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'CURVILINEAR FLOW IN SOME WATER STRUCTURES

Alexande; M. Lucman -

In curvilinear flow the pressure distribution along any cross sec-
tion is no longer hydrostatic. The curvature produces the centrifugal
forces or appreciable acceleration components normal to the direction
of flow that cause a difference between the actual pressure and the
hydrostatic pressure. It may be convex or concave (Fig. 1).
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Pressure distribution in curvilinear flow
FIG. 1

It should be noted that the phenomena of curvilinear flow in
open channel was treated successfully in the two-dimensional case,
taking the curvature and inclination of tangents to the streamlines into
consideration, e.g. flow over some hydraulic structures such as sharp
edged weirs and broad crested weirs. The curvilinear flow over sharp
edged circular escapes, which is a three-dimensional case, was also
investigated.
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Focus of Study

In this study, the flow over some polygonal hydraulic structures
such as a sharp-edged equilateral triangle, square and hexagon weirs are
investigated to find:

1. A method for calculating the coefficient of discharge of “fall-
distributers” — hydraulic structures used in irrigation networks
of newly-reclaimed lands, and

2. A more accurate method for designing “fall-distributers”, taking
into account the effect of the geometrical shape in the plan of
the polygonal weir.

“Fall-distributers” reduce the water level to irrigate some low
areas downstream and also to distribute water to the smaller canals
which in turn feed the field. In designing them — which in plan are
polygonal weirs, usually rectangular — they are usually considered to
be composed of a system of straight-crested weirs.

These were represented in the laboratory by three sets of
polygonal weirs, sharp crested — an equilateral triangle, a square and
a hexagon. The total lengths of sides of the first set for weirs were
60 cm each. In the second and third sets, the length of sides of each
‘weir were 120 cm and 200 cm, respectively.

These weirs were used in a channel of 117 cm width, using dis-
charge ranging from 1.09 lit/sec,\ giving heads on the weirs’ crest
section of 0.73-5.59 cm. The discharges of up to 20 lit/sec were
measured by a 90 degree V-Notch at the end of the downstream
channel. An 8-inch orifice meter at the supply pipe that fed the
channel was used to measure the discharges greater than 20 lit/sec.

Theoretical Consideration

The flow over a polygonal weir, which is set in a channel (Fig. 2),
is not a pure radial flow; the channel sides have an effect of modifying
the pattern of flow.

Therefore, the theoretical treatment of the flow over a closed
polygon composed of “n’> number of sides (Fig. 3), and whose internal
angles are less than 180 degrees and which is set in a wide channel
(side effect is neglected), is as follows: The.flow over such a polygon



LUCMAN: CURVILINEAR FLOW / 143

is regarded as the flow over a system of straight stretches connected
at the corners by circular arcs (Fig. 4).

Three kinds of regular polygons shall be dealt with, namely: the
equilateral triangle, the square, and the hexagon. Some theoretical
trends concerning other regular polygons such as pentagon, octagon,
etc., may be traced in the discussion and can be expected to be com-
fortably generalized for all regular polygons by further investigations.

Dimensional Analysis

To. start with, we have to determine the dimensionless factor that
involves all the parameters affecting the discharge. In this problem,
it is assumed that the amount of discharge depends on the following:

1. H =
2. n =
3. & =

4. 0, -
5. &
6. O

7. g =
8. Ly =
Q-="f

the total head
the number of sides
the interior angles on the corners

the radius of curvature of the streamlines
at the surface

the inclination of the tangents to the streamlines
at the surface

the density of the fluid
the gravitational acceleration

the length of side ,
H, n, 6,p¢ P P, & Ly 1)

By applying the II Theorem, we get:

1 1H1 QH

¢ (;, ;9 —;’ a’ gﬁs’ IS)
Therefore:
- [ 2 1 1 H 1 H
Q = gH H (—s = ’ —,) (3)
¢ n e PS ¢; L
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Polygonal Weir
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©= interior corner angle.
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SKETCH FOR ANY POLYGONAL WEIR SHOWING THE
Side walls of the channel STRAIGHT AND CURVED PARTS.
SKETCH SHOWING THE VIRTUAL FLOW OF WATER L= Length of straight part.
OVER A POLYGONAL WEIR IN A CHANNEL. r= radiu’s of circular arc
FIG. 2 FiG. 4

From equation 3, it is clear that the amount of discharge depends
upon the number of sides, the interior angles at the corners, the radius
of curvature, the inclination of tangents, the total head and the ratio
(H/L), and the Froude Number.

