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Abstract

The hydraulic relationships of flow through notches of different common shapes were investigated
in this study. The hydraulic performance of notches were carried out experimentally, by using eight models,
the effect of various shapes of notches to specify a range of hydraulic parameters such as coefficient of
discharge C,, energy dissipation ratio E%, and self-aeration of notch AE%. The experimental results of this
study showed that the dissipation energy corresponding to V-notches is larger than resulted from
rectangular notches. For compound notches of rectangular and triangle, a turbulence in flow increases as
the angle of lower notch decreases. Thus, this type with (0=120°) is the most efficient between the studied
models, which gives dissipation of flow energy ratio of (35.86%) for strong hydraulic jump, and (20.7%)
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percent of 35.53 is measured. This work also reveal that length of roller and the length of hydraulic jump
were directly proportional to the angle of compound notch. Depending on statistical basis, this study
derived set of empirical relationships to estimate coefficient of discharge, energy dissipation ratio, and
reduction of hydraulic jump length ratio with acceptable values of coefficient of determination.
Key Words: Compound notches, Coefficient of discharge, Energy dissipation of flow, Aeration efficiency,
Hydraulic jump length.

for steady jump type. In addition, this type improved the self-aeration of flow given by (
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1-Introduction
Dissipation of kinematic energy of flow through and over the hydraulic structures
is essential to prevent erosion of downstream channel bed and banks, collapse of
downstream structures. Hydraulic jumps used for dissipating this kinetic energy in a

stilling basin through generation of a jump (Habib,2013), generating large-scale
turbulence, surface waves and spray. Causing more energy dissipation and makes, air
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mixed into water. In water treatment, process hydraulic jump was formed in the location
where self-aeration of flow is necessary to increase the content of dissolved oxygen of
water, and supports in mixing of chemicals in these processes (Anandraj,2012).
Hydraulic structures such as weirs have aeration effect on the water body in downstream
of the structures. Several studies on the aeration at free weirs are conducted and relation
between aeration efficiency and local hydraulic properties has been cleared.

The type of hydraulic jump drawn as classical jump that occurs in wide-ranging
rectangular horizontal channels with smooth boundaries has been extensively studied.
Abdel-Aal et. al.,(1998) studied the hydraulic jump within a diverging rectangular
channel, it was found that the relative depth of free radial jump and the length of the jump
were shorter than those formed in rectangular channels, while the rate of energy loss
increases through the jump in radial basin compared to that in rectangular one. Hayawi
and Al-Talib(2008) performed an experimental work to test efficiency of dissipating
flow energy for stepped and un-stepped weirs. Results shows that increasing height of
weir and decreasing both number of steps and downstream slops stepped face of the weir
will cause an increase of the ratio of flow energy dissipation, and the stepped weirs are
more efficient in flow energy dissipation compared with un-stepped weirs. The
percentage of flow energy dissipation was increased by increasing the ratio of height of
weir to critical water depth, the ratio of length of the step to critical water depth and the
ratio of height of step to critical water depth while it decreases by increasing the
discharge. Hayawi et. al.,(2009) studied experimentally the coefficient of discharge for a
compound notches as hydraulic measuring device, it was found that the coefficient of
discharge (Cq) increases as the ratio(head through the rectangular weir/diameter of the
gate)(h/d) increase and for constant value of (h/d), the coefficient of discharge (Cy)
increase as the width of rectangular weir increase, the values of C4 range from around
0.522 to 0.853 with an average of 0.695. Noori and Jaafar (2011) studied different crest
shapes of rectangular side weirs on their hydraulic performance. Results shows that the
average difference of energy between two ends of the side weir is very small (less than
1%) which neglected. Linear variation for coefficient of discharge and Froude number in
upstream side, coefficient of discharge and ratio of upstream water depth to weir height,
and discharge coefficient with the ratio of upstream head above crest-to-crest radius were
detected. Lee et al.,(2012) was experimentally studied a compound of regular notches
sharp-crested weir, the combination of a trapezoidal weir, sloping crests and a rectangular
weir. The discharges and velocity distributions over the weir were measured varying the
upstream head. it was found that the kinetic energy correction factors decreased with
increasing the head of the weir. The weir behaves as uniform flows passing over the weir
under the conditions of the (flow depth/height of the trapezoidal weir with sidewall angle
0, 2>1.5).

