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ABSTRACT

In this paper, an experimental study was carried out to investigate the
characteristics of flow through inclined finite hump in a sloping rectangular open
channel of constant width., Experiments were conducted with bed slopes of 0.00,
0.005, 0.010, 0.015, 0.020 and 0.025, and hump angles of 15°, 30° 45°, 60°, 75" and
90° and refative heights, of 0.1, 0.2, 0.30, 0.40, 0.05 and 0.60 to study the variation
of the energy loss and relative water depth with the main parameters affecting the
finite hump in sloping channel. These parameters include the channel bottom slope,
the upstream Froude number, downstream Froude number, hump angle and
relative height. Non-dimensional design curves are provided to relate the flow
characteristics. The results show that, the rate of variation of the energy loss
increases till a finite hump angle of about 30°, This rate of increase decreases
behind this value of angle of finite hump. The energy loss increases with the
increase of bed slope and relative height ratio. The energy loss is quite high at a
relative height of 0.3. The effect of all parameters on the energy loss through the
inclined finite hurmp analyzed and discussed.
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1. INTRODUCTION:

Open channel transitions have been
extensively studied because of its
applications in water engineering and
their efficiency in reducing the energy
loss in hydraulic structures. The
design of most of the hydraulic
structures necessitates a contracted
stream to achieve the least cost
structure if the location is technically
feasible. The change in the cross
section disturbes the flow within the
contracted reach and near to it from
both upstream and downstream. The
change in the channel cross section,
slope, and/or alignment over a
specified reach is termed local
transition. Such channel transitions
are mainly used to avoid or minimize
the excessive energy loss, to eliminate
the cross waves, the resulting
turbulence, and to ensure safety of
both the structure and the
downstream channel reach, see e.g.
Hinds [1], ippen |2] and Engelund [3].
Also, local channel transition may
change the flow regime in the channel
at a particular location through or
beyond the transition depéending on
incoming flow rate, contraction ratio
and length of contraction. The flow
through the transition may be
subcritical, critical and/or
supercritical. Each of these types of
flow is preceded by subcritical flow
upstream the transition and may or
may not be followed by a supercritical
flow,

Kindsvater, Carter and Lacy [4]
and Kindsvater and Carter [5] carried
out an experimental investigation to

address the effects of different types of
contractions on discharge
characteristics. Formica [6] tested
various design for channel transition
(contraction and expansion) and the
main results of his work are presented
in Chow |7|. Vallentine [8]
investigated the effect of thin plate
contraction placed normal to channel
axis. His observations covered data
that include different regimes of flow.
Laursen |9] studied the contraction
coefficient at sudden expansion at
bridge locations at the different types
of flow. It was found that the
contraction coefficient varies between
0.7 for about 30% contraction ratio
and 1.0 for no contraction. Hager and
Dupraz [11] derived a theoretical
equation for obtaining the coefficient
of contraction in terms of the
conftraction ratio, the inlet angle of the
contraction, and the length ratio of the
contracted reach. Alsamman |[10]
investigated the effects of the inlet
angle of transition, contraction ratio
and transition length ratio on the
coefficient of contraction. Attia
[12]investigated experimentally the
effect of variable tail water conditions
at the same discharge on the energy
loss through sudden lateral transition.

In the present investigation, the
effects of relative height, bottom slope,
finite hump angle and Froude number
on the energy loss through the inclined
finite hump of the sloping channel are
addressed based on experimental
observations.
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2. EXPERIMENTAL SET UP AND
TEST PROCEDURE

The measurements were carried
out in sloping rectangular open
channel that is 9500mm long, 300mm
width and 500mm height with glass
wall 6mm thick and a stecl plate bed.
Fig. 1 depicts [ayout of the test facility.
The water is supplied from a constant
head overhead tank to the flume at a
desired discharge that is continuously
monitored with an on-line orifice
meter. The flume side walls are made
up of 6mm thick glass sheets. A tail
vertical gate is provided at the
downstream and of the flume to
maintain a requived water depth of
channel flow, The water is {inally
collected in a sump placed in the
basement from where it is pumped
back to the overhead tank by a 16. HP
pump. Depth measurements were
taken using a needle point gauge with
a reading accuracy of + .lmm,
Uniform flow conditions were reached
using a carclully designed inlet tank.
The slope was adjusted using a screw
jack located at the upstream cnd of
the flume while at the downstream
cnd, the flume is allowed to rotate
freely about a hinged pivot. The slopc
was directly determined using a stope
indicator. A downstream adjustable
gate was used to regulate the (tail
water surface clevation, The inclined
finite hump with different angle of
variations of 15°, 30°, 45°, 60°, 75° and
90° were fabricated from transparcnt
perspex sheets.