It is also seen that:

1 H 1 H
el T, 4)

It will also be noted that when the geometrical shapes are given,
n and © will be known, likewise when (H/L,) is known, then (H//Os)
and (l/¢s) can be determined.
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Therefore:
H H
Qp = ¢ (Fr,— I, 5)
Where Qp = discharge over any polygon.

Derivation of the discharge formula

A. EQUILATERAL TRIANGLE

Ls Rw= ratius of the

curve part
at the corner

SKETCH OF THE TRIANGLE WEIR SHOWING THE
STRAIGHT AND CURVED PARTS.

FIG. 5

Ls = length of side. S
oc zratio of the straight)

part to the length of side

L(,t

From Fig. 5, Let:

L = length of side

_ length of the sfraight part
eXLs = Lstraight = a¢4 given head H.

~ radius of the circular arc at the corner
W for a given head H.

Loy = -IJM half the difference

2 between Ls and Ls
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Let also the discharge: under a given total head, H, over one third
of a circle at the corner be Q;; the length of the corner arc be 1
(small letter L). |

According to A. Khafagi and A. M. So}iman, Qq is equal to Qo is
the discharge of flow over a straight weir of length 1 under the same
total head H, and from the equation:

1.167

Y- 1.00 - 0.116 5 ) (6)
Rw
Where:
Rw = radius of the circle.

A. M. Soliman also gave the coefficient of discharge curve (Fig. 6)
for the flow over sharp-crested circular weirs, the equation of which,
as deduced from a logarithmic plot, is as follows:

" H 110 :
gy = 0.457 — 0.0513 (TR;) @)

Equation (7) gives the coefficient of discharge for a straight weir
(H/R,, = 0.00) as to be equal to 0.457, i.e., Cstraight = 0.457.

C

And in general, the formula
for a flow over a sharp crested weir
is:

Q=CLx\V2g H? (3 5 =
w 030
C = coefficient of discharge Rw 0:20 \
010 \
L = length of the weir ' 0’%9‘0 0.40 044 'me

4 CRry

A’\‘w against CR,

After M.A. Soliman
FIG. 6

H = total hand
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The equation in the case of the equilateral triangle can be set as
follows:

Q) - [0457 — 00513 G )" 1x L x Pe B2 ©)
W
Q) = 0457 — L x \[2¢ H/? (10)
Where:
Ry, = Lo; tan 30° = 0.577 Lo,

From equation (6), we have:

: 1.10°. '
Q. [0457-00513Gr ) IxLx [ig B
: W

Ol 048 » =
Q, 0.457 x Lx~f2g H?
1.167
But ¥ - 1.00—0.116(% )
w
Therefore:
457 —0.513 ——"‘”‘“H 51'10
[O. Bk (0.577 Lo, ] o8 S0t H 1.167
0.457 .t o o (0.577 Lot)
From which we get:
H _ 0354 (11)
LOt
L. (1 - -
But Lo, = --S—(-—-_g(_)., and substituting in equation (11),

2

we get:

;o H
‘= 1. -— o (R
o<t 00 — 5.64 (Ls)
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Whete: o<, = ratio of the straight part from the total length of a side
of a polygon in the shape of an equilateral triangle at a
given relative head (H/L)).