Arvanaghi and Oskuei (2013) performed experimentally a study of rectangular
sharp crested weirs, and the influence of high Froude number and Reynolds number on
discharge coefficient. In order to conduct a numerically parametric study with constant
coefficient of discharge, the CFD commercial software Fluent v. 6.2 was used. the
Fluent output devoted accurate modelling of flow through this weir types, for a specific
value of three dimensionless parameters of weir height, Froude number and Reynolds
number, discharge coefficient is tending to the fixed value of 0.7.

Habib (2013) introduced laboratory approach to investigate influence of the flow
coming from the opening of the weir and the effect of the relative diameter of the opening
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which used to convey much water to the downstream side on the hydraulic jump formed
in a rectangular basin downstream the weir, also to develop equations to obtain the jump
characteristics for the adopted case of the study.

Weir aeration occurs in rivers and water treatment processes. Frequently, the
hydraulic head is available normally and attains null operating cost. In certain instances,
however, self- aeration of weir is economically competitive with alternative technology
as surface self-aeration, despite the costs of pumping energy were counted. The water
flow through a weir or over waterfall structures was classified as a free jet just before
breaking up into drops. Normally, almost the oxygen transfer is carried out in such type
of structure throughout the breakdown of the jet, and the channel bed subjected to impact
due to subsequent free jet. Moreover, due to increases in the hydrostatic pressure on the
entrainment air bubbles the depth of the downstream water pool could be increased the
absorption (Baylar, 2000).

Emiroglu (2006) reviewed and compared studies for self-acration efficiency on
the smooth and stepped chutes, in order to decide highly effective aerators in streams,
rivers, constructed channels, and water treatment plants. Results showed based on the
strong turbulent mixing associated with substantial air bubble entrainment, the stepped
chutes are very efficient at oxygen transfer, especially in napped flow, which becomes
more evident. Anandraj (2012) investigated hydraulic jump aeration efficiency beyond a
sluice gate in laboratory tilting flume for various range of channel slopes and flow rates.
Results indicated a linear correlation between the hydraulic jump aeration efficiency and
the rate of energy dissipation per unit width of the channel. Present work looks at the
hydraulic performance of notches, tests are carried out experimentally, and in particular,
the effect of weir compound of regular notches to identify hydraulic characteristics,
which are summarized as:

1- Discharge coefficient of proposed models.
2- Efficiency of dissipating flow energy.

3- Relative length of the hydraulic jump.
4-Self-aeration of notches.

2-Materials and Methods

Tests have been conducted for this research in the laboratory of hydraulic division
in department of civil engineering, college of engineering, University of Babylon. The
experimental flume as shown in figure(1) used in this study was 10m long with an
adjustable slope,0.3m width, and 0.45m depth. The channel consisted of toughened glass
walls of 10mm thick, and a stainless steel floor.Two movable carriages with point gauges
with accuracy of (0.5mm) were mounted on brass rails at the top of channel sides to
measure the heads over weir and downstream the hydraulic jump.Water was supplied
from a sump tank by a centrifugal pump with a maximum capacity 40 //sec., raising water
by pump from the storage tank to the flume then returns to ground tank by vertical outlet
located in tail of flume. A flow meter was used to measure volume of flow. Flume bed
was maintained at a horizontal slope during the tests.
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Figure (1. y

Eight notches models were used to carry out the experimental work, these models
were manufactured from a 10mm thick plywood sheets of the dimensions(40cmx30cm),
which includes a standard rectangular notch and triangle notch with three different angles
of (45°, 60°, 90), in addition to compound notch models as shown in figure (2). All
models dimensions and their designations are shown in Table (1) below.