3. THEORETICAL
CONSIDERATIONS:

Figurc 2, shows a definition sketeh
of flow through inclincd finite hump
in sloping rectangular channel, The
variables affecting the flow through
the inclined finite hump are shown in
the figure and cxplained. The
functional relationship of the energy
loss through transition could be
written as follows:

fl(vll’g‘SYll)ll)bjAE,So):O ........ (I)

Using the dimensional analysis, (he
following dimensionless relationship is
obtained:

AL I b
= F, y
Yu Ja ( Yo Y

Kceeping in mind the properties on the
non-dimensional quantitics in  the
following expression could be obtained
from Eq. (2)

AL N

- = fJ ( Fu’

yu b b SIJ 'Je )

e (3)
It may appear better to analyze the
encrgy loss through the transition as a
ratio rclated to the upstream energy,
E.. Thercfore, the E, is usced instead of
y, in the left hand side of equation (3)
which becomes:

?—;uz = fd ( Fus%sws Soae )
(4)

The energy loss is computed using the

following expression:

E,=Ep+ AE PR ¢

Equation (5) may be rearranged to
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F.' =2 |(yo/yu -1) + AEly,| / |1-1/ (b,
o/ be y)| US|

The above equation represents the
relationship between F,, yp/y, and
AEly, as parameters

Again, equation (5) can be written as
follows:

AE!EU = )’u/En |(1+Fuz-‘{2) - )JD’!Yu + Fuzfl
(bo/by)” (yo/y)’]
Also, Eq. (7) represents the
relationship between the efficiency
(EyW/E, = 1- AE/E)), AE/E,, F, , and
yo/Ys as parameters.

* From continuity equation

F.’= (bp/by)’ (yo/ys)’ Fo’ oo (8)

The above e¢quation represents the
relationship between F,, Fp and yp/y,
as parameters.

in which

E, and E, = Specific energy upstream
and downstream the hump
respectively,

AE= Total energy loss between
upstream and downstream sections.

yoand yp= Water depth upstream and
downstream the hump respectively.

b, and bp = Bed width upstream and
downstream the hump respectively.

VY, and V¥V, = Velocity upstream and
downstream the hump respectively.

F, and F;,, = Froude number upstream
and downstream the hump
respectively.

h = Finite hump height .
S. = Channel bed slope.
O = Transition angle,

By knowing cither the valuc of
velocity or depth upstream,
downstream the hump, cocrgy loss
can be calculated by using cquation (5)
for the known values of different bed
slopes, different bump angles and
different contraction ratios.

4. RESULTS AND DISCUSSION

The variation of the relative energy
loss AE/E, with hump angle O for
different relative heights h/b = 0.1, 0.2,
0.3, 0.4, 0.5, and 0.6 are presented in
Fig 3 (a) , (b) and (c¢) for different
tested bed slope So= 0.0, 0.015 and
0.025, respectively. From the figures,
it can be observed that for a fixed So,
the trend of variation between © and
AE/E, is increasing with a nonlinear
trend. Also at a particular O, AE/E,
increases as the relative height h/b
increases. The energy loss is the least
value for h/b of 0.1 and a maximum
value for h/b of 0.6. It is relatively
small up to the relative height h/b of
0.3. The rate of increase in energy loss,
Fig.3, is almost the same between the
relative height 0.1 and 0.2, and 0.2 and
0.3, it has the [.5 value between the
relative height to 03 and 04. It
increases to about 2 times between 0.4
and 0.5 and almost 3 times between
0.5 and 0.6 as compared to the
increase in loss between the h/b of 0.1
and (.2. The trend is almost the same
for all other relative height.

As the angle of inclined hump ©
increases up to 35° the rate of increase
in the AE/E, is relatively high for ali
the h/b, being very high for the h/b of
0.6. Above ©= 35° ,the increase in the
energy loss is much  slower,
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Particularly for © greater than 45° at
which the AE/E, is almost constant for
all practical purpose. This figure
indicate that the slope has a
remarkable effect on the energy loss.
With increasing bed slope, the energy
loss is increased.