Again, the flow over the triangle will be equal .to the flow over
three stretches of straight lines, each of lengths 0<Ls plus the flow over
three thirds of circles, of radius 0.577 Loy

From Fig. (5), we have:

Q- 0.457 x 3¢, x Lix \ 28 H¥2

0.457 — 0.0513 ()"
* (0457, — 00513 Tl o ]

3/2
xZHxO.577xLotx,/2g HY

But from equations (11) and (12):

H .
" To, = 0.354 and & = 1.100 — 5.64 o,

S

Then substituting, we have:

} H. Fa 132
Qt- 0.457 x 3 [1.00 — 5.64 (Ls)] xLx . 22 H

0.354 1.10

+ [0.457 — 0.0513 0577 ]
_H g |
Xx 2 x 0577 x 0354 x ./2g H (13)

‘But, Q; = discharge over the triangle.

- C x 3 Lgx J2g H¥? (14)
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Where: e
C; = coefficient of discharge over the triangle.
Equating. equations (13) and (14), we have:
C, x 3L x \J2g H¥? = 0457 x 3 [1.00 — 5.64 (H/Ly)]
0.354 1.10

L 32 4+ [0.457 — 0. e s
x Ly x \(2g H'* + [0.457 — 0.0513 (0.577) ]

x 2 T x 0,577 x x [2g H¥?

H
0.354

And C; = 0.457 [1.00 — 5.64 ({I—'-)] x [0.457 — 0.0513 (0.614)110 |
. S

472 H
X—§-H x 1.631 (LS)

Therefore:

C. - 0457 — 258 &5 (15)
~t L

Equation (15)gives C; = 0.457 when (H/Lg) = 0.00, i.e., when Lg
is very big compared to H, then the term (H/Ly) is very small and can
be neglected, in other words, for long sides, the corner effect can be
neglected and the whole length of side can be treated as a straight weir.

Square

From Fig. 7, the same approach is used. In the case of the square
weir, the number of sides will be four instead of three and the
angle is 90° instead of 60° in the case of the triangle, and we have
Los L QT‘——)’ the index “‘s” refers to the square instead of index “t”
which refers to the triangle in the previous section.
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SKETCH OF THE SQUARE WEIR
SHOWING THE STRAIGHT AND

CURVED PARTS

|

Ls |
'Lﬁ_’q's Log
T [Rw RwLD)

FIG. 7

JRw Rwi/ |
e
- Ls=Length of side.

= Ratio of the straight part to the length
e.

t si
Sl oot of si
Log™

Rw=Radius at the arc at corners.

From equation (6), we have:
[0.457 — 0.0513 iy JxLx [2g H¥?

4 il Rw 5 - L‘)
Q, 0457 x L x y2g HY

1.10

1.167
But Y= 1.000 — 0.116 (—g—-)

W

Where:

R,, = Log tan 45° = Lo

w S

Therefore:

0.457 — 0.0513 H 10
[ . T A (LOS) ]

0.457

H
= 1.00 — 0.116 (LOS)
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From which we get:

H

—I;; = 0.614
Li 1 -4 eIy :
But LoS = N » and substituting in equation (16),

we get:

H
g = 1.00 = 3.26 )

Again, referring to Fig. (7), we have the discharge formula over
the square by:

Q, = 0.457 x 4oLy x \[2g H?

1.10 3/2
+ [0.457 — 0.0513 \i%—-s-) ]x2Tx Loy x \/2g B

But from equations (16) and (17)

H
H | 00614 and o< = 1.00 — 326 ()
Log | S

Then substituting, we have:
H 302
Q = 0.457 x 4 [1.00 — 3.26 ('i;)] x Ly x \/2g HY

+ 0.457 — 0.0513 (0.614)1°

_H_ o B B2 (18)
x2ﬂx0.6l4x 2g H

But Qg = discharge over the square.

3/2
-C8x4Lsx\ﬁEH (19)
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Where: ‘

- C§ = coefficient of discharge over the square.
Equating equations (18) and (19), we have:

H
Cg x 4Lg x \f2g H¥? = 0.457 x 4 [1.00 — 3.2660] x L x/2g HY?

