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ABSTRACT

In a conventional stilling basin, the side walls are parallel to flow axis
resulting in only one roller in the vertical plane. 1In the proposed basin
with rapidly diverying side walls, two additional side rollers are formed in
the horizontal plane in between the incoming high velocity jet and the side
walls resulting in more dissipation of energy. Theoretically, the conjugate
depth decreases and eneryy loss increases with increase in angle of
divergence of the side walls. However, when the angle of divergence exceeds
a limiting value of 4 to 5 degree, the jump front becomes skew resultlng in
jet flow on one side and back flow on the other, if the basin floor is kept
level. There is hardly any energy dissipation and deep erosion occurs in the
tail channel. Present study aims at developing suitable devices to stabilise
and confine the side rollers within the basin so that the flow downstream
becomes uniform and smooth without any separation and erosion in tail
channel. Two devices developed to improve the basin performance have been
discussed in the paper. The basin is highly efficient and economic since the
dissipating and the transition structures are combined unlike a conventional
basin where a long transition follows the dissipating unit.

INTRODUCTION

Numercus canal structures eg. structures eg. drops, regulators, flow meters
etc. require energy dissipating arrangement to avoid scouring downstream.
Uncontrolled erosion and deposition not only threaten the safety of the
structure, it causes problems of maintenance with recurring annual cost.

Proper design of energy dissipator is, therefore, extremely important. As
shown in fig. 1, such structures are invariably flumed to reduce the cost.

Extent of fluming is, however, governed by the incoming Froude's number of
flow in the normal channel secticn (Mazumder, 1979). Transition structures
connecting the flumed section with the normal section are provided upstream
and downstream,. Both the contracting and expanding transitions are
conventicnally designed by popular methods eg. Hinds (1928), Chaturvedi
(1963), Vittal & Chiranjibi (1983} etc. Cptimum axial 1lengths of such
transitions were found by  Mazumder {1967; 1978) experimentally.
Conventionally, the expanding transition is provided after the eneryy
dissipator as shown by dotted line (1-2-3) in fig. 1. The side walls of the
conventional stilling basin are kept parallel to flow axis upto the jump end.
In such a basin, hydraulic jump occurs in a prismatic channel of rectangular
cross-section and the jump characteristics are well defined (Hager 1992).
Flow in the expansion is sub-critical althrough the transition. Because of
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high turbulence level prevailing after Jjump, it may be possible to curtail
the length of transition (Kline 195%). Further curtailment of length is
possible by use of appurtenances (Mazumder 1971). 1In a hydraulic jump,
turbulence level is highest near jump front (Rouse 1952). It is possible to
adopt a basin with straight side walls diverging from jump front i.e. the toe
of the spillway/glacis as shown in fig. 1 (Line 1-4}, Such a basin will be
more eccnomic comoared to the conventional one, since the transition and
dissipating structures are combined. Several e

problems encountered in a basin with rapidly s —s

diverging side-walls were overcome through
experimental  research study (DST 1989). ETTIE T T S
Results obtained (Mazumder 1987) are discussed 2ECTION

in the followiny parayraphs. b

HYDRAULIC JUMP CHARACTERISTICS IN A BASIN WITH
DIVERGING SIDE WALLS
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by Rajaratnam, are shown in figs. 2(a) & 2(b). It may DISSIPATOR wiTH DIVERGH &G WaLlS,
be seen that the conjugate depth reduces and energy i
loss increases with increasing angle of divergence
($) of the side-wall compared to those in a jump in
prismatic basin with parallel side walls (¢ = 0°).
Homwwever, several drawbacks, as cohserved in
experiments are: Qii] upto a certain angle of
divergence (¢ = 5°), jump front is normal to flow
axis and the downsteam flow is uniform. As the angle
of divergence excesds the above 1limit, the flow
becomes asymmetric with oblique jump front. There is
jet flow on one side and return flow on the other

side gs shown in fig. 3. (ii) Weak mixing of the gEt .|_ [ e
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The different draw backs of spatial jump in
a basin with rapidly diverging side-walls as
pointed above, were overcome by systematic
study of the effect of certain appurtenances
(Mazumder 1988) on the basin performance. The
different parameters used are:

Efficiency of Basin (1))
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Basin efficiency is defined as the ratio of energy e R R T e
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requi loss of energy (AE) as shown in fig. 3 i.e. = o W M sy
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igher the value of AE', less will be the residual FIG.3 ENERGY ILOSs BAND VELOCITY

kinetic energy of flow leaving the basin (AE -AE") DISTRIBUTION IN  DISSIPATOR

and hence more efficier: will be the basin. WITH AND EWTI‘HCUT UsSE GCF

APPURTEANCE

Kinetic Eneryy Correction Factor at Basin Exit ()

It may be proved that in a channel with non-uniform flow distribution, the kinetic energy
correction factor, ®;, 1is given by the relation
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where u is the local velocity through an elementary area dA. is the area of flow
section and V., is the mean wvelocity of flow at the basin t. Higher is the
nen—uniformity %xE flow, greater will bectz and more will be the residual kinetic energy flow
given by .

