has an 7 belonging to
the vacuumless profile which satisfies equation (11); all of the remain-
ing points on the curve are not points on the profile curve. Following
this procedure we obtain a whole family of curves which intersect the
profile curve. ‘

The coordinates oalculated according to the author's equations
are given in table 2. In this table coordinates with and without sub-
seripts are enoountered; the coordinates without a subsoeript are ocalou-
lated for H; those with a subscript, for h, as indicated in the sketch
aocompanying the table. The values for h are necessary in order to
compare the coordinates with those of other authors.

The coordinates for the parabolio equation are also included
in the table in order to show directly and indirectly that such a curve
is uneconomical; direetly, by inecreasing the dimensions of the dam - and

indirectly, by the unfavorable inf'lusnce on the discharge coefficient, plﬂ
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The profiles advocated by various writers are given in
figure 5, among them the author's curve, of which it may be said that
it is truly e safe profile, since at first it egrees with Bazin's pro-
file and farther along it gradually deviates from the limiting curve
in such a way as to increase the reserve against the formation of

negative pressure.



TABLE I.
BAZIN'S COORDINATES FOR THE
UNDER SURFACE OF THE NAPPE
AND COMPUTED VALUES OF n.

5
)
i HEIGHT OF CREST OF WEIR = 1.13m
N HEAD ON WEIR, h0.15-0.45m
) FOR FOR
: BAZINS AXES | VITOUS AXES n
1]
i Ll M| E[M
)
S 2 &°5’_0.°’_°59_ . N B
V+0.94 V3qn -~ 0.10 |0.085
0.15 | 0.101
0.20 | 0.109 Xg~X®0.25h
0.25 |0.112 { 0.000 Yo ty20.112h
030 |0.111 ] 0056 0.00113] | From which it follows:
FIGURE |- DISTRIBUTION OF VELOCITY AND - [ =2 Lo 9. X
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: . n- 0.112-Mg
] 0.55 [0.054 104 . 0.688
o - == — .
h 0.60 | 0.035 o.sss}o.ossv 2.20 .
; _| 0395 7) 220
! 0.65 |0.013 | 0.450 | 0.1118] 2.10 FORMULAS FOR
; x ; 8 TRANSFORMATION
Y. 0.70 | 0.009 {0.506 OF AX ES.
TABLE I
COMPUTED COORDINATES
ACCORDING TO ACCORDING TO
y FORMULAS (9) AND (12) |[FORMULA (7 ) (PARABOLA)
FIGURE 2- THE CREAGER PARABOLA.  [€-% [n-L |8 |Tw™ g X o X | 8= | T
Ho| ™" Holo.seet ossen| > Ho| " Ho|oeeet|o.esen
00563 000123|0.050 | 0.001 | 0200 | 0.01 |0.1776|0.0888
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b —— - e . ) .
5169 10.0666150 10.015 | 0.600| 0.09 '0.53280.0799
T . i —
0.225 | 0:0304] 0.200 |0.027 | 0.800 | 0.16 l0.710410. 1421
0.282 | 0.0462/0.250 |0.041 | 1.000 | 0.25 |0.8880|0.2220
0.338 |0.0653|0.300 |0.058 | 1.200 | 0.36 j0.0656|0.3200
0.395 | 0.0867|0.350 |0.077 | 1400 | 0.49 |1.2432]0.4350
as ' 0.099 | 1.600 | 0.64 |1.4208]0.5683
43 {0.444 [ 1.800 | 0.81 1.5984!0.7200
1:770| 1.00 {1.572 |o.888 | 2.000 | 1.00 1.7760 0.8880
2.617| 2.00 |2.324 | 1.776 | 2626 | 2.00 2512011776
| 2.817] 2¢ 776 12828 | | 776
3.240| 3.00 |2.877 |2 664 | 3.464 | 3.00 [30760] 2.664 |.
3.721; 4.00 |3.320 [3.552 | 4.000 | 4.00 [3.5520|3.552
4.277] 5.00 [3.800 4.4401 4.472 | 5.00 13.9600 4.440
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FIGURE 3-s=LENGTH OF CURVE ORTHOGANAL
TO STREAM LINES; h=THE THICKNESS OF THE
NAPPE NORMAL TO THE SPILLWAY PROFILE,

s'AND h's

THEIR VERTICAL PROJECTIONS.
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FIGURE 4-GEOMETRICAL EXPLANATION
OF SYMBOLS.
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FIGURE 5- VACUUMLESS PROFILES
ACCORDING TO VARIOUS AUTHORS.
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