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-1 SYNOPSIS i~

' This thesis reports the experimental studies
conducted to investigate the effect of the angle of offtake an
sediment.ﬂistrfbution in channels. The main channel flume was
3 feet wide and 20 feet long and the offtake c¢hannel was 15 &n.
wide, Pive differenmt offtake angles 30°, 60° 20° 120° and
150° were studied with a fixed (iuant_ity of s ediment fed at
the head of the parent channel for thres channel discharges.
At very low discharge vhen the sediment movement was insignie
f1cant, red beads were used to get an idea of sediment

distribution pattern.

: It was found that the 30° offteke angle vas
the most eff;cie_nt in cc_:mparis_on with_ the ofher angles studied,
It was also observed that the sediment shared by the offtake
chanrel was not in proportion to the quantity of water allowed
in the offtake. In all the cases, the sediment share in off-
take wes more than the discharge shared by the ;'g.t_;fvﬁake. The
axistance of a centrifugal force at the off:‘:a}ne has been
\ vét‘ified which was least for the angle of '36'° at 104 discharge

of the parent channel.
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INTRODUCTION



INTRODUCIION,

Diversion of water from alluvial streams into
irrigation channelg, presenys‘mang diff1¢u1tﬁppoblems toa -
hydraulic engineer, The stream water carries lot of sediment
with 1t wﬁich.is the main source of all the problems, The
canel sections havo to be designed in such a way that the
sediment neither gets deposited nop gets scoured out from
bed and barks, At points of diversion, the branch channels
should teke water as well as proportionate sediment from the
parent channel, otherwise if the sediment taken by(branchéa is
1ega,Aﬁhgﬁchgnpeldcapagitiﬁs_ggt reduced an&vthe supply of
downstream users gets affected, ,Theldesign_and orientation
of_channels should be such that the quantity of sediment enter-
ing o tanal system should be carried forward, get proportionately
distributed in branches and finally ejeeted through out let

works.

When the canal draws heavy silt load, it tends to
become shallow, and thereby its water earrying eapacity is sub-
Btantiélly reduced. To maintain, the water carrying capacity
of the channels, it is necessary to remove the coarse bed load
deposits by dradging. The cost of removal is one of the 1argegt
items in operation and maintenance of e¢anals. It can be seen
that the cost of silt removal from such eanals, will substantia~

1ly be reduced if some éffeetive methods are employed for




preventing the entry of silt in offtakes.

 The design of silt eontrolling devices ab diversions
is being studied since many years in India, Egypt, and America,
but no perfect method has yet been deviced. Model studies at
various hvdraulic and irrigdtion research stations haVe given
solutions to partieular problem, whieh have been found to be

fairly effectiva. ‘

g e a st

. cf the several methods of contrelling the entry
of sediment An an offtake chaﬂnel is its proper 0rienta£ion to
the parent channel, The canals taken off from the sukker
barrage, have shon that the orentation of an offtcke, e
have a great influemce in silt carrying eapseity, It is esta=
blished from model studles and field experience thet an offtake
at.right angles to the parent eﬁannal doesy in no way, help in
prevanting_or=éxcluding thé san&, |

Tha problem, as sueh, recognizes that the proper
erientation of an offtake at diversion will be a gulding factor
in controlling the undesirable entry of silt into canals,

The objectives of the present investigation are 3=

1. to report all the suitable methods employed for

sediment ejection, and exclusion from canal offtakes,

2, to econduet experiment on five different offtake angles
in order to find the effectiveness of the anglgqpfftake
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4,

.

2 mm, were used,

on silt carriage. The angles adopted for different
orientations of the offtake ehannel were 3o°, 600, 90°,
120° and 150°,

to study the effect of dlscharge variation on the
division of the bed load,

%0 stuy tho ottost on the distribution of bed load
with the change in the properties of bed materisl,

The study was conducted under the folloﬁing conditionss -
The discharge in the”flamauwas limited tho a maximum

of 0,96 cusec and varied from 0.46 to 0,96 cuseec,

Two types of matsrials,_Sapd and red beads were used
as bed load. The nonwcohesive sand of the median
dia, of 0.69 mm and the red beads of dia., 1 mm. to

. -gQ;n
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REVIEW OF LITERATURE

Several attempts have been made both with the aid
of model studies as well as by theoreﬁipal investigationsto
analyse the problem relating to the proportional distribution
of bed load at canal diversion or offtake, Much criticism has
been Labelled on the obliquity of an offtake, becauss of the
traditional way of putting them at right angles., More recently,
the engineers realized that the proper orientation of an offtake
~ plays an 1mpqrtant'?913 in preventing the undesirable entry of

sediment into<d1€efsion warks;

o The problem of excluding the coarse bed load at
diversion with suitable orientation of an offtake has received
tharaxtgntion of a few field workers and investigators. This is
probab;yféue_to‘the 1a;gg}nnmpar_of_vgriables influeneing the
problem of sediment entering into c angl offtakes, .

A careful study of all the avallable information on
the subjeet showsthat enough azteation hag not been devoted by
the earlier'research workers on the angle of offtake} theory.
COneentrated effq:ts alded by modern laboratory technic has
yieldgd § little information towards this approach,

The Arab engineers were probably the first to realise
the effeet of angle of offtake on the sediment éntry in diver~

slon works. In a report dated 1891, Colonel Ross(e) wrote that
the Arab engincers kept the following rules in mind while
alligning their canals. |




1.
2,
3.
4.

Bulle ,

The offtake should be at the point on the outside
of the curve where deep channel flows.

Wherever the course is curved the channel head
should be aligned tangential to the general curve
of the maln current. This means the downstream
inclined offtake,

Where the river course is straight, the canal 4
head should be at an acute angle. This also means
the downstream inelined offtake. ,

The head should not be located at a point where a
bar is forming i.e., the silting is taking place.

in 1926 .

‘In 1926 the first attempt of historic 1nterest,

has been made 1n devising methods for preventing sedimenta-

tion at intakes of water power plants, The expe:iments were

performed by Buile (1),>in the New Karlsruhse Hydraulic Labo-

ratory in connection with a sedimentation problem at a power

plant on the Middle Isar River.

These experiments have been conducted to determine

the amount of sediment material diverted into the branch

channels at various angles. The percentage of sediment dise

tribution at various angles offtakes with sharp edge entry at

the point of diversion are summarized in the following Tabie,




TABLE Ro. 1.