4 P ” . ’,.- {5]
AR =AE" 1= (Mgst)«Ng, 2g
Aso(,>~1.00, M-~ 100%. Objective should be to obtain as low X, and as high
value of ras possible.
Scour Downsteam of Basin
Basic performance is best reflected through local scour  Pattern downstream of the basin.

An inefficient basin will bring about more scour. Objective should be to eliminate or
minimise the scour downstream of the basin.

USE OF BED DEFLECTOR TC IMPROVE BASIN PERFORMANCE

Bed deflector as shown in fig. 4, was found to be the best. Results
obtained with bed deflector and other appurtences are given in reference
(Mazumder 1988}, Optimum geometry of the bed

deflector and other details are also given there. All T

the experiments were performed in the hydraulics [*":’_' AR N
laboratory of Delhi College of Engineering in 120 cm T

wide masonary flume. The test basin was constructed tﬂ:H k[f;;”_ t
below a straightfglacis {3H:1V) type fall with a oy ,
maximum flow 30 L/S, with tail water depth computed B =
from Rajaratnam's equation. Without deflector, the % SEneas
basin performance was extremely poor ( 7 = 92.1%,O{E= et T e LS
5.55). Performance improved remarkably with use of bed Herra
deflector of optimum size (1] = 99.6%, 0-52 = 1.22). The FIG. 4 DISSIPATOR WITH
basin performance was excellent both at half and BED DEFLECTOR

guarter supply.

USE OF ADVERSE SLOFE TO BASIN FLOOR

Another ingenious device for improving the basin performance was developed
by the author (Mazumder 1987) by providing adverse slope ( B) to the basin
floor as shown in fig. 5. The optimum angle of inclination { P opt) was
canputed theoretically by equating the axial camponent of bed ;S Rk
reaction (F, )} acting against the flow with the axial components g T R
of side wall reactions (2Py) acting in the direction of flow :
(Fig. 5). Assuming linear variation of jump profile and % 8 BN
hydrostatic pressure distribution before and after the jump, it -_Ji_u B, . "f_'
may be provedthat ety X 3 4e gy
Fr = % Ywlqtan B(bd,+ Bdt2Bdyt2bdi) | L—ﬂlt:h—-g |

o, FIG. 5 FLAMN & SECTION OF

g s (5
. A BASIN WITH DIVERGING
2P, = 3 Y La TANG (e 2 SIDE WALLS
Equating Eq.(4) and Bg.(5), the value of Popt is given by . 3
%GPI:: tcn:.‘l[(df+d;+f£1dajtaﬂq)/(bdz+ E}d]"l‘ﬂi‘ﬁdzi‘zbdﬂ.} i
. ol [2d tond (s )/ (2a2verr)] *)

where % = 4./4, r = B/b. Values of ﬁopt determined from equation 6 were faund to be 1945°',
2°37" and P14 corresponding to tan § equal to 0.33, 0.50 and 1.0 respectively, for the
given flow conditions, namely, = 53.3 cm, 2B = 120 em, 4, = 2.35 cm, d
= 12.57 em, Q = 30 LPS. F, = 5.15 and tan @ = 0.33. Experiments wére performed wi

different inclinations(f, E':f basin flecor and different Fl values. ﬁopt values were
determined from graphical plot r.*lft)iz againsi:ﬁ . Minimm fvaluve at which the downstream
flow was normal (gf, ranging between”1.10 to 1.20) was as Bopt. Values of Sopt,
detemined experiméntally, differed foom the theoretical wal due to simplified
assumptions made in the derivation of equations (4), (5) and (6). F opt values were also
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found to vary slightly with inflow conditions defigad by angle of obligquity (&) as Shogn in

fig. 6{a), (b) & (c). Fig. 7 gives the variation Popt with for ¢ = 3D LPs & By = 5.15.
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may be seen that for a given wvalue of Q,

ﬁopt increases with F, upto a certain limiting value of F. an neE Eémains
independent of F.. Fc;r a given F,, Bopt increases with dis.']t:hargé intensity

as shown in fig. B. Table-1 inéicates the performance of the basin for

different conditions of flow over ogee type entry (4= 37.5%) Qs shown in tig-6(C).