+ [0.457 — 0.0513 (0.614)*1% 1x 2 ITx 0§14 X \/_2_g H3/2

and Cg = 0.457 [1.00 — 3.26-%1] + [0.457 — 0.0513 (0.614) 40 ]
S

2 1 H
*ZMx g * @)
Therefore:
. H
C; = 0.457 — 0.398 (-i--) (20)

S

Equation (20) gives Cg = 0.457 when (H/Ly) = 0.00, i.e., when
L is very big compared to H, then the term (H/L) is very small and
can be neglected, and the whole length of side can be treated as a
straight weir.

Hexagon
From Fig. (8):

Number of side, n = 6

Corner angle, ¢ — 120 degrees.

.Loh = —L-S—(-li:z(—) , the index»“h” refers to the hexagon.
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Ls= Lc hof Eﬂ‘ —j LthS%Ls

oc-rutuo of thf Rw= radius of
straight Ls arc at the
tP'?;t XV corners
length
of side f

SKETCH OF THE HEXAGONAL WEIR SHOWING
THE STRAIGHT AND CURVED PARTS.

FIG. 8

and we have:

R, = Loy tan 60° = 1.732 Loy, then by the same procedure

as before, we have:

H 110 13/2
[0.457 — 0.0513 (RW) ] XL x J2g H

Q . , =y
Q, 0.457 x L x \[2} 132
H .1.167

But ‘~|)= 1.00 — 0.116 (-ﬁ;)
Therefore:

s H 1.10
[0.457 — 0.051 (1'732L°h) ] i L

0.457 2 1000 20116 Gomaran?

From which we get:

H

s e 1,063
Loy,
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L. (1 =)

But, Lo, = —L—z-——-, and substituting in equation (21),
we get:
el = 1.00 1.881 (-E) (22)
h . T . | L |

S

Again, referring to Fig. (8), we have the discharge over the hexagon
and is given by:
Qp = 0.457 x 6XLg x \f2g H*?

H |
o, tan 300

10

1.
) e

+ [0.457 — 0.0513 (¢
x 2 T x 1.732 Loy, x \[2g H*?

But from equations (21) and (22):

. | H
_IY);I = 1.063 and o<y = 1.00 — 1.881 ('L"S')

Then substituting, we have:

H
Cy, = 0.457 x 6 [1.00 — 1.881 (I;)] x Ly x \f2g H¥?

0.457 — 0.0513 (=—=x) "
+ 0457 = 0013 (o pt—d
x 2 Tx 1732 x H x \/Z—g H32 (23)

But Qh discharge over the hexagon.

Cp x Lix f2g H¥ (24)
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"Where:

Ch

coefficient of discharge over a hexagon weir.
Equating equations (23) and (24), we have:

H
Cp x 6Ly x f2g H¥* = 0.457 x 6 [1.00 — 1.881 (7]
S

| 32 4 1.062.1.10
x Lg \/‘2’,«; HY? + (0457 - 0.0513 (7535 ]
1.732 H 3/2
x21I1x 1063 X»LS'X \/-2-g H
_ H .. . 1.063 _.1.10
and C, = 0.457 [1.00 — 1.881 (i-s)]+_[o.457 —0.513 (1.732)]
2 1732 H
e 1063 " L
Therefore:
0.457 — 0.132 (&
Ch = . - . (L_) (25)

S

Equation (25) gives G, = 0.457 when (H/LS) = 0.00, i.e., when
the value of Lg is very big as compared to H, then the term (H/LS) is
very small and can be neglected; in other words, for long sides, the
corner effect can be neglected, and the whole length of the side can

can be treated as a straight weir.

For other regular polygons
It is noted in the previous sections that for a given total head H,

the ratio (H/Lo) is increasing with the number of sides “n”, It
is also noted that as we increase the number of sides the corres-
ponding ratio (H/Rw) for the polygon approaches that for the circular

Weir.
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This gives us a sign to a certain trend that we can generalize the—
expression for the ratio (H/Lo), which can be called the “Polygonal
Factor” (P.F.).

