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ABSTRACT

A stilling basin is designed to dissipate the kimenergy of the flow by a
hydraulic jump. The main objective of the presemtdyg is to investigate the
free hydraulic jump characteristics created incamgular stilling basin with a
modified guide walls as a current deflector to colrthe hydraulic jump.

A single-vent regulator is tested for differentatele deflection angle of
the guide walls under the same flow conditions. @laracteristics of the jump
formed without the guide walls are compared to ¢holsthe jump formulated
under presence of the guide walls. Theoretical nsofie U.S Froude number
and relative energy losses were derived. The diioeak analysis was
employed to drive expressions correlating the dbffié variables affecting the
free hydraulic jump phenomena. The derived themaktnodels results are in
good agreement with the experimental results. Bindhis study yielded
conclusions which can be recommended in the dgsmigeedure and practical
applications.

Keywords:. Stilling Basin, hydraulic jump, Energy dissipatjoBuide wall,
current deflector.

1. INTRODUCTION

In the design of stilling basins, information igquéred principally with regard to
three characteristics of the hydraulic jump nantaly length, the sequent depths and
the energy losses. Over the decades extensivehdatgabeen gathered for the design
of stilling basins but most of these data are iestt to jumps in rectangular basins.
The U.S. Bureau of Reclamation (USBR) surveyedsthe of knowledge in this field
and presented practical guidelines for the desigdifterent types of stilling basins
Peterka, 1983)[8]. However, geometries different from rectangutanss sections are
often considered for stilling basins. Sometimesierding cross section along the
stream wise direction may be preferred with a serphnsition structure to reduce
cost without sacrificing performance. A diverginglisg basin can easily adapt itself
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to the upstream and downstream conditions in tesfrdepths and cross sections. A
simple expansion of the basin width with straigtallsvis more economical than a
costly transitional structure. Information concemnithe flow in stilling basins of
constant width cannot be easily transferred to gimgcurring in expandinchannels
of non-rectangular cross sectiorgherefore, information to such stilling basins is
required to accurately determine the scale of #hma energy dissipation in the design
of interest.Posey and Hsing (1938)[9] studied the effect of side slope on the
length of hydraulic jumps in a trapezoidal stillifzasin. The study showed that
decreasing side slope increases the length of jurapmparison with jumps in stilling
basins of rectangular cross secti@iskin (1961)[2] obtained a theoretical equation
for the sequent depths of hydraulic jumps in trapgal channels and showed that the
downstream depth is smaller than that for a recti@ngchannel and decreases with
decreasing side slopé&/anoschek and Hager (1989)[11] performed an experimental
study on the characteristics of hydraulic jumpsciannels with a trapezoidal cross
section of side slope 1: 1. They found that tlopisly side walls cause reduction in
the downstream depth, and increases the energgsloasd the length of jump.
Kouluseus and Ahmad (1961)[6] studied experimentally circular hydraulic jumps
and developed a theoretical equation for the sdqiegths ratio in the circular jump
assuming that the surface profile of the jump igdir. The results showed that the
downstream depth and the length of jump decreasktlee energy loss increases in
circular jumps as compared to hydraulic jumps isrpatic rectangular channels.
Arabhabhirama and Abella (1971)[1] studied radial hydraulic jumps in a gradually
expanding channel of rectangular cross section ditergence angles, assuming that
the surfacerofile of the jump is elliptical. The results showed ttiet divergence of the
walls causes reductions in the downstream depthhenéngth of jump and an increase
in the energy loss as compared to the hydrauligpfuim a straight rectangular channel.
Khalifa and McCorquodale (1979)[5] studied radial hydraulipumps in a gradually
expanding channel of rectangular cross sectiondaveloped a theoretical equation
assuming a second degree polynomial for the sugaafle. The results showed that
the divergence of side walls increases the relagivergy losses by about 15% and
decreases the length of jump approximately 30%upstream Froude number greater
than threeOmid (1996)[7] performed an experimental study on the charadesisf
hydraulic jumps in channels with trapezoidal cresstion. He found that the sloping
side walls increase the length of jump and eneoggds and causeductionin the
downstreamdepth. Elfiky (2004)[3] studied free hydraulic jump created DS of