Angle of diversion éPercentage of sediment gParcentage of

from straight in diversion, sediment in st.
hannel. channel below
0 kodiversion.
60 9652 3.8
120 8745 12.5
150 92,0 8.0

~In these experiments the width of the parent
channel as vell as thax of offtake channel was 0. 656 feet A
.and bottom glope was 0,003. The length of the flume was 21,15 f%.
and the diversion point was at 8,22 ft., from the upstream end.
The ma#imum discharge recorded in these experiments vas 0,28
cusec and the discharga shared by both the chamnels was the

sane. He used sand as movable material,

Fig. 1 shows the percentages of the sediment dise
tribution that entered the offtake and main channel for different
angles of offtakes. Pig. 2 shows the relation between the
division of bed load and discharge for an angle of offtske of
30 degree. Fig. 3 shows the manner in which the sediment dise
tributed for an angle of offtake of 150 degree with sharp edge
entry while in Fig. 4 the same effect of sediment distribution

has been seen for an angle of offtake of 30 degree with rounded
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Fig.3. Sharg junction 84 of sediment(coarse)
passed into the gtraight channel and 92% into

the offtake (Bulle)

Fig.,4 30 deg. rounded junction3? of sediment
passed into the stralght channel and 97%
into the offtake (Bulle)




corner at the junction,

Model Test of Mississippi River Bend g=

VEXPeriments(a) have been conducted at the U.S.
Waterways experiment station to determine the effect of angle
of offtake on the amount of bed load withdrawn by using a
Mississippi river bend model as shovn in Fig, 5, The three
angles 450, 90° and 135‘0 were tested. The diversion at site
No. 1, as shown in Fig, 5, was selected for the test, since
the'greatesy amount of sediment was withdrawn'in model runs of
a 40 feet rdver stage at this location, The 450 and 135° _
~diversion were inclined to the bank line and continued at those

angles into the river. The results are summarized in Table
Ro.2.

4

S— .
Angle of diversion in deg. { Percentage of bed load diverted

45 o7
20 + 80

135 85

It should be remembered that these di#ersions were
excavated through the’bar at a loeation that had been found
most suitable for the diversion of bed load. At other locations
the percentages of diverted‘bed.load would have been less,

In the discussion on the paper based on above study,
Lelliavsky pointed out that according to the Egyptian engineers
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Pig. 5 Location of piversion of Bed Load movement
for model study -




11

the position of the diversion No.4 in Fig. '13 an anomaly,
because they always tend to place their intakes at the concave
bark of Hile but with the axis of diversion tangent to that of
river. The angle of offtake was thus reduced to nearly zero.
Uppal, 1933. l
Uppal(‘s)in 1933, while discussing on King's paper
said that the t?Q@b??}°f silixdépositicn was experienged: invsome
of the distributaries. He poixi_ted that he had arrived at a
significant conclugion that the silt trouble was due to the
roason that the oi‘f%aking channel did not get help from approach
o ;
veloeity in the parent channel, It could be avoided if the .
offtakes wete placed at an obtuse angle instead of the right
angle. He further emphasized that the engineers were so far
accustomed to see offtake generally placed at right angles to.
parent channel, even if the offtake channel was to be diteh
channel, and going parallel to parent channel. It was proba-
bly due to the fact that an engineer can easily draw out plans
of an .sgiare head, Stressing the point, he said that wherever
possible, it would be more desirable to have offtake at an angle
| varying from 30 deg. to 60 deg. to the centre line. Such off=
tekes were proposed by him for ditch distributaries of‘Gugera
Branch of Lover Bari Doab Canal, They were having thé foilowing
advantages 3~ o |
1. The entry fom &he parent channel to the offtake channel
was smooth and there was some veloeity of approach into

the offtake.
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2.

3

The curve in the head reach of the ditch canal was
gentle., |

Less land was required under the offtaking channsl,
where it was located within fhe existing land widph |

of the parent channel,

Thus, wherever the alignment permits, engineers should

prefer oblique head to the square head.

In his conclusive remarks on the orientation of offtakes

Uppal f:omAhis own experience, pointed out that the aim should

be to distribute the sediment equatably, and suggested that,

they can be achieved in the following ways. :

1.

2.

3.

Wherever possible the offtake should be given oblidne
head s0 as to have its proper share of silt from parent
channel, _ | .

As far as possible, the outlet should be at the bed level
of the chamnel so that they may draw their full share of
the silt charge.

In case of right angled offtakes, the head should be
placed so that the approaéh wings are in line with berm
line of the channel thereby ensuring the smooth entry
into the offtake,

Hichols and Curran, 4in 1933,

Nichols and Currantl?) in 1933 have conducted some

preliminary experiments to investigate the distribution of sedi-

ment at branching channels. The preliminary 1nvestigations were
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carried out along the same general methods as followed by Bulls,

In Table No, 3 are ghown the dimensions of the flume adopted in
these preliminary experiments as well as those uged in Bulle's

studies,

Eablg No. §c

Comparative data on test flumes,

Ttems, | | U.8..E.8s | Karlsrube
iNichols,lurran. ¢ Bulle,

1., Total length of flume 22,0 ft. 21.15 ft,
2, Diste.from head of flume 10.2 £t 8.22 't
Yo point of diversion ‘ - ‘
3. Width of each channel 2.0 % 0.656 £t
o
4- Al'igles Of OfftBKGSU ' 300 %300560 ,900

(1209 & 1509,

No sand traps were provided in both the channels and
no attempt was made to eontrol the roughness of the channel. Two
kinds of bed material were used in these experiments. The experi-
mental results have indicated that the material in suspension was
distributed differently than that moved by traction along the
bed of the channel. The amount of sediment moved into the off-
take was more than the discharge allowed in the off-take.

Variation of Bed Load Distribution with Discharge ;=

The distribution of silt into the offtake depends not
only on the angle of the offtake but also on many other faetors,
vhich in-turn vary with the angle of offtake. For exeample, the
diversion of bed load will be altered with the change of discharge
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through the offtake,

Vogel( 17) in 1933, presented a good number of test
results for an angle of 80% 1In these tests the rate of dis-
charge in the main channel wers kept constant. Both channels
vere of equal width gnd rectangular in erogs-section, He used in

these tests the red river sand, Vogelts results are summarized

a8 under g~

TABIE No, 4.

Deposits in branch channel
as a %age of total deposits,

Flow in offtake ehannel as &
percentage of total discharge

L TR Y

65.0 88,1

4.4 75.9
8.8 75.2
34,9 63._6
30.2 45,3
29.9 31.3
24.2 37.1
23.3 38.3

15,9 - 17.9

The sand traps were not provided so the sand carried
beyond the ends of the flumes was lost. If such losses were
accounted for; the percentage deposits in the offtake channel
would be increased. |

Later the experiments

(17) vere conducted by Vogel
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utilizing the flumes of semi-circular cross~section lald on the

same horizntal planes. The resylt of these experiments show that
the finer sediment is tranqurted in suspen#ion and its division at
diversion will be approximately according to the ratio of the
water discharges in the offtake and the straight main channel,

The approximate éveragé results‘of his experiments were as under:

Type of. Discharge in the Sediment entering the
sand, offtake as fage of offtake as a dage of ‘
total discharge. . . total sediment.
Red river sand 38 = - 52
Polk creck sand 36 t 65

The polk creek sand was coarser than the red river sand,
the resulls indicated that a greater percentage of coarser mater=-

ial will paSS_in to the offtake than fin or materigls.

| In ;947, Dagcytg) conducted similar“experiments at
Iowa college,.at Ames, in a rectangular channels of 6" x 5" and
the offteke was at an angle of 30° to the parent chammel, The
results are éhcwn in the Table § given below énﬁ these confirm
the concept that suspended sediment as distingﬁished from bed load
| ‘divides at a diversion approximately in direet ; proportion to the
division of flow,

In gddition to this the table reveals that without
-exception, as the particle size of the sediment 18 reduced the
percent of size diverted is also reduced. In these tests the

slopes were steep except for test No.3, and the outlet were free

fall, The slopes of the branch as well as main were the same,
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TABLE NO. 5