General derivations
From Fig. (9), let: Ls =length of side. Rw « radn ot O
Lop= :s O-im:r’i;r‘:mm
n = number of sides of a polygon.
o = interior corner angle. T
JI
O(p = ratio of the straight part to 74
the total length of side of <
the polygon. A e octagon
FIG. 9
L (1 —X)
Lo, = S
p 2
Ly = length of side of the polygon.

.

<

Cri -

radius of the inscribed circle in the polygon.

Lop,tan (9/2)

discharge through a circular weir with a circumference
equal to L.

discharge through a straight weir with a total length equal
to L.

Q . 100 - 0116 &5
Q Ly

1.10
0.457 — 0.0513 (m)
RW

coefficient of discharge of any polygon.
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For any regular closed polygon;

Q = Cy xLx f2g H¥?
- [0.457 — 00513 (—-25 110 14 L x /28 HY?
tang Lo
2 °p
Q, =0457xLx,f2g H'
Therefore:
H 110 _ = 132
- 1= 2% H
g, (0457 - 00513 o) ] - x Lx /2 I
Q 0.457 x L x \2g B3
H 1.167
But, Y= 1.00 — 0.116 (Lop o (9/2)
Therefore we get:
i = 0.614 tan (0/2)
Lo
Or, P. F. = 0.614 tan [(17‘11-—23 x 180°] (26)

Also a general expression for the coefficient of discharge through
any Regular Polygon, Cp can be given as follows:
0.914 4373, H

Cp = 0.457 — (W) - ( - ) ('L-s)

It is in the terms of the Polygonal Factor, P.F. and the number
of sides n, whose corresponding values are found in Fig. (10) or
Table I, or by equation (26).

Again, the general equation for the discharge over a regular poly-
gon can be written as follows:

Q - Cp xnLgx \[IgH
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n = no. of sides 50 4
H= total head ,/
Lop=Ls (1-e<) 40l VEqn.]26
2 Vv
P F = polygon factor _ /
| 30 V4
No. of side n against polygon factor P F /’
FIG. 10 20 P4
o
/
7
0 2 4 6 8 10
H -pF
°p
Where:
Cp = coefficient of discharge over a polygonal weir.

n = number of sides of the regular polygonal weir.

L, = length of the side of the polygonal weir.

H = total head.

]

H
and Cp = 0.457 — x (-Ij;) (29)

Now, Q equals zero when C_ equals zero, i.e., the nappes over
the sides interfers with each other and the weir flow breaks. This leads
us to the idea of having the ratio of (H/Ly) at which the weir flow
breaks. Putting Cp = 0.000 in equation (29), we have:

0.457
X

(30)

H
(1-8-)2 =
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Where:

H
("L—) z = the ratio of (H/Ly) at which the weir flow breaks,
. the index Z refers to this stage.

For some other regular polygon, the corresponding (—')z was
calculated (see Table I, also see curve, Fig. 11).

Again, if we consider the case for the regular polygon of 50 sides
(n = 50, see Table I), as to represent practically the case of the circle,
we have:

2T Ry, = n Ly = 50 L

m H T T T T T T
90| (7 The ratiotlat meJ;_
_M_dm:m?ﬂ_(:s_ﬂ
Where: : ns= mamber of sides of
e polygonal -weir:
. E S o //
R, = the radius of the Ls 2 fg
considered circle. 30 5
20 ,
n = the number of sides i

of the polygon which

n against H
is considered prac- o T
tically representing the
circle.

Ly = the Illength of the side of this polygon.

Then we have:

(31)

But the equation for the flow over the polygon is:

C, = 0457 — 0.0064 (-, (see Table )
P L
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From equation (30), we have:

H x 25
C. =04 - 0.
p 57 0.0064 ( HRW )
C. = 0.0457 — 0.051 iy 32)
5= 0. 051 -
Bu-t,CR = 0.457 — 0.513 (H—)L10 (7)
RW

Comparing equations (32) and (7), it is clear that the equations
are almost the same because the exponent 1.10 is very close to 1.00

and their curves will virtually coincide with the range of the weir flow
(Fig. 12).