Figure (2): Notches models used in this study

3- Theoretical Analysis
3-1Coefficient of Discharge (Cd):
The equation governing flow through weirs is given by (Arvanaghi, 2013):
o=kH" (M)
In which;
Q: is the flow rate (L*/T).
k: is a parameter related to weir geometric shape and size.
n: weir shape number in which (n= 1.5 for rectangle weir notch; and n= 2.5 for triangular
weir notch).
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Table (1): Main characteristics of standard and compound notches

: Dimensions (cm
Weir Model Model No. Height Width o Weir angle
Rectangular 1 25 20.0 --
1 25 20.7 45°
Triangle 2 25 28.8 60
3 25 30.0 90
Compound of regular notches 1 25 20.0 120°
Rectangle + Triangle 2 25 20.0 130
Compound of regular notches 1 25 20.0 60
Rectangle + Trapezoidal 2 25 20.7 90"

According to (Henderson,1966), for rectangular sharp-crested weir, the head-
discharge equation is:

0 =§Cd,/2gWH”2 ----- )

In which;
W: is the crest length of the weir (L).
Cd: is the coefficient of discharge.
g: the gravity acceleration (L/T?).
H: is the effective water head above weir crest (L).
According to (Piratheepan et al., 2006), the basic equation for a triangular sharp
crested weir expressed as:

0= %Cd«&g tangH” ----- 3)

In which;
0: is the notch angle.
For trapezoidal weirs, the flow equation is as follows (Lee et al., 2012):

0= %Csz gH* (L, +%H tand) - 4)

Where;

Cd: is the discharge coefficient.

H: is the head (L).

L;: is the bottom width of the cross section (L).
0: is the side slope angle.

Because a large discharge requires more depth as compared to other weirs and
flumes for the same discharge. Therefore, measurement errors associated with the depth
measurement have a significant effect on the discharge estimation. A compound weir and
circular weirs both measure small discharges accurately while also having the capacity to
measure the large discharge without large head requirements (Erickson et. al.,2013).

Jan et. al., (2006) experimentally studied four compound sharp-crested weirs, and
confirmed that the linear combination method for developing the discharge equation
of compound sharp-crested weirs is reasonable(quoted from Lee et. al., 2012).A
schematic diagram of the proposed compound rectangle and triangle notch was illustrated
in figure (3).The cross section of the proposed compound weir consists of two areas,
including areas Arect, Awi, theoretical discharge equation for the compound of regular
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notches weir was derived by linear combination of basic head-discharge equations for
triangular and rectangular notches.

Figure (3): Definition sketch for notch of rectangle and triangle geometries
When the head was above the lower part of the weir (H >Yy), the discharge
equation of compound notch of rectangle and triangle can obtained as follows:

— 8 0 2
0 - ng[gtangmf“ L —m“} ----- 5)
In which;

Q,: Total discharge for compound of regular notches weir of rectangle and triangle
notches (L*/T).
L,: Total length of horizontal crest of rectangular weir (L).

Equation (5) can combined into a single global discharge coefficient (Cd;), and
the resulting actual discharge relation is:

0, = 1/2ng, [%tang(Yw)m +§L,(H —YW)”} ----- (6)
In which;

0:: Total actual discharge for compound of regular notches weir of rectangle and triangle
notches (L*/T).

Cd,: discharge coefficient for compound of regular notches weir of rectangle and triangle
notches. General definition sketch for the proposed compound of regular notches weir of
rectangle and trapezoidal notches was showed in figure (4).The cross section of weir
consists of two areas, including areas Arect, Arap.

Lr y
Atrap.
,/// L1 ////

Figure (4): Definition sketch for compound notches of rectangle and trapezoidal
geometries
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When the head was above the lower part of the weir (H >Yy), theoretical
discharge equation obtained by the discharge relations of one trapezoidal weir with side
slope angle (0) and a rectangular weir as follows:

Qf;b%%ggﬁ&p“+%ﬁ“@ﬁ§nﬁmm} ----- (7)

In which;

0, : Total discharge for compound of regular notches weir of rectangle and trapezoidal
notches (L*/T).