PERCENTAGE OF TOTAL SEDIMENT PASSING THROUGH A BRANCHING
ARM FOR VARIOUS SEDIMENT SIZES%

Test olope %age of ' —— B e
No. of flow in _Size of gieve, R
ghennel branch, 3/8% 4 10 20 40 60 80 100 500

10,0182 49,1 91,2 84,8 78,1 72,3 68,8 59.6 50,7 49,8 48.]
e 0186 173 1580 147 146 121 108 100 e8]
2 0,0214 27,8 64,3 60,1 57.2 55,5 42,1 34,1 32,3 28.2 21.
| 231 216 206 200 151 123. 116 101 76

344 0,0214 25,6 61,3 58,4 55,2 47.3 40.6 33.2 30.0 2644 1.¢
| . 23® 28 216 185 189, 130 117 103 78

4 0,0346 14,8 24,6 22,7 20.0 19,1'18,8 18,4 18,1 17.8 16.f
© 7 166 153 135 120 127 124 128 120 111

*The first 1ine of values for each test is the percentage of the
| total sediment of the 1ndicated sieve size passing through the
branch, Ths seeond line of values is the ratio of that percen=
tage of total flow in the branch, ‘
i Qutlet flow was rebarded by perforated ﬁlates.

Seh .oiﬂ.i-ltshh(le) 3= '

~ Most of the existing diversions werks hawe an
approaeh channel approximately perpendiculax to the river axis.,
It the flow in sueh ‘approach is observed, 1t will be seen that
the stream, 1nstead of filowing the walls of the approach channel
enters it at some smaller angle ! 96' as shown in PFig. 6.
The Space between the stream and the channel wall is filled upﬂ

with vortices. This evidently shows that an intake at right
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angle (i.e, 90 deg) to the maln stream is not correct,

Pig. 6.
Scholiit.sch performed experiments to determine the correct angle
of approach, The experiments were carried in a flume from which
the water was drawn off at diffe:ent'points; The part of the
approach basin in whieh there was no flow was as certained by
strewing fine sand. The sand get settled where there was no
flow, The results of these experiments with variaus locations of
offtake and different diversion Rafio has been put by him in
form of illustration as shown in Fig. 7 & 8. The intgke angle
‘xt which formed 1ndependéntly of the direction of approach
boundaries are also shown in the illustrations,

A comparison of these angles reveals that thereis no
»correct angle of intgke. This angle vary with the diversion
Tatio and also with the position of the intake in a bend. The
value of the intake angle inereases as the diverkion ratio
decresses. The diversion ratio fluctuates econtinually with the
rivervdiécharge and,thgidiversion. Thus, accordingly, there is
no correct angle of intake for anofftake. The magnitude of the
angle varies with the diversion ratio, and there should be
selected to suit the condition existing when the bed load is high.
This means when diversion ratio is small, the intake angle should
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be acute. Thus, the foregoing exhibitsthat the angle of intake

of 90°‘or'greater is wrong under all eircumstances.

Leli avsgx( 6) g

Leliavsky has done much experimental work to
1nvestigate effect of angle of offtake on the distribution of bed
load ax‘offtakes. He has established a relation between @, the
angle of offtake and R, thg radiusdgurvature of the flow f£ilaw
:ments at tﬁe point of diversion., Fig, 9 shows the physical

meaning of 6 and R.

~ He correlated '6' and 'R! and presented in a
graphical representation as shown in Fig. 10, From this graph

he established relamionias given below 3=

R s /2, tan "’;e.

| In establishing this fonm of nurrelation between
268 10! and 'B’, model tests were eanducted at Delta Barrage
Lahoratory in Egypt. These tests confirmed that the channel
formation at the entranee to the offtake was unsymmetrical and
was in fact found to be similar to that oecuring in a bend of an

alluviagl rivers

The lack of this symmetry depends mainly upon the
angle of offtake. 'fhus, the angle of pfftake 16t determines the
megnitude of centrifugal forece developed by the curvature of
flow filaments. According to Egyptian Engineers the division of
bed load at offtakes iz g function of this angle,
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i.eliavsky! based on his experimental results plotted
a relation between centrifugal foree and angle of offtake,
which is shown in Fig. 10.

~ The centrifugal force, thus is a guiding factor which
governs the behaviour of the sediment at the mouth of the
offtake. | '

~_In addition to above, it appears almost essential
_that comparative study of he different methods employed for
silt exclusidn and ejection would provide a clear understanding
of their re-lative mpurtanee., C e

: gxtensive records are now available for many ea.nal o
systems in India, Beypt and U.S.4., Ak where dirreren’c measures
have been taken to keep off the sand entering the offtake ehannel/

, various methods have heeu adOpted for controlling sand
entering a channel taking off from analluvial river or parent
channel, 411 such methods cen broadly be divided into the
following ¢lasses, aiming Tespeeifvely at 1.

a) Adjusting the candl section in such a way as to ineroase
within rec;uired limits, the silt ecarrying eapacity of the
water, | .

b) PreVenting the coarse material from entering the canals.

¢) Removing the bed materials after its entry into the
Canal section,
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Design of channels with adequate silt carrying espa-
¢lty has first been suggested in India by Kennedy and followed
by Lacey(ls).

Prevention and exclusion of silt ean be achieveé by
designing elahorate diversion works, and varified before hand
by exhaustive model studies,

- T411 recently no clear line of demareaﬂmn ean be
drawn, however, between bed load and suspended 1oad, no
efficient method to work out the percentages of eh?rgevaVins .
along the bed, and held in suspension 1s available, T?ﬁ methods
of exelusion dtsoribed below are generally effective against
cqaiser particles only and do not apply to finer silt held in

suspension;

PREVENTIVE METHODS .
~ The 5bject of reducing the coarée‘maxerial entering
the canal offtake can be best accomplished by des;gning an
elaborate diversion work, Their success depends on the proper
‘gpé?ation and control. The most reliable methods usually
' adopted for prgvenying thg_uQQgsirgb;e entry of pgarger bed
material in cenal offtakes, are diseussed as under 3=

Anongst the prevant&%e methods, the proper loeation
of an offteke is the most important. While planning the diversion
works, the first consideration usnally_keptwin‘view is the loea-
tion of an offtake with respect to the stream or parent chennel,
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1t must be confirmed whether, the ppeference should be given to
locate the intake on straight streteh of the river or to the eure
ved approach. In the case of a straight channel, the sand charge

deereases from tﬁe mid-stream - towards the banks,

It 1s well known that flow round a bend is. subject
to centrifugal forces resul ting 1n a transverse slope of the water
surface from inner bank towards the outer as shown in Fig. 11,

Thus at euter benk tha any level,~there.is greaxer pressure near
the outer bank than near the inner bank, ‘Water tends, therefore,
to flow from higher free level to lower free level, ‘However, this
movement is provented, along the surface by the centrifuga; force,
At the bottog, velocity is considersbly low than at the top and,
enough*eeptr;fugal_goycé 1s_no§ available, to couﬁteraet the
tendency ofAWgter at}thg top to move inwards. Water dives in

from the top at the concave bank and flows along the bottom, carry-
ing sand and silt to the inner bank, wﬁere it is deposited. The
eross section is deep at the concave side with g transverse current
from concave side to eonvex a8 shown in Fig. 11, Engels(la)
|investigations have indisated that sand particles move from one
éonvex bank to another,. erossing the intermediate shoals diago-
Bally vhieh 4s indicstive from Fig. 12,