8.0 ; ‘ S R VRS e
13 =equivalent valye
8.0 Eqn'aL%&ZoﬂLﬂ ’ of a pdlygon
70 whers{ considered
6.0 \\ as a circle. -
C= fficient of
H,)  50Eqn.7 discharge of the
()
Rw Z 4.0 N_polygonal
. \\
3.0 R
2.0 '
1.0 N

0 O010 020 030 040 050

¢ H
C against ‘T?_;?Z

FIG. 12

Fig. 13 gives the curves for the values of against (H/LS), while
Fig. 14 gives the curves for the values of Cp against (H/Ly).
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0.5 \\ |
\
0.4 \E\ﬂ.22
A
N
0.3 ™
H SRS
Ls 0.2 \\ A\
~<Eqn. 2 h
0-1 ~—_ ~

00410 030 050 070 030
<p

H= Total head.

Ls =Length of a side.

oc¢p =Ratio of the straight part und the
curved part.

olp Against H/L
s

For a wide channel

FiG.13

5.0 :

| H=Yotal head

40 __|Ls=Length of side

- Lp-Coefficlent of dis-
+— charge of the polygonal weir
3.0 | Egn25 (Hexagon)
H_ N
Ls 1Y
2.0
' 1.0 Eqn 20 (Squckk
'E n. ingle) I\
000 010 020 030 040 050
Cp i
H

Cp Against —
Ls

FIG. 14
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Analysis of Data

It is clear in Fig. 15 that in the set of small models whose
Ly = 60 cms. and 120 cms., the difference between the theoretical
lines and the lines passing through the experimental points is so small,
except in the triangle where the sharp corner angle has a pronounced
effect, especially at high heads.

Inasmuch as the theoretical values and the experimental results
differ a correction factor Cy is deduced from the experiments to
correct the values of the coefficients of discharge (Fig. 16).

For the equilateral triangle weir:

Equation (15) when corrected can be written as follows:
: , H
Cic = [0.457 — 1.128 (-E-S)] Cre (33)
Where:

C;. = corrected coefficient of discharge for the equilateral
triangle weir.

Cg, = correction factor for the equilateral triangle model
as deduced from the experiments.

Also, equation (12) can be written as:

< 4o = e g (34)
0.200Ck,
Where:
C< (. = the ratio of the straight part to the length of side

taking into consideration the correction factor Cpg,
for the equilateral triangle weir.
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Ct, =Correction factor for Equilateral triangle weir.

Ctg =Correction factor for Square weir.
Cy, =Correction factor for Hexagon weir.

FIG. 16

For the square weir:

' Equation (20) can be written also as:

Cyc = [0.457 - 0.398 (%;)]‘CFs (35)
Where:
Coc corrected coefficient of discharge for the square.
Cp, = correction factor for the square model as deduced

from the experiments.

Also equation (17) can be written as:

CSC

Lse = 5132 Gy, ~ 2745
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Where:

o . = the ratio of the straight part to the length of side
taking into consideration the correction factor Cg, for

the square model.

For the hexagon weir:
Equation (25) can be written to as:

Cpe = [0.457 — 0.132 GD)] Cry) (37)
S

Where:

Che = corrected coefficient of discharge for the hexagon
weir.

= correction factor for the hexagon model as deduced
from experiments.

Cen

Also equation (22) can be written as:

<, = She_ ~5.51 (38
he® (0702 Cp )

Where:

1. = the ratio of the straight part to the length of side
taking into consideration the correction factor CFh"

for the hexagon model.

Illustrative Example

An irrigation canal’s water level dropped 1.20 m at a certain
alignment according to the area’s topography. The cross-sections,
upstream and downstream the fall, are shown in Fig. 17 and 18. To
feed the two branches A and B are to be fed by two pipeline culverts
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CROSS SECTION UPSTREAM
FI1G.17

CROSS SECTION DOWNSTREAM
FI1G.18

under the banks. If the discharge of the canal upstream the | fall is
2.33 cu.m./sec., corresponding to the water level (Fig. 19).

a) Find the crest level of the fall distributer.
b) Find the radius of the fillet at the corners.

c) Find the error in calculating the head, if the given fall dis-
tributer is regarded as four straight weirs, each having.of

length 2.00 m.
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Solutions:

a) Q = 2.33 cu.m./sec.
Lr=2x4 - 8m
Let H
(H/Ls)- (0.30/2.00) — 0.15
Cg = 0.457 — 0.398 x 0.15 = 0.397

30 cm.