Equation (7) can combined into a single global discharge coefficient (Cd>), and the
resulting actual discharge relation is:

QL:J%ﬂﬂ{%LJH—KQ”+§Yj%Q+§Kﬁmﬂﬂ ----- ®)

0,: Total actual discharge for compound of regular notches weir of rectangle and
trapezoidal notches (L*/T).

Cd,: discharge coefficient for compound of regular notches weir of rectangle and
trapezoidal notches.

The discharge coefficient (Cd) taken as the ratio of actual discharge to the theoretical
discharge, thus:

Cd = Qactual _____ (9)

cheor.
3-2 Energy dissipation efficiency:

Applying energy equations between two sections in upstream, and in downstream of
weir, we get:

V2

E=H+%- (10)
2g
)2

E,=Y,+2%~ (11)
2g

In which;

E}E,: are the flow energy at the upstream weir and at the downstream of hydraulic jump
respectivly (L).

Y,: water depth downstream hydraulic jump (L).

V1,V>: flow velocity in upstream and downstream respectively (L/T).

Thus, the ratio of energy dissipation may expressed as follows:

o R T S — (12)
1
3-3 Self-aeration efficiency:
Kucukali and Cokgor (2009) presented linear relationship between the efficiency
of self-aeration and rate of energy dissipation as shown below [quoted from Anandraj,

2012]:

AE=0.00150+001 e (13)
Where:
o=qAHy, e (14)

o: is the rate of energy dissipation for unit width of channel (Watt/m).
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g: is the rate of flow of water for unit width of channel (L*/T/L).
vwiis the specific weight of water(F/L?).
AH: is the losses in head through hydraulic jump (L).

2 2
N i — (15)
2g 2 2g

4- Analysis and Discussion of Experimental Data

The analysis of experimental data intended to check the continuity of flow over
the compound notches. Studying the flow characteristics such as the effect of primary
Froude number (Fr;) and headwater ratio (h./Py) on the discharge coefficient for standard
and compound of regular notches weir, the energy dissipation ratio (E%), self-aeration
efficiency (AE%), and relative length of hydraulic jump (L;/Y,), which can be detailed
as:
4-1 C4 versus (Fr;_and hy/Py): The relations between discharge coefficient (Cg)
and Froude number (Frj) is shown in figures (5 and 6). From these figures it can
be seen that for each V-notch angle (0), (Cq) increases as (Frj) increase. In
addition, when V-notch is acute a maximum value of (C4) can be reached for
acute angle of (45°) and decrease as V-notch angle increase as for (6=90°).
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1.75 |—@— Rectangle Notch
150 4 O o5
9 0=60° ¢ Triangle Notch
x 0=90° ="

1.25

1.00 un

0.75 —+
0.50 —+

Coefficient of Discharge,Cd

0.25 —+

0.00 T T T T T T T

4 5 6 7 8 9 10 11 12
Primary Froude Number,Fr1

Figure (5): Relation between discharge coefficients (Cg4) and Froude number (Fr,) for
standard notches
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Figure (6): Relation between discharge coefficients (Cg4) and Froude number (Fr,) for
compound notches
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From figure (6) when compound rectangular and triangular notch is used,
the lower V-notch is obtuse a maximum (Cq4) can be reached for an obtuse angle
(120°). Rapid increase in coefficient of discharge as v-notch angle (6=130°) for
low values of primary Froude number (Fr;<6.3).For compound notch of
rectangular and trapezoidal, the notch is obtuse (607,90") a slight increase of (Cq)
as (Fr)) increase.

The relation between discharge coefficient (C4) and the parameter (h,/Py) was
plotted in figures (7 and 8), figure (6) shows that (Cq) increases as (hy/Py) increase, and
maximum (Cq) can be reached at (h,Py=0.7) for V-notch angle of (90°), but (Cg)
decreases for rectangular notch compared with both acute and obtuse V-notch.