[?) OFFTAKE FROM STRAIGHT REACH s~

In éase, where the parent channel, having axial flow,
F small channel taking off with a raised s1ll, does not draw a
considerable proportion of sediment, but where the offtakes draw a

?arge proportion of the parent discharge, an unfavourable curvature
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Fig. 12, Path of sediment movement in
alluvial channel.
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of flow develops towards the offtekes and thereby, causing .
more bed load to move into the cahsl,

b) OFFTAKE FROM CURVED APPROACH ¢~

The effect of curvature on sand exclusion is so
dominant that a canal teking off from en outside bend will draw
top water, and will function without any trouble, while a canal
taking from the inside of a bend will draw excess coarse bed
material, 4 location of an offtake on the outside bend slightly
downstream the point of contraflexure, Shares much silt free top

water and remain free from the undesirable effects of the sediment,

¢) CRIENTATION OF OFFIMKE ;= )
‘ _Qrientgtiqn_of"an Qf£tgge helps in excluding the sand,
Aﬂdeﬁaileqlaegqunt of the'authgr;tivéldatg derived from previous

experiments have already been given in the earlier pages.

- d) SHIFTING OF AN OFFTAKE :-
An offteke from a stralght channel works satisface

torily, provided: the discharge shared by the offtake is small as
compared to the ma;n_channel_discharge,- In naxure, vareky a

- sufficiently long straight and stable reach rarely exists. Canals
drawing hegvy discharges should then be located on a concave curve,
80 as Yo ensure satisfactory sand exclusion. The meander curves
tend to move downstream. As a result of that the canal head which
has excluded sand for manjs yeafS'may, in the course of time, begin
to draw bed sand, when the eurvature of flow beeomesunfavourable.
Under such conditions y the offtoke should then have to be shifted

upstream so that it takes off Brcm concave curve. This was done
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in case of Ye - U Canal Burma as shown in Fig. 13.

e) APPROACH CHANNEL 3=

In order to ensure efficlent exclusion of sand,
sometimes it becomes necessary, to give the suitable approach to
the offtake.by imposing an artificlal eurvature of flow by con=
strueting an approach channel as was dome in case of Sukkhur
Barrage and the Mith rao Canal, as shown in Fig. 14 and Fig, 15,

Effect of 811l Level at the Entrance to the 0fftake i~

Since long in India it wasvé prastice to provide
8 high sill ;qﬁel at the enterance to the offtake in order to
prevent the entry of coarse sand, In most of the cases it was
found ineffective, Generally, the heightoferest of the gill is
of the order of 7 to 9 feets In many diversion works, the sill
level . of the head regulator has been raised with a view to prevent
the entry of coarse sediment into the canel. Experiences on many
of the diversion works, where the sill level were raised to
prevent the sand entry, have shown that the raising of sill does
in noway, help 1n'silb'exclusion fgr a longer period. It is
realized that in case of offtake which drawsa considerable pro-
portion of watsr from parent channel, the high sill level cannot
neutralize the unfayouraple curvature of fhow in the main channel

upstirean of the junction,

Experiments at Poona i@leonnection with the head
regulator of Fulleli Canal (Q = 19,200 cuseecs) indicated that
eveng with a sill 2/3rd the water depth at full supply, the coarse
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material was gble to enter the canal. Model ‘expé’riments and
field experiences have shown thelimitation of the height of sill
és a method to prevent the entry of gilt into the canal. A
raised 8111 is expected to allow only the surface water to enter
the offtake which earry finer silt in suspension. Thus,the
coarser load will be eliminated to some extent. But this will
be possible under the following eanéitioha s

1. The ratio of discharge drzwn in the offtake to the main

o chénnel discharge should be small.

2. The raised éill will not work effectively for longer

period since the coarse bed load depositedyin the pocket

will get raised in due course. Hence the eoarse particles

will roll into offtake later on.

However, a raised sill can be successfully used to
prevent the entry of extremely coarse bed material and boulders
into the canal.

Hushta'(lo)'conducted experiments on this aspéet ;n
order to prevent the entry of silt into offtake. He showed that
an increase in the g1ll height of the offtake will degrease in t£§
suetion reach to some extent. But it was seen that the increase in
the sill height doés not show a corresponding decrease in su&tion
reach. The result: of thesé tests were plotted as shown in Fig.16.
The results show that by increasing the sill height, the bed load
entry into the offtake reduc¢es, when still pond regulation is
adopted.

For further study of the effect of the height of sill

bl
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the upstream floor of the under sluilces.

For a given height of the crest of the regulator
when water 18 dram into the offtske from the pool, there is
always a region gbove the regu‘:l.gtor‘ir; which the higher veloci-
ties are created than the normal velocities, if any, in the
pool.‘ The velocity decreases as we recede from the regulator
| ;t;il]_. they become ‘eq'uel to the normal veloeity of the pool. This
reach can be termed as suetion reach of the regulator., From the
sediment withdrawal point of view, the active suction reach will
be that in which sediment to be excluded cannot deposite but is
drawn into the offtoke. With the still pond regulation, unless <
the coarser particles deposite dut of the suction reach of the
head regulator, they will find their way into the offtaks,

With still pond system the veloeity in the pocket
designated by V; has to be kept below the critiéal velocity
that can move the sediment of 0.2 mm. dia., and above which is
generally considered nscessary to be exzcluded from the canal
offtakes, In order that sediment should deposit in the pocket
the velocities in it should be less than the velocity, Vg, in
the river. Thé lovw veloeity in the poeket will continue to
deposit the-sediment and raise the bed t1ll the veloeity in the
pocket again increases to such an extent that the sediment staris
entering the canal again. The canal is then have to be closed
and the undersluices opened till the entire deposit is washed
away.' The seouring operation usually takes a day 6r two and

for this period the supply to the canal is interrupted. The
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the following functi¢na1 re;ationship is now under consideration
in the hydraulie laboratory, Punjab,
v Vo B ¢/Q

G/Q = g ( V;’ %-, 1 X 100)
The various terms in the above relationship are :=-
G = sediment charge in oft/sec. in offtake,
Q = discharge in cusec in offtake ,
?B = velocity on barrage side of divide wall,

Vp = Veloeity &n the pocket,

Vo = Fall Vel, af_sand particle,
vb = Vel, in the offtake, .- T
811l height,

Full supply water depth w/s of the offtake in
the main,

(= =
n ]

The results which were of the form shown in
Fig, 17 might be compared with Fig. 16, It should be seen that
the value of h/&¢ x 100 beyond which no further advantage in
sediment exclusion was affected was itself a function of Uh/?PV.