From Fig. (16), Cg, = 1.010

Cs

Qs

0397 x 1.01 = 0.401
3/2
0.401 x 8 (2 x 0.30)”

2.33 cu. m./sec., which satisfy the given value.

Therefore H = 30 cms.

And the crest level = 14.00 — 0.30
= 13.70 m.

b) FromEquation (36):
0397

o = 5153 — 2745 = 5.10
2 (1 —K) 2 (1 — 0.510)
But, LoS ‘= > = 3
= 0.390 m.

Therefore RW = Los = 39 cm.

Fig. 20 is a longitudinal section in the canal showing the ‘fall-
distributer.” To minimize the losses through the structure at the

maximum discharge, the corners can be rounded at a radius 39 cms.
as in Fig. 21.
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Bank
(14-50)
—T00) 1h20) OU j‘
) = k3
L W
» (11.50) —— _Y : %
Pipe culvert to the downstream

,‘———Z-OOm —

Cross - Section C-C

FIG. 20
FIG. 21
c) Q=CL \/E_g_ H3/?
2.33 = 0.401 x 8 x ‘/i'g‘ H3/?
2.33 = 0457 x 8 x \2g H¥?
H
(_1)3/2 o pﬂ
H 0.457
H
— =0.917, from which the percentage of error in head equals
2

9.17. The percentage of error in calculating the discharge of assuming

straight weirs for the whole length will be:

a . 0.401
9, error in dischaige = 1.00 — 0.457 x‘ 100

12.2%

Discussion

The condition of flows over these three polygonal weirs changes
due to the sharp corner and the magnitude of the corner angle e.
So, the difference of the discharges for different polygonal shapes
exists.

The parameter that affected the discharges, and thus took effect
oncXk, the ratio of the straight part of the total length of side of a.
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polygon and C. the coefficient of discharge is the dimensionless ratio
(H/Ls), where F{ is the total head and Ls'is the length of the side of
the polygon. '

The different theoretical equations (12), (15), (17), (20), (22),
(25) give the values foro<p and Cp:

For Equilateral Triangle:
£y = 1.00 — 5.64 (%—S) (12)‘».
' C; = 0.457 — 1.128 (I—If;) %)
For the Square: '
<L = 1.00 — 3.26 (%;) | A7
C, = 0.457 — 0.398 () A (20)

S

For the Hexagon:

| 3

Ly = 100 — 1881 () - (Q2)
. H _ |

Cp = 0457 — 0.132 () | (25)

S
Then the final equations are:

For Triangle:

: _
Cic = 0.457 - 1.128 ('-Ij;) Cry (33) |
o C ' -
- ——I———— —
<Lic = 57360 o 1.284 (34)
For Square:

il H
Cse = 0457 — 0.398 ) Cr, (35)
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C .
oL g = 0TI, 2.745 (36)
For Hexagon:
Cy. = 0.457 — 1.32 (-I-{—) 37
hc ; . L,
Ch
L he = goroze ~ 55! (38)
Conclusion

As a result of this research, the various parameters affecting the
coefficient of discharge for flows over an equilateral triangle, a square,
and a hexagon weirs were investigated successfully and can now be
calculated. '

Also, the differences in the values of discharges passing over these
weirs — although of the same total length Lt and affected by the
same total head H — were found considerable.

Equations (12), (15), (17), (20), (22), and (25), can therefore
be used for the calculations of flow in proposals to improve hydraulic
structures such as “fall-distributers” in irrigation channel, especially
when the channel is relatively wide with respect to the structures.
Moreover, a correction factor Cp was introduced to compensate for
the effect of the channel side and the corner angles (The Cg values

are found in the curves in Fig. 14.)
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