regulators considering the different scenarios ate goperation. They used a solid-
winged deflector. He found that, locating the detfbe within the first quarter of the
stilling basin downstream of piers end gives thestbperformance.Valle and
Pasternack (2006)[10] investigatedsubmerged and freeatural hydraulicjumps
in a bed rock step poomountain channel.EI-Gamel (2001)[4] studied
experimentally the effect of using three lines of angle baffles soour
downstream heading-up structures.

The main objective of this paper is to investigexperimentally the free hydraulic
jump characteristics created in stilling basin watlmodified guide walls as a current
deflector to produce a uniform distribution of flew along the cross section.
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2. EXPERIMENTAL SET- UP

The experimental work was carried out in the Hyticau_aboratory of the Faculty
of Engineering, Zagazig University. The experimenese carried out in a horizontal
re-circulating laboratory flume 30 cm wide, 46.8 daep with an overall length of
15.6 m. The discharge was measured using a piarat@d orifice-meter installed on a
feeding pipeline. The model was made from cleasgex of thickness10 mm. The
length of the approaching channel was 50 cm. Arobstuice gate is made from the
same perspex. The gate is installed 5 cm upstrbarstilling basin. The length of the
apron of the rectangular stilling basin is 100 dihe model DS of gate consisted of
single vent 13 cm wide, and 35.5 cm deep. Trapetaldannel section of bed width
13cm, and side slope (0.25) was fixed DS stilliagib as presented in Fig. (1). The
tailgate at the end of the flume is used to coritreltail water depth. The guide wall of
2.5 cm height, 4cm lateral spacing, and 0.3cm tiesk was located at/L, = 0.35.
Five values of deflection angles were tested &iz. 5.66 °, 7.93°, 10.2°, 17.05 ° and
19.34 °. The experiments covered a range of upstfF@gaud number from (E 1.45 to
8.83).

The following systematic steps are made in condgctihe experimental work: a)
Adjusting the level of tail gate with the desiredaharge and U.S. Fe, b) After the
stability conditions (stable velocity and water they) are attained, the following
measurements are taken: the US water depth, ttial iwiater depth y the sequent
water depth y the tail water depthsyand the length of jump;L

3. DIMENSIONAL ANALYSIS

A dimensional analysis is applied to correlate thifferent factors affecting
phenomena under study and the following functioektionship is obtained:

0=F (L]/y]_, yzly]_, y3/y1, AEZ/E]_, AE3/E1) ................................... (1)

In which: 8 is the guide wall deflection angle; ik the jump length, yis the initial
depth of hydraulic jump, yis the D.S. depth of the jump; is the tail water depth,
AE; is energy losses at the D.S. depth of the juif, € E-E;) andAE; is energy
losses at the tail deptAE; = E;-Es).

4. THEORETICAL STUDY
4.1 The Relative Depth of Jump

Using approach involves the following assumptidghs: flow is steady, the liquid is
incompressible, the pressure distribution is hy@dtos at the beginning and at the end
of jump, the velocity distribution at the beginniagd the end of the jump is uniform.
The turbulence effect and the air entrainment agtatted.