REQULATION OF BARR gaE 1= |
The channels which carry high discharge also |
carry along with them a large quantity of sediment load. In‘ |
certaln high river stages when the streém carrie; heavy sediment,
the canal has to be closed a£ the head to prevent the undesirable

entry in it. It also becomes necessary to close the canal system

when the bed level of pocket is sufficiently high, and the sediment
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picked f:am the pocket findsvits way in the canal.j The field
experiences have revealed that the "Barrage Regulation" palys
an important roie in ensuring #he eff;eient exclusion of sand.
It 1s more effective when the canals are teken off from the
one side of the river. In general, the methods adopted for
regulation of barrage with a view to keep away the sediment
from the offtake are as under 3=

1. Still pond regulatipn.“
2, ngi-open flow system of regulation.
3, Wedge type system of regﬁlamion»

gt111 Pond Regulation := |

~ The function of a divide wall projecting at right
angles upstream of the barrage or weir is to isolate the canal
head regulator from the mein flow and to create a pocket for

the undersluices, separating their from main weir.

In the still pond regulation the under sluice in the
pocket are kept closed when the canal is running, The quantity
~ of water entering the pocket depends on the intake of the canal.
Only that much waxer‘enters 1n-it; which is requirgd by the
canal, and the surplus amount of flow is being discharged from
the‘other gections of the weir, 'With the result, the veioéity
of flow inside the poakef gets,vtherefore, reduced considerably
as the smaller discharge enters through the same water way.

The sediment load thus settles down and a relatively silt free
water finds its way into the canal. This system is effective
till the crest of the head regulator is suffiefently high«than
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canal 1S then opened and the sluices closed till the scouring

again becomes necessary.

This system has been‘tried in the Punjab and f§und
énite effective for silt control(ajf Its draw back is that it
necessitates closing of the canal for a day or two each month
resulting in wastage of discharge and loss of irrigation to that

extent,

Semi~Open Flow System 1=

_ ~ The undersluiees are kept open to the required
extent to escape the surplus water, entering the pocked in fromy
of the head reglator. The partisl opening of the undersluices
under normal working of cansl, incroases the discharge and con-
sequent1y~thé velocities and water surface slopes in the pocket,
With the result the veloeities in the pocket will be'greaxer than
that in the case of still pond regulation. It is misunderstood
that the partial opening of the undersluices increases the forward
veloeity and carries greater quantity of céarser gediment into
the main river down stream, and a relatively silt free water passaﬁ
into the eanal. The increase in the velocity results .a heavy
withdrawal of coarse material withih the sﬁction reach of the
sanal. The ratio Vp/Vp also comparatively reduces and hence a
greater amount of bed load enters the pocketQ The veloeity will
also exceed to that extent which is required to deposite the
sediment. (Consequently the sediment will not deposite in the
pocket, The sediment either will enter the cancal or will pass

through the undersluieces,
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With the cregtion of high velocity of the flow
at the mouth of the pocket, a greater amount of sediment enters
the pocket. Due to the high velocities of the flow inside the
pocket a large proportion of top water moves down straight
through the under sluices into the river and a relatively
sediment'ladden'layers of water find its way into the eanal,

It was found during the extensive repairs of the
Lower Chenab Canal that the many freshets were moved through
the undersluices with canal ruming, The canal silted up to the
extent of 4 to 8 ft., in first mile(s)g vhereas with st11l pond
system 1t was found to be only 0.2 feet.

The semi—oxzen‘ riow system especially at .41,0#:
stages of river discharge does more harm than good, The advan~-
tage of this system is that there is continmous secouring of silt

and eanal does not have to be elosed.

Wedge 515%3@ s

With a view to push away from head regulator a
considersble amount of bed material, a greater quantity of flow
will have to be diverted away from it. Based on thds principle
the division of bed load at the nose of divide wall and the
increase in the Vg/Vp ratlo, between the pocket and the river,
can be controlled to some extent by the regulation of barrage
gates. A number of alternatives gate openlngs»or the dams were
tried at Malakpur' - and Maﬁhopurfl - TReseareh Station. It
was found that the twedge!' system of opening gave the minimum
entry of silt into the canal,
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~In this system, the gates farthest from the
head regulator should be -opened more than those near to the
hesd regulator, Hence the higher velocities are produced bn the
river side and the sediment entry to the pockel is considerably

reduged,

KING'S _VANES s~ o |

o Curved or King's vanes, shown in Fig, 18
are constructed slightly upstream of the offtake on the bed of.
the main channel, The effeet of such vanes is to impose en
artifieisl curvature on the bed flow diverting it away from the
offtake, and thus help to deflect bed material away from the A
bénk 1ﬁ$o midstresm., These are concave in shape and takeoff from
the head regulator upstream into the parent channel. In 1940-41
‘three simple vanes, two large and one small, had been provided at
‘the old head of the Upper Bari Doab Canal. Observation made on
these vanes showed that they were very efficient in diverting
all the gravel carried by the canal,

Vanes ére economical, easy to construct, easy to
maintain and being submerged offer less resistance to the normal
flow of the chennel. The number and spating of the vanes should

be determined by model study.

These are not effieient, in case, .. the discharg?
entering the offtake channel is more than 1/3rd of the main

' ¢hannel. There should be enough water passing over the vanes to
)
ifill the offtaking. channel with plenty to spare, other-wise

v
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velocities of water passing across the vanes to the offtake

may get increased to an extent to pick up the particles from
between the vanes and hence carry them into offtake channel. The
con¢lusion drawn by Poona Research si:altimrz\hj regarding the King's
Vanes was that the vanes eould exclude pmactically all the bed

sediment where the discharge conditlons were relatively steady.

} 8ilt vanes if properly designed, built and correctly
positioned give most ef:ieignt results, but on the eqntra:y;Aif
wrongly designed, or built or incorrectly positioned, give detrie

mental results.

. The Fig. 18 shows the main dimensions which are genera=!
lly aﬂopted in practice. King(53 construeted a numher of these
vanes and drew certain generaliaaxien giving the main feature of
designs. . The eaapeess&ﬁa account of the detailed features of .
designs ¥uwam can Be obtained from his paper(g)

The Ring's vanes have been labelled with the following
objections s
1. Unless constructed sufficiently upstreamn, the bed sediment
thrown up in suspension due to the turbulence amd may
enter the gan31;

2, There is.possibility of vanes going eompletely or partially
out of action when the accretion of bed starts in the |
main channel.

3. The discharge capacity of the channel, for which the

design of these vanes is fixed, is an uncertain factor. A
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design effective for lower discharges, may or may not be
suitable for higher discharges,

REVERSE VANES - N

, . In many cases, sand is deposited downstream of ‘
vanes, dae to the concentration of sflt in a part of the channel.
The remedy is to construet reverse Vanmes for re-adjusting the
charge. Vanes are suitable, particularly, when discharge in the
parent channel does not flustuate, considerably. Fig. 19 shows

a sketeh of th@&e‘Vanes.

| UNNEL EXCLUDER ;-

o In spite of the suitable lncation of a heaﬂ -
regulaxor for gediment exclusion, a ;g:geiqnantity of coarse:
sedinent may find its Vay into the chowd. Elsden''®) in 1022,
gave an idea of tunnel type excluder, The idea took a practical
shape in 19?4 yheg_E;eholsgn»éQﬁStrugted silt tunnel in the
pocket of lower Chenab Canals at Khanki and now known as Khanki
type excluder,

A tunnel execluder essentially consists of rectane
gul ar tunnsie with the top level of the roof covering at the
level of the crest of the canal head regulator. The water
approaching towgrds the diversion work, containg heavy charge
of sediment, is neatly separated into two parts by the roof
slab of the exeluder tunnels - the part on the top enters into
the canal and that ﬂnderneath‘eamrying most of the sediment

flows through the tunnsls and is escaped from the undersluices,
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The designs have to be baged on past experience and
finalised by model experiments. The design of the tumnel
excluder depends on the river conditions and the gize of the

regulator. The number and dimensions of the tummels should be
such that these should have a sufficlently high velocity in
order to exclude the coarser sediment without being clogged.