1.6
Standard Weirs
14
8 —@— Rectangle Notch
g 12
s
- * %
§ 1.0 p *ox
a2 08 E
S
o
E 0.6 |
£ - e
g 5 6=60° Triangle
O 02 4 5 Notch
- 0=90°
0.0 T T T T T T
0.4 0.5 0.6 0.7 0.8 0.9 1.0

hw/Pw

Figure (7): Relation between discharge coefficients (Cq) and (hy/Py,) for standard notches

From figure (8) when the parameter (h,/Py,) increases, the (Cq4) decreases for both
angles of triangle notch of compound of regular notches, a minimum (Cg4) can be
recognized at more détente of V-notch angle. For the compound notches of rectangular
and trapezoidal, the maximum (C,4) can be reached approximately at (hy,Py=0.83) for a
both angles of (607, 90°), beyond this value (Cq) decreases slightly as the parameter
(hy/Py) increased.

0.85 Compound Weirs
o| R !

3 015 —B-0=120°] Recnele
g"; —@—0=130° Triangle
E 0.65 + 0=60° Rectangle
2 X 6=90° | Traperoidal
<] ° | Trapezoidal
a 0.55
S
et *
£ 045 1
5]
b= . 7
8 0.35

0.25 T T T T T T

0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95
hw/Pw

Figure (8): Relation between discharge coefficients (Cq) and (hy/Py) for compound
notches
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4-2 Energy Dissipation Ratio (E%) for Compound of regular notche Weirs:

Figures (9, and10) Shows the effect of notch angle (0) and Froude number (Fr))
on energy dissipation ratio E% for standard weirs. In figure (9), E% approximately
increases linearly when (Fr;) increases for the rectangular notch, while for the V-notch
models (E%) increases rapidly with a small difference with the increase of (Fr;) for the
acute notches (45 ,60), whereas for obtuse notch (90°),E% was decreased significantly
when (Fr;) was increased. Figure (10) shows that when (Fr;) increases, the (E%)
increases linearly for both angles of lower triangle of compound notches. A higher value
of (E%) can be obtained at the small V-notch angle of (120°), while for the compound
notches of rectangular and trapezoidal, (E%) changes are not valuable for a small range
of (6.5< Fr;<8.0) for a both studied angles.
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. 80 ™= 2
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52 0 n P 69| ¥ 0760 Notch
= 60 . o ©° 0=90°
S x o8 ° ;
= 50
.§ ¢ * x ¥k owex *
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%’3 20 1 W
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Figure (9): Relation between energy dissipation ratios (E%) and (Fr;) for standard

notches
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Figure (10): Relation between energy dissipation ratios (E %) and (Fr;) for compound
notches

4-3 Reduction of Hydraulic Jump Length (L;/Y;):

Figure (11) shows the relation between the length of hydraulic jump to the initial
depth of flow ratio (L;j/Y) and (Fr;) for standard notches, as can be seen from this figure
(Liy/Y1) greatly depended on (Fr;). For small Froude numbers the amount of (Ly/Y)) is
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low for all V-notch angles, while large value of Froude numbers(Fr;>6.0) showed
linear variation for the rectangular notch, and higher value of (Lj/Y:) can be obtained
from (6=60°) V-notch. Figure (12) reveals that when (Fr;) increases, the (L;j/Y1) decreases
for both angles of compound notch of rectangular and triangle, a low value of (Ly/Y) can
be obtained at the small V-notch angle of (120°), while for compound notch of

rectangular and trapezoidal with (6=60), produced rapidly increase of (Ly/Y1) as (Fry)
increased.
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Figure (11): Relation between hydraulic jump length ratios (L;/Y1) and (Fr;) for standard
notches
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Figure (12): Relation between hydraulic jump length ratios (L;/Y) and (Fr;) for
compound notches