Referring to Fig.(1) which shows the phenomenoreumavestigation.
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Fig. (1) Definition sketch of Experimental Mo

Applying the momentum equation at the control vaduty3 yields:
Pl—P3+P4—P5+PS=%Q(V3—V1) .............................................. 1)

At which, R is pressure force at beginning of hydraulic juidpjs the hydrostatic
pressure at the two sides of transition sectignth® pressure force just DS stilling
basin, R is the pressure force at the beginning of guidiéswi is the pressure force at
the end of guide wallg is the specific weight, g is the gravitational élecation, Q is
the flow rate, \ the velocity of flow just DS stilling basin,;\fs the velocity of flow at
the beginning of the jump. Where:
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Py = 05ybhy SiNB(2y 4 + Mg ) oo (4)
P = 05ybhy sinB(2ys +hy) 5)
Ps== yZyg,3 ................................................................................ (6)

Where ¥y, v3,Vs, ¥s are water depths at beginning of jump, downstrdabasin, at
beginning and at the end of the guide wall respelstj b is the bed width ang, Is the

height of the guide wall.
Applying the continuity equation between sectiorel 3

V3=V1*(A 1/A3) ............................................................................. (7)
Substituting from equations (2 to 7) into Equatjtthone obtains:

1 1, 1 , 2(1-Yr = Zyayr
Z -2y +=hgSinB(2ys +hyr =2y —hyg )= F°| ——2221 | ... 8
5 2Yr 5 dr ( Yar ¥ Ngr = £Ys5¢ dr) 1 ( v, L+ Zya) 8)
Where:
Ys _y Ya_y Na_ Ya_., Ys_
__yrl__yr!__hr!__yr’__yr
Y1 b : \2 ’ Y1 ) Y1 ’
Solving Equation (8) for Fthe following equation can be obtained

05~ 05yr2 + hdr sin® (y4r - y5r )> (9)

Flz\/[yr (1+ ZY3r)] <

(1_yr - ZySr yr)

Let Y=y, —VYs

05-05y?+h, sinB Y
yr dr sin > ..................................... (10)
(1_yr _Zy3r yr)

F1=\/[yr L+ 2y, )] <

4.2 Relative Energy Loss:
Applying the energy equation between sections 13and

Bl By e (11)
1 El
21
Where E, =~ +y, =y, (14 05F2) oo (12)
And
V2
B T s+ e (13)
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from the continuity equation
— AV, - (Vlbyl)2

......................................................... 14
*TA, by, + 0257) -
Substituting from equations (12, 13and14) into Egua(1l) one obtains:
2
0.5F/ [b)
y
Y+ :
(bj 2,052 y3 +0,0625y"
E|_ _ Y1 1
=1- D e (15)
E, (1+0.5F72)
In which:

E, is the specific energy at the beginning of hydcguimp, E; is the specific
energy at the end of control volume dgds the energy loss betweepand y.

5. EXPERIMENTAL RESULTS AND DISCUSSIONS

The hydraulic jump occurs when the supercriticagain of high velocity meats a
subcritical stream of sufficient depth and lowefoegy. In this study, the jump is
formed under presence of the guide walls of differéeflection angles. The
experimental results of the present investigatiailé be analyzed in this part in
comparison with the case without guide walls.

5.1. The relative depth of the jump and the basin (y2/y1, ys/y1)

The relation between the initial Froude numbeiarid the relative depth of the jump
yJly, for five values of deflection angles (5.66 °, ?,910.2°, 17.05 © and 19.34 °) and
the case without guide wall are shown in Fig. T2)e figure showed that the values of
yoly; increase with the increase of &d the presence of the guide walls reduce the
values of y/y; for the investigated range of Froude number (1048.83). It's clear that
the guide wall of deflection angle 10 @roduce a remarkable reduction in comparison
with the case without guide walls. The reductionyify; values decreases with the
other angles (17.04and 19.3%). On contrary with the smaller angles (5.66d 7.993
the values of ¥y, are coincide with the case without guide walls.

Figure (3) shows the relation between the valuek;and the relative tail water
depth of the jumpyy:. The figure showed the same previous results.