TABLE-1
PERFORMANCE OF STILLING BASIN WITH DIVERGING{3:1) SIDE WALL

A Q(LPS)  F, d,(em) ), | =AE' iz REMARKS

3,52 15 18.8 3.25 720 68.8 Withhout Baffle Block
3. 5Y 30 136 4.91 780 41.5 Without Baffle Block

5 50 10.7 9.10 860 30.8 Without Baffle Block

4.0° 15 18.8 5.0 8 99.8 Without Baffle Block

4.0° 30 146 6.5 3.7 98.8 Without Baffle Block

4.0° 50 10.7 7.a 17.6 84.3 Without Baffle Block

5.0° 15 18.8 3.6 1.3 97.9 Without Baffle Block

5. 0 30 13.6 5.6 3.3 93.8 Without Baffle Block

5.0° 50 10.7 6.1 9.2 89.0 Without Baffle Block

5.D° 5 18.8 4.6 i 9g9.9 With ane row of

Baffle Block
5.0° 30 13.6 6.5 1.3 99.9 Do
5.0° 15 18.8 4.0 94._9 Without Baffle Elock
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TABLE-1 (Contd.)}

B Q{LPS)  F, d,lem) o, #|=AE'/,; REMARKS

6.0% 30 1306 4.9 2.0 99,2 Without Baffle Block
6.0% 50 10.7 6.5 5.3 98.7 Do

&.0% 50 107 6.5 1.6 97.3 With one row of

Baffle Block

Arow of baffle block, as illustrated in Fig.9, further improved the basin
performance. Typical scour pattern are shown in fig. 10(a) and 10(b).
Performance of the basin designed for a higher flow (with higher -value)
improved further at half and guarter supply condition as apparent from
table 1,

EFFECT OF TAIL WATER VARIATION ON BASIN PERFORMANCE

Whenﬁ:= ﬁopt, the forces Fx balance 2Px. Applying momentum and continuity

(&)
FIG 10 EROSION PATTERN (a) LEVEL BASIN(g= 0°) ¢ = 15.0 L/s (b) SLOPING BASIN
{ﬁ=3 ) g =30L/3 , 4= 18:4%.

principles under such balanced condition, it may be proved that the
conjungate depth relation is given hy

o

e b ( ii:;{? ) oy (8)
With r = 1, classical conjugate depth relation for prismatic channel of
rectangular section may be obtained from Eg.(8). For r}l, conjugate depth
d, will be lower than that in a prismatic basin. Higher is the value of r,
léwer will bhe d, required. Performance of the non-prismatic basin was
obtained with d,"given by eq.(8) as well as depths lower and higher than
.. The basin® performance was found tc be excellent even with 50%
réduction in d, obtained from eq.(8). However, when tail water depth

exceeded the conjugate depth by 20 to 25%, the flow downstream was found to
be asymmetric.

CONCLUSIONS

(i) Conventional stilling basin in a flumed hydraulic structure reguire
long expensive transition. Cost of such structures can be considerably
reduced by adopting the new basin where the dissipating and the transiticn
structures are combined in the same unit.

(ii) Theory of hydraulic Jjump in a basin with expanding side walls
indicate that conjugate depth is lower and energy loss is higher than those
found in a conventional basin. However, it is found from experiments that
there are several problems in widely diverging basin with level floor.
Flow is highly non-uniform and deep erosion occur in the tail channel.

(iii) Performance of the basin could ke remarkably improved by use of bed
deflegtor of appropriate size & shapeand also by adeplingadverse Slope (Bept) fu ¢ leoy.
(iv) Fopt value determined experimentally was scmewhat different from that
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found from theory due to simplified assumptions made in derivation.

(vi) ﬁopt_value increases with F, initially and it remains constant after a
limiting wvalue of F,. For a “given value of Fl' ;Sopt increases with
discharge intensity{ },

(vii) Popt is also found to be slightly different for different approach
fliow conditions given by angle of obliguity,&.between incoming and outgoing
flow.

(viii) Basin designed for higher design flow (Qmax) was equally efficient
at half and quarter supply.

{ix) Basin performance remained unaffected even with 50% reduction in
conjugate depth flow which is lower than that in a conventional basin.

(x) Basin performance deteriorated when the basin was submerged more than
25%.
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