4-4 Aeration Efficiency of Compound of regular notch Weirs (AE %):

Figures (13, and 14) show the variation in the self-aeration efficiency (AE %) of
standard notches with Froude number (Fr;). Although the change in discharge is constant,
experiments with rectangular and triangular notches indicate that the discharge is the
most important factor influencing on the self-aeration efficiency. The aeration efficiency
varies with (Fr;) according to the weir angle. Figure (13) shows significant increase with
(AE %) as (Fry) increased for V-notch angles of (45", 60°), a higher value of (AE %) can
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be reached at the angle of (60°). A notch of (6=90") shows an increase of{ AE%) for small
values Froude number (Fr;<6.5), but for larger values of (Fr;), the values of (AE %)
decreases. Figure (14) shows relation between (AE %) and (Fr;) for compound notches.
The (120°) compound triangular and rectangular notch shows an increase of (AE %) with
increased values of (Fr;) values, while at low values of (Fr;), the (130°) compound notch
produced the minimum values of the (AE %). No significant changes of the self-aeration

efficiency (AE %) produced by compound notches of rectangular and trapezoidal for all
studied angles.
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T 0] X et
3 -
% —B- 0=60 Triangle Notch
g 5] A 0=90°
=
= *
g 10
= A A
2
< 54
*
* A
0 T T T T T T T
4 5 6 7 8 9 10 11 12
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Figure (13): Relation between aeration efficiency (AE %) and (Fr)) for standard notches
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Figure (14): Relation between aeration efficiency (AE %) and (Fr;) for compound
notches

The experimental results and discussion of the present work showed that the 45° V-
notch produces higher energy dissipation percentage. For 120° compound rectangular and
triangular notch produced suitable hydraulic performance in which E% increased up to
(35.861%) and AE% (33.53%), therefore the mathematical models derived in this study
will be for these types.
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5- Dimensional Analysis

Based on the open channel flow theory, the important variables among many factors
affecting the coefficient of discharge (Cq), the hydraulic jump pattern or length ratio
(Ly/Y1) and energy dissipation ratio(E%) are Y1,Y2,Pw, 0,Vi,V,,Li,E1,Es,g,p,and p. The
functional relationship for Cd, E%, L;/Y,, and AE% relating the main flow parameters
may be expressed as follows:
f](erYz’Hj’Pw’g’V]’Vz’Lj’El’Ezag’p’,u):0 """ (16)

According to Buckingham’s nt-theorem and considering (Y,g,p) as repeating variables
(Gupta et al., 2013), the following dimensionless groups developed:
q,(ﬁﬂiZﬂ&&ﬁﬂmQ]:O
ny nnyynEgh o p
From the present study and based on dimensional analysis it is found that almost all

the hydraulic characteristics are the function of Froude number (Fr;), Reynolds number
(Re;), and notch angle(0).

Y 0
C, =f|Fr,—~,tan—| 18
; fz( o 2] (18)
E%=f, Fr,,Re,,E,tanQ ————— (19)
Y 2
L, H. 0
£ =f| Fr,Re,,—~,tan—| 20

Mathematical models were developed by multiple nonlinear regression analysis
for experimental data using (IBM SPSS Statistics 20.0), the performance of the models
developed in this work was evaluated based on standard statistical criteria. The statistical
measures adopted in this study were the multiple coefficient of determination, and
standard error of estimate denoted R’ and SEE respectively. From the basis of nonlinear
fitting between different hydraulic characteristics and dimensionless group developed
herein, the following models were obtained for:

5-1 Standard V-Notch for 30°< 0 <90°:

C, = 0.651(Fr,)" (10 (tan g)o.szl [R’=0.829; SEE= 0.0773] - 1)
E% = 25.519(Fr)"* (Re,) '™ (%)-0-”"’ (tan %)-0-46* [R’=0.987; SEE=1.299] - (22)
L

L =9.128x 1074 (Fr,) ™ (Re,)>™ (i)'-'“ (tan Q)”” [R’=0.876; SEE=1.437] ---- (23)
Y, Y, 2