5.2. The Relative Length of the Jump (Lj/y1)

Figure (4) shows the relation between the valuds, aind the relative length of the
jump Ly, for the five tested angles of deflection (5.6&/93°, 10.2°, 17.05 ° and
19.34 °). The figure includes also the same reidto the case without guide walls. It
shows that the relative length of jump increasdh Wie increase of;Fand decreases
with the presence of the guide walls. The minimwuatugs of Ly, are observed with
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the guide walls of 10%2angle of deflection, while the guide walls of 5.@Hd7.93°
angles of deflection give very close values gy.Lw.r.t. the case without deflectors.
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5.3. The Relative Energy losses of the Jump and of the basin (EL1-2/E1,
EL1-3/E1)

Figures (5 and 6) show the relation between theegbf i and the relative energy
loss of the jump and the basin respectively forfiveetested angles of deflection (5.66
0,7.93° 10.2° 17.05 ° and 19.34 °). The figimekide also the same relation for the
case without guide walls. It shows that the reaténergy loss increases with the
increase of Fand increases also with the presence of the guédis. The minimum
values of energy loss are observed with the guidiisvef 5.66 angle of deflection,
while the maximum values are obtained with the guidalls of 10.2 angle of
deflection w.r.t. the case without deflectors.

Finally it is obvious that the using of a guidellwas directing the flow in a
specified direction through the basin. The diregtifi the flow plays an important role
for a good distribution of the flow along the cressection and for the energy
dissipation, which leads to more energy loss assl telative length and depth of jump
in comparison with the case of stilling basin withguide walls. But this effect
decreases with smaller angles of deflectio8 to be very close to or coincide with
the case of stilling basin without guide walls.
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for different angles of guide walls for different angles of guide walls

6. VERIFICATION OF THE DEVELOPED MODELS

Figure (7) presents the comparison between thecaletalues of Froude number
(FiThe.) as computed from equation (10) and its valasscomputed from the
measurements (FExp.) of the hydraulic jump formed in a basin wighide walls of
different angles of deflection. The coefficientdgtermination (R- squared) between
theoretical and measured values of Froude numb@®87 and between the residuals
and the theoretical values is 0.137 indicating gagkement between theoretical and
measured values.
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Figure (8) presents the comparison between theafetalues of the relative energy
loss ELl; o/E; as computed from equation (15) and its experinhealaes as computed
from the measurements. The coefficient of detertiona(R- squared) between
theoretical and measured values of is 0.99 anddmstwhe residuals and the theoretical
values is 0.14. Inspection of this figure indicatbat good agreements between
theoretical and measured values are achieved.
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7. CONCLUSIONS

An experimental study was carried out to investgdie guide walls effect on the
characteristics of the free hydraulic jump credtegtilling basin D.S of single-vent
regulators. The results of the experimental andréitecal study on the hydraulic jump
are presented. The discussion and analysis ofabelts highlighted the following
conclusions:
1.Analyzing the experimental measurements, it israleat \/y,, Lj/y; and E/E; show
an increase trend with, for different guide walls deflection angles,
2.Guide walls represent an obstruction in the basithey improve the characteristics
of the Hydraulic jump (reduce the depth and thgtlerand increase the energy loss
of the jump).

3.The minimum yly; and Lj/y, have been obtained for deflection angle of 10%so,
the same deflection angle gives the max. relativegy losses HE;,

4.The use of the guide walls with> 8 reduces the values of the relative depfiiyby
about 7%. Also, it reduces the values of the nadaliéngth Lj/y by about 13%, and

relativetail depthys/y; by 12%.
5.The derived theoretical models are in good agreémith the experimental results.

So they can be used for the design of stillingrbasi
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Notations:

B Bed width of channel,

b Bed width stilling basin,

F, Initial Froude number,

g Gravitational acceleration

hq Guide walls heights

Ly Basin length.

Lg The distance between gate and beginning of anglieke walls
LJ/L, Relative longitudinal position of guide walls.
Q Flow rate.

Vi Mean velocity at initial water depth

V3 Mean velocity at tail water depth

V1 Initial water depth of hydraulic jump

Yo D.S. water depth of the jump

Y3 tail water depth

0 Guide wall deflection angle.

Specific weight of the water
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