Similarly, the variation of bed
slope S, with AE/E, for different h/b is
shown in Fig.4 (a), (b) and (c) for O=
15° 45°, and 90° respectively. From
this figure, it can be observed that for
a fixed O, the trend of variation
between S, and AFE/E, is increasing
with nonlinear trend. Also, at a
particular S, , AE/E, increases as h/b
increases.

The variation of AE/E, with F,
for different relative height ‘h/b are
presented in Fig.5 (a) , (b) and (c) for
Se= 0.0, 0.015 and 0.025 respectively at
a fixed ©=30°. From this figure, it can
be observed that for a fixed So, the
trend of variation between F, and
AE/E, is increasing with a nonlinear
trend according to Eq. (7). Also, at a
particular F,, AE/E, increases as the
relative height h/b increases.

Figure 6 (a) , (b) and (¢
presents the variation of AE/E, with ©
for different h/b for S,= 0.0, 0.015, and
0.025 respectively. From this figure, it
can be observed that for a fixed §,, the
trend of variation between AE/E, and
O is a nonlinear trend. Also, at a
particular ©., AE/E, decreases as h/b
increases.

Also Figure 7 (a), (b) and (c)
depicts the effect of the channel slope

So on the Ey/E, at different h/b for O=
15° 45° and 90° respectively. From

this figure, it can observed that for a
fixed O, the trend ol variation
between S, and Ey/E, is a nonlinear
trend. Also, at a particular S,, EW/E,
increases as h/b decreases.

Similarly, the variation of Fu
with the efficiency Ey/E, for different
h/b is shown in Fig.8 (a) , (b) and (c)
for S,= 0.0, 0015 and 0,025
respectively at a tixed ©= 30°. From
the figure the family of curves are
similar hyperbolas of a higher order.
Under the same value of Fu, the values
of efficiency increase with the
decreasing value of h/b. Also, with the
same value of h/b, the value of h/b, the
value of efficiency increases with the
decreasing value of the F,.

Fig.9 (a), (b) and (c) depicts a
variation for F, and F, for different
h/b for S,= 0.0 , 0.015 and 0.025 at a
fixed ©O= 30°. The relationship
between Fu and Fp is a family of
curves which are similar hyperbolas
of a higher order according to Eq. (8).
It can be shown from the figure that
with the same value of h/b, the value
of Fp increases with the increasing
value of F. Also, with the same value
of F,, the value of Fy increases with
the increasing value of h/b. From the
figure, it is observed that an extension
of the lower sides of the curves
through the point (F,=0 , Fy=0) gives
the hydrostatic case

Also, the wvariation of the
submergence vyp/y, with F, for
different h/b is shown in Fig. 10(a) , (b)
and (¢) for S,= 0.0, 0.015 and 0.025 at
a fixed ©=30". it is clear that, with the
same value of h/b, the value of yp/y,
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increases with the deceasing value of
F.. Also, with the same value of F, the
value of yy/y, increases with the
decreasing value of h/b . Fig. 10
demonstrates a family of curves,
which are similar hyperbolas of a
higher order By extending the lower
sides of the curves through the point
(F.= o, yp/y,=1) the hydrostatic state
prevails, On the other hand, an
extension of the upper limbs of the
earlier curves gives the critical
condition at the downstream section,

5.CONCLUSIONS:

An experimental investigation is
conducted on the flow characteristics
through inclined finite hump in
sloping rectangular open channels. It
is concluded that, looking at the
variation of the energy loss AE/E, with
range of hump angles, it appears that
up to ©=30" and decreasing the angle
of hump, the energy loss decreases,
but above this hump angle ©=30° the
effect of the boundary is insignificant.
The energy loss is quite high if the
relative height h/b =.3. The energy
loss increases rapidly up to ©=30°and
trends to remain constant above
0=45".Thus, ©=30° appears to be
critical defining a border value
between the maximum energy loss and
the value up to which energy loss
increases rapidly as © increases from
0’ to 30°. The results indicate that, the
most significant differences in energy
loss occur with transition angle in the
range less than 45°. The total energy
loss AE/E, increases with increasing
values of initial Froude number F,,
relative height h/b and channel slope
Se. Also, it is concluded that the

relative water depth is a function of
the initial Froude number and the bed
slope. In all cases, the relative water
depth increases nonlinearly with the
increase of the initial Froude number
and/or the increase of the bed slope.
the initial Froude number, the hump
angle and bed slope have major effect
on the energy loss. Set of equations are
presented in terms of the initial
Froude number and relative water

depth.
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