‘The tunnels nearest to the erest of the regulator
should have the same length as that of the regulator, Other
tunnels may be made shorter in length but these details can
only be doeided by model experiments, |

The roof of the slab must be able to support the
maximum waterlead from the top with,(g:ter in side. A plan of
the excluder tumnels at Ehanki weir in the Punjeb is shown in
Fig. 20.

. (VE __METHODS 3= |

In spite of all devices to prevent tne sand entry
into 2 canal at head regulator, it may be that considerable
Qxanti.t.&es of coarse sediment may find its wey into the canal,

Under such conditions it bocomes nacessary %o remove the entered |

sediment from the channel. This is best achieved by construe-
ting suitabi.e structurss in the bed of the camal. 3 acncisé
diseription of the main foatures of such structures which are
generally adopted for this purpose, may be as under g=

1. Ejector or Extractor se

Material held in suspension due to the higher
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veloeities of the incoming water is dropped on the bed of the
canal, due to the reduction in the veloeity. The ejector have
successfully been employed to remove coarse sediment from the

canals. In principle it is similar to tunnel type excluder.

A silt ejector essentially consists of a hori-
zontal diaphragm slab a little above the canal bed which
seperates out the bottom layer ladden with sediment from the top
layers. The disphragu slab is provided throaghout the width of
the canal, The mouth of the ejector is divided into a mumber
of tunnels to eject the silt ladden water into &n escape chanmel,
These tunnels converge towards one side and are taken out through
the bank, In each main tunnel, there are partition walls, further
Sub-diviatng 1t into mmber of tumels. Thess walls, hovever,
end in the Stralght portion towards the emergence of the tunnels,
The tunnel entrances heve to be so designed thet there is no
disturbance at eﬁtry and”thenthe_veiocity should have increased
éziekly to such a value whieh is required inside the tunnel to
prevent themselves from being choked. The canal bed isdlighly
depressed under the diaphragm and the height of the tunnel at m

mouth is about 1/4 to 1/5 the'depth of flow, The roof extends
beyond the mouth for a length of gbout 1.5 ft. and is en canti-
lever. The inerease of velocities is achieved, quickly and
steadily by gradually reducing the crossesecetional area with
streamlined vanes. As the lengths of the tunnels are different,
the head 1oss in them would be different if all of them were to
take the same discharge. As the head availsble is the same for
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all the tunnels, the smaller tunnel wouid tend to draw greater
discharges than the longer one. This would mean a higher velocitﬂ
at entry for shorter tunnel than in the others, and would lead to
the disturbance at entry. To avoid this, either the shorter
tunnel should serve for the major portion of the width of the
canal than a larger one or the tunnel section should be al tered,
each serving with equal width.

) o The ejectors tunnels, when work full bore, give the
maximum efficieney, Minimum ‘head Tequired for their operation
is 2,5 ft. Higher heads, hqwevgr, give more gfficiepcy. The

efficiency of silt ejector or excluder is defined as ;

E = qsa - qsG
48,

where ' S oo
’ E 1s the efficlency of the work,

qsév is the coneentration of silt load in the
approach channel, ‘
- 48 the concentration of 8ilt load in the canal

downstream of the work,

This is most suitable definition of efficieney for
a quantative assessment of a particular design. The velocity
in the tunnels is generally kept at about 9 to 10 £t per see,
For efficient working of the extracter about 20 to 25 4 of the
canal discharge is required for aescapage,

: 9
Fig. 21 shows the ejector of Sarda Main Canal( ’ at
Banbarra (Distt. Nainital, U.P.)
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SAPHONIC RIECTOR t»

Siphorde ojoctor L9 bosod on tho woll knom princie
plo of piphonic nction in an Snvertod bdent tule. In Lheso
otructuros votor heo to rush up and pesses through tho annular
opoeo batwoon the dody and the hood. Tho siphonfe ejector Guring
its oporation con suck tho sedimont that eozos into its path, |
boecuso of the prosence of the vorticsal mpamﬁt of voloeities,
Based on this prineiple, sxporinmonts have been nonﬁuct;é 2) to
ool tho possibility of thic ctrueturo boing usod ag an sodimont
cjectbrg

Tho nmoln festures of saddlo siphon as vedimont
ejector'®) shown {n Mp.22 a re 3

1, 4 guide vano peross the oain channel to devigte
the sedinent transported {n the nain channol.

2. A% opproach tumnel to colloct sodimont and feod
it at tho inlet of the siphon,

3. 4 onddlo siphon to dispose the surplus water
vith the gsodiment eolloeted 1n funnsl,

?he' sediment vhich is divorted during tho normpl
funetioning of the cheanol has no Possibilify of bolng ejectod
until ¢he monsoon soason arrives. During tho nongoon season, the
full supply lovol of the chanmol is 1ikely to oxeoed and the
oiphon would ejeet cut the naterial colleet alonguith surplus vaber,
Bonee a pit is nocessary in tho approseh tunmel 1o colleet tho
gadiront. Tho strueturo can be placed masr the Junetion of o eross
drain vith the ebamnel or noar the hoed regulator of the chanmol,
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The conclusion drawn on the basis of the laboratory experiments
ghow that 3 _
1, The saddle siphon is more effective in the removal
of sediment than a sluice under similar conditions,

2. Ejection of sediment is accelerated if the pit is

. covered,
3, There is a great possibility of a siphonic ejector
being used along the canal system.

VORTEX TUBE :-

o It eonsists af an open top tube plaeed ‘across the
bottcm of a channel either normal to it or at an angle greater
than 30°, To control the flow out of the tube, its downstream
end is regulated by a valve. The upper portion of the tube is
removed to trap the sediment. As the water passes over the
tube, a shearing action across the open portion sets upon a
vortex motlon with in the tube, which has sufficlent veloecity
to prevent deposition of sediment of considerable size. Such
devices have been used in U.S.A. The design of this tube was
first developed by Pafshall. Uppal(lg) Ealso earried studies
on these 1lines and has developed what are known silts in
the bed of cansl. Fig. 23 shows the layout of a vortex tube,
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THEORETICAL APPROACH.

The problem of sediment entry in offtakes can more
easily be understood by dividing it into two categories ;-
1. Offtake which takes off from a curved channel .,
and 2. The offteke which takes off from a straight
l channel.