5-2 Notches Compound of (Rectangle and Triangle) for 6=120°, 130°:

C, = 0.795 (Fr)™" (23 (tan g)ws [R’=0.994; SEE=0.011] - (24)

w

E% =3.047 x 1078(Fr1 )2.056 (Re | )2.180 (%)70.420 (tan %)—0,294 [R220.984’ SEE:5.188] R (25)

% =—0.606(Fr,)+9.762(Re, ) + 27.432(%) —4.159(tan§) [R*=0.981; SEE=0.4627] ---- (26)

1 2
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6-Validation for the Proposed Empirical Models:

The present model equations (21, and 24) for coefficient of discharge are
validated using the plot of predicted value of Cd with experimental values of Cd for both
V- notch and compound of rectangle and triangle, as shown in figures (15, and 16)

respectively.
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Figure (15): Validation of predicted and experimental values of coefficient of discharge
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Figure (16): Validation of predicted and experimental values of coefficient of discharge
for compound rectangle and triangle notches

All data points lying within 10 percentage of the best-fit curves, which reveals
good fitting of present model equations.
The present model equations (22, and 25) for energy dissipation ratio (E %) are
validated using the plot of predicted value of (E %) with experimental values for both V-
notch and compound of rectangle and triangle, as shown in figures (17, and 18)

respectively.
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Figure (17): Validation of predicted and experimental values of energy dissipation ratio
for standard V-notches
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Figure (18): Validation of predicted and experimental values of energy dissipation ratio
for compound rectangle and triangle notches

All data points lying within £10 percentage of the best-fit curves, which reveals
excellent fitting of present model equations.
The present model equations (23, and 26) for hydraulic jump length ratio are
validated using the plot of predicted value of (L;j/Y) with experimental values of (Ly/Y)
for both V- notch and compound of rectangle and triangle, as shown in figures (19, and

20) respectively.
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Figure (19): Validation of predicted and experimental values for hydraulic jump length
ratio for standard notches
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Figure (20): Validation of predicted and experimental values for hydraulic jump length
ratio for compound notches

Most of data points lying within +10 percentage of the best-fit curves, which shows

fair fitting of present model equations.

7- Inferences
The conclusions reached based on results obtained are:

[A] For the standard notches:

1-The percentage of energy dissipation ratio decreased with increasing angle of V-notch
for all (Fr)) and (Fr;). The V-notch models has given higher percentage to dissipate
the flow energy than the rectangle notch.

2-Increasing the angle of V-notches produces flow turbulence, which causing an increase
of roller length of the hydraulic jump and the growing of flow turbulence.
Consequently, the flow energy dissipation reduced.

[B] For compound regular notches:

1- Less energy dissipation by increasing angle of lower triangle of compound rectangular
and triangle notch, as well as the length of each of the hydraulic jump and roller.
The hydraulic jump type reflected the turbulence in the flow, which is increasing
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with the decrease in the angle of lower notch. The water retention rate of air in the
first case is greater than the second case.

2- Less energy dissipation significantly with the increase in side slopes of compound
notch of rectangular and trapezoidal, but the decrease in the length of the hydraulic
jump with side slope be less. The variation between (Fr;) and (Fr2) side slopes
would be very small and that reflected directly on the uniformity of the hydraulic
jump and stability of the flow. The water retention rate of air to be close for both
weir models.

3- Finally, and depending on the percentage of energy dissipation ratio of flow for all
models tested in the present work, the V-notch of (6=45°) can be inferred that gives
the higher percentage to dissipate the energy of flow, but less aeration of hydraulic
jump. Whereas according to general hydraulic Performance, the compound of
rectangular and triangular notch of (6=120°) was adopted as suitable hydraulic
model which resulting (E%=35.861%) and (AE% = 33.53%).

References

Abdel-Aal, G.M., El-Saiad, A.A., and Saleh, O.K., 1998. “Hydraulic Jump within a
Diverging Rectangular Channel.” Engineering Research Journal, Faculty of
Engineering, Helwan University, Mataria, Cairo, Vol. 57, pp. 118-128.

Anandraj, A.,2012.”Investigational Study on Self Aeration Characteristic of Hydraulic
Jump”,IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE), Volume
4, Issue 2,pp.27-31,( www.iosrjournals.org).

Arvanaghi, H., Oskuei, N. N., 2013.” Sharp-Crested Weir Discharge Coefficient”,
Journal of Civil Engineering and Urbanism, Volume 3, Issue 3, pp.87-9,
www.science-line.com/index).

Baylar, A., Bagatur, T.,2000.”Study of Aeration Efficiency at Weirs”, Turkish Journal of
Engineering and Environmental Sciences, Turkish J Eng Env Sc, Vol.24, pp.255-
264.

Emiroglu, M.E., and Baylar, A.,2006.” Self-Aeration in Smooth and Stepped Chutes”,
International Journal of Science & Technology Volume 1, No 2, pp.105-113.

Erickson, A.J., Weiss, P.T., and Gulliver, J.S.,2013.”Optimizing Storm water Treatment
Practices: A Handbook of Assessment and Maintenance", Springer Publishing, New
York, NY, USA.

Gupta, S.K., Mehta, R.C., and Dwivedi, V.K.,2013.” Modeling of Relative Length and
Relative Energy Loss of Free Hydraulic Jump in Horizontal Prismatic Channel”,
Procedia Engineering, Vol.51, pp.529-537, Elsevier Ltd.

Habib, A.A., 2013.” Effect of Weir Opening on Hydraulic Jump Characteristics D. S. of
the Weir”, Minia Journal of Engineering and Technology, (MJET), Vol. 32, No 1,
pp49-61.

Hayawi, H. A. M., Hayawi, G. A. M., and Alniami, A.A.G., 2009.” Coefficient Of
Discharge for a Combined Hydraulic Measuring Device”, AL Rafdain Engineering
Journal, College of Engineering, University of Mosul, Vol.17, No.6, pp. 92-100.

Hayawi, H. A., and AL-Talib, A.N.,2008.” Laboratory Study of Flow Energy Dissipation
Using Stepped Weirs”, (in Arabic), AL Rafdain Engineering Journal, College of
Engineering, University of Mosul, Vol.17 No 4, pp.42-51, Iraq.

Henderson FM. 1966. “Open-Channel Flow”, Macmillan, New York, pp.269-277.

Jan CD, Chang CJ, Lee MH, 2006. Discussion of “Design and calibration of compound
sharp-crested weir”, J. Martinez. J. Hydraul. Eng., Vol.132, No.8, pp.868—871.

54



Journal of Babylon University/Engineering Sciences/ No.(1)/ Vol.(24): 2016

Kucukali, S. and Cokgor, S., 2009. “Energy Concept for Predicting Hydraulic Jump
Aeration Efficiency”, Journal of Environmental Engineering, ASCE, Vol.135, No.2,
pp-105-107.

Lee, J. T., Chan, H.C., Huang, C.K., and Leu, J.M., 2012.” Experiments on Hydraulic
Relations for Flow over a Compound Sharp-Crested Weir”, International Journal of
Physical Sciences, Vol.7, No.14, pp.2229-2237, (www.academicjournals.org/IJPS).

Noori, B. M.A., Jaafar, R.A., 2001.” Crest Shape Effect on the Performance of
Rectangular Side Weirs”, AL Rafdain Engineering Journal, College of Engineering,
University of Mosul, Vol.19, No.5, pp.87-106.

Piratheepan, M., Winston, N.E.F., and Pathirana, K.P.P.,2006.”Discharge Measurements
in Open Channels Using Compound Sharp-Crested Weirs”, Joural of the
Institution of Engineers, Sri Lanka, ENGINEER - Vol. XXXX, No. 03, pp. 31-38.

55