~ The problem of silt entry is simpler in case ef

1nnundaxion canals than in ¢ase of canals taking off upstream

af a permanent-heaé wotk. Further the weir or barrage obstruct

the free passage of silt in the river and thus increases the
tendeney for silt to be diverted into the ecanal,

1. CURVED CHANHELM:; . o |

A particle ( %) mcving along a curved path is
acted upon by ‘the forces, 1t weight acting vertically down
wards and a centrifugal force acting horiantally as shown in

Pig. 24. This centrifugal foree is given by j
I '

ralir ol Ceesvenisenees (1)
in which, V is the vim velocity of the particle on the
surface at a distance x.
4y is the weight of the partiele.
x = the distance of the partiele under eonsidera-
tion from the reference .axis.

g the acceleration due to gravity.




4dJ

Fig.24 Water surface at the

bend

___ﬁ_,_/‘_'{om canal or river
1

4
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The water surface gssumes a position perpendieular
to the resultant of these foress as shown in Fig,., 24 and

accordingly the transverse slope of water surface is 3

, W2
-]

g X 0.‘;"0‘000‘000 (2)
vhich on integration gives ;
gz = v2 lﬁga X ¢ C FUARES S LB ERT R (3)

where z 1s the difference in elevation between the

water surface at x and that at the inner bank,

At x = ,Rl

- s the rise of water surface 1s zero
and therefore,

D = ﬁ 10ge Rl + c [ZX XN & ¥ h-&;tﬁ(é)
g

if it is assumed thafthe velocity is the same everywhere, in the
eross seetion, the equation for water surfaee becomes j
. vg .
z2 = ""‘g‘" 1039_ X /Bl vesasnnsasse(B)
The difgerence'of elevation between the water surface

at the outer and inner bank is 3

‘ v .
h = v '10ge 32 - 6'0-0.0:%.&66(6)

& 1
Thus at any level, according to eqn. {6), there is a

greater pressure nesr the outer bank than the inner bank or in
other words it can be stiéed that the free water level for any
particle near the outer bank is higher than the free water level

near the inner bank in the same eross section. Therefore, the
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the water at higher free elevhion has'a prevailing tendeney
to flow to the places of lower elevations., However, this
tendency is prevented along the surface by the centrifugal

foree,

Purther, at the bottom, the veloeity is considerably
less than that at the top dus to the fluid vhkcosity and the
bed resistance, With the result the magnitude of the centrifue

RN

gal force developed at the bottom according to eg. 1, will be
smaller as cogpared‘tq that ap‘the top; This difference of
cgntr;fugal'farqe in a.vertieal_results in a helicoidal motion
in the flow as shown in Fig. 11l.

~ The %op water, therefore, dives in from the outer
bank and moves along the bottom, carrying sediment to the
inner bank, where it is deposited,

~ This type of rotary motion as in Fig. 11 has also been
observed by Azins (8) near the entrance of water to the offtske.
He found ihax this spiral motion reduces the efficiency of the
defensive devices which are commonly used to reduce the entry
of bed load into the diversion works., He eonsiders that the
angle between the parent channel and the diversion, which he
calls ‘angle of twist!, is the main parameter of this asymmetry
of the flow. Thus, according to him, the angle of twist off=
take angle) determines the intensity of centrifugal forece
engendered by the curvature of the flow filaments at the

entrance to the diversion,
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(6)

Later on, Lellavsky conducted avseyies of experiments

in order to verify the observations of pZin.

From these experiments, a correlation between the angle
of offttke and .- the radius of curvature of flow filaments
was presented by him in a graphical form as shown in Fig.10.
‘From this graph the value of R is presented 1@ terms of the bed
width of the offtake chamnel, b, and i8 as under :-

' W—Q ........
R = b/2 tan

o zn_establis@;ng“this”fqrm_of‘igtgrfrglation bétyeen"

@ and R, model ftest work were cerried;rﬁ?, These tests con-
f1rmed tﬁa@qthquchgnnel_form at the entrance fo the offtake was
basically unsymmetrical, It waé»fqund‘similgr to that occure
1ng in a bend of an alluvial river. At the point where the
water changes 1ts direction and strikes the downstream bank of
the canal, a deep scour (oceurs in errodible bed only ) was
developed while the sediment accummulated in front of it at
the apposite bank of the offtake as shown in Fig. 27.

It is obvious that the change in the direction of a
moving filaments of water, which is deflected from 1ts original
Path ab té-be, cannot take place ébruptly at the apex b of
the angle but ocecurs grddually as shown by dotted curves in
Fig. 26, It is evident from the figure that 'RY in right hand
diagrem, (8 > 90%)  can never be made eqﬁal to R in the
left hand diagram ( & < 90 ).
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Thus, from equation (1) and equation (7), it appears
that the magnitude of the centrigual force produced at the
entrance to the offtake mainly depends upon the value of @ .
It is believed that division of bed load between the main and
offtake channel is a function of this angle, Leligsky has
hgs plotted a curve showing a relation between angle of offtake
and eentrifugal force produeed at the entrance to the offtake,
He stated that this graph relating F and e 15 derived from
the average radius of curvature of- the flow filaments and
angle of offteke relationship. According to him this was
verified by theory as well as by experimentation.

Tults(lo)

pointed out that the design of head works for diverskion of

vhile discussing on the Leliaysky's paper

water from axmain channel as @escribed by &eliavsky in his
article 'Sloping Sill Sand Sereen! does not take care of
all the h&draulic eonditions involved in this problenm.

According to Tults, the angle of offtake, expressing
the intensity of centrifugal foree is a hand empericeal formula
and not thavonly factor which is responsible for the excess ‘
entry of sediment into the offtake,

In his opinion, theoretically there 18 another
possible method of improving the performance of a diversion
structure by balancing the centrifugal force locally in a bend
of the intake. This reduces the otherwise unproportionate
volume of sediment ladden bottom layers entering the intake

works.
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The basie formila for the change in centrifugal

pressure in curved flows is 3 |

de. = ev 2 A o
t - QV ..—E.. .00-.00;.-!(8)
R R ¢ Rd® __

vhere, ‘ o
’ p 1is the centrifugal pressure

R the radius of flow filaments,
¢ the density of fluid,
Vt the tangential veloeity.
Vg the radial veloetty,
8 the angle of dei‘leetﬂ:on.

- The flow along the “bend follows approximatelv ‘bhe
poten’cial flow pattern with a Veloelty
‘ vt = C/R (9)
in whieh,
C is constant replacing Vg in equation (8) by
C/R, and negleeting second order terms. The radial pressure

in 2 bend becoumes 3

B = Lo e {10)
dr RS ' T \10)

and the total radial pressure differsnce between the
side walls is '
Bl '
P = ""%h— dn eses na(ll)
It 1s ebvicus that the value of p may be

kept eonstant in a erossesection by decressing the radius, R, of
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the flow near the bottom to offset the reduction of € due to
friction. In this way it seems to elliminate the unbalance centri-
fugal foree in the begd to the intske which produces secondary
eurrent which is deterimental there, '

_Thomas(7) has also given a good explanation about the

flow in a curved channel, which briefly may be a stated as follows:

. When water flows in a curved reach of a strean a
force 1s needed to produce a change in momentum of flow due to
change in directiond flow ; The water rises tovards the outer
bank in a curved cgnal;and'the.transvarsg.gpd@ient, as given by
Edn, (2), of #hg surface represents the inerease of pressure
necessary to prodgee_this»ehapge'of momentum, This inerease of
preséure is uniform on any vertical,that is, at any point in

'plan the pressure incresse is the same in water near the_sgrfaﬂe
as in the_waterrverticglly beneath, The veloeity-of -flow is
~greater at the surface, than near the surface as the water
vertically beneath, The velocity of flow is greater at the
swﬁthnmwtmbﬁaﬁhmm,ﬁ%ﬁMsmehmewﬁm
on each surface due to the same pressure gradieﬁt, the coarse sedle
ment moving along the bed is deflected ﬁore easily than the
surface water, It can clearly be understood from Fig.28 showing
the change of momentum of small imaginary prism of water at the

surface and at the bed,

The difference between the angles in the above vector
diagréms is reduced by the interehange in momentum due to turbu-

lence and by bed frietion. But the genergl result is that the
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mean curvature of surface eurrents in plan is less than the

mean ecurvature of the stroam, where as the mean curvature of
bed currents is greater y @3 shown in Pig.29 resulting in a

cross-flow at bends and surface water diving at the coneave

bank,

OFFTAKE FROM A STRAIGHT CHANNEL ;=

Similar action also oceurs at an offtake from a
straight reach of the main channel. If the main channel is
straight and offtake is at an angle to it, the flow entering
the offteke is curved and the slow moving bed load will be
deflected more sharply towards the offtake than the surface
vater, ngsequentlyrthe;offtake dravs mqre‘sadiment'lgdden
‘water than surface water. If the drawing force of an offtake
is expressed in terms of velocity and if for the sake of
simplieity two dimensidonal resolution of velocities alone is
considered the vectorial diagrams of bottom and top waters

for the offtakes *) will be as shovn in Figs. 30,31, 32.

i) Righx angled offtake'u The vectorial diagram of top and
bottom waters for right angled offtahe will be as in Fig.so.
The resultant velocity of a slow moving bottom water will be
found to be more.inelined towards the canal head than of

the top water moving at greater velocity.

i1) Fig.31 shows the conditions considerably inproved. The
- difference in the inclinhthon of resultant velocity of the
" bottom and tpp waters is very much reduced, An inclined
offteke as shown in Fig, 31 1s thus enabled to attract
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more of top water. As the top water does not carry sppreciable
amount of sediment, a large quantity of its diversion into the
offtake ultimately reducés the sediment c;rriage towards the
offtaﬁe.

111) On the same anology more light could be thrown on the Off'=
takes reversely inclined, In Fig.32 are drawn vectors separately
for water moving at bottom and top layers from the siream into
the reversely inelined cfi?ake._.Ficm these it can be seen that

| instead of, results improving they get worse. The resultant vector
for pottom»Wgyerlis mqu more ;nclineq in comparison to the
~ top water than even incase of right angled of fhake.

A,comparatlve study of the veetoral diagrams con=-
sequently reveals that from the sediment distribution point of
view, the offties at acute angle to the stream are better than
any other angles of 90° deg. or greater. As the acuteness of
the offtake increases, the quantity of the sediment entering
the offtake also eorrespondingly reduces,
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SET_UP & PROCEDURE

Lid

) The experiments reported herein were carried out
in the Hydraulics Laborgtory of the University of Roorkee,
Roorkee, in a 3 ft. wide and 20 ft, long concrete flume &s
ghown in Fig, 33, & 16 in, wide offtake channel was taken
off from the right hand side wall at a distance of 7;78»fta
from the upstream and of the main fiume, The offtake angleé ,
aﬁoyted for various _orientations of this channel were 30° 60°
00% 120° and 1so°. |

-

R 4.5 ft. long and 3 e, wiée heéﬂ box fitted with -
doudle row of briek baffle walls, was used as a stilling device,
3h§ suﬁ?ah;edgate\arrangements were also provided at the downe
gtrean ends of both the channels, The top of the side walls
were marked at an interval of one foot in order to allow an
aceurate determination of the position of water and bed surface.
The bed of the flume Was also marked slong and geross the section
at ois«ft. intervals from 6 to 12 ft. It was, therefore, made
pogsible to obtatn the veloﬁity'traversas and depths of flow

at these sections.

Proper arrangements were also provided for feeding
and collecting the bed load as shown in Fig. 33.

u Water was supplied to the flume from an over head
tark through a 4 in. diameter supply line fitted with a 4" x 2"
calibrated orifice~meter. The taps on both the sides of the
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SCHEMATIC DIAGRAM OF THE EQUIPMENT
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orificemeter for measuring the differential head were connected
through 3/8 in. rubber tubing to the mereury mahometer which was
fixed at a height of 3,5 ft, above the bed of the flume,

, The discharge vas controlled by means of a regulaxlng
valve situgted in between the headbox and the orifice meter, The
water Was then allowed to pass through the baffle sereens and
the spaces of dumped boulders in the gap of the baffle walls,
and then to the flume. The stilling device helped to destroy
the excess energy of flow and to distribute the flow uniformly
across the width of the flume. The water which entered the
flume was thus ocnsiderably stilled., It then floved over a
digstance of 7,78 ft., and from there the water was shared by the
oi‘ftlake_ ¢hannel in accordance with the gat_e adjustment at the
downstream end of the main flume. The remaining water after
flowing through the main flume beyond the downstresm kiwemgh
end was discharged to the sump through the overflow channel,

The water after passing through the offtake was
diz?ected‘ into a %ail box and then was ellowed to pass over a
1.45 £t, long sharp erested weir, A hook gange, 2 ft., upstream
of the weir, was also provided to megsure the discharge passing
over the weir. It was graduated in inches having a least eount
of 0.01 in., which was considered satisfactory to measure the
head over the weir. Thus, the discharge shared by the offtake
was measured with the help of this hook gauge, '

Thereafter, the discharge passing over the weir was




62

led to sump from the sump the water was pumped back to the over
head tank.

POINT GAUGE :- |

, A point gauge mounted on the wooden frame was used
for measuring water and bed surface profiles. It was possible
to megsure a difference of 0.001 ft,, in the elevation with the
help of this point gauge,

PITOT TUBE 1=

~ The pitot tube clamped to similar point gauge
mounting and connected by 1/4 in., rubber tubing to water mano~
meter vas used to obtain the velocity traverses. The scale
attached to the manometer was having @ lesst count of 0.1 ineh

which eould be further read upto,0.0QS"by‘visual inspection,

EXPERIMENTAL SARD AND RED BEADS s~

| The sand used for the experimental purpose was

off dark in eolour with few grsy;sh and shining white grains and
were fairly reetangular, The sand used was of size passing thro-
ugh the U.S. Seive No.20, having the openings of 0.84 mm., and
below that, The seive analysis of the sand was earried out and
the size distribution curve, as plotted for the sand sample, is

a3 shown in Fig.34 and dsp = 0.60 mm,, was taken as the
representative af size of the sand.

Red beads used as bed load locally called *Rattis® «
The Rollers were having the characteristies property of moving
at small wvelocities and were blood red in colour with black spot.
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These were spherical in shape and their diameters varying from
1mm to 2 mm.
HUHEEB OF S -

The runs were taken for a set of predetermined
varthles. These variables include five angles of offtake ,
three discharge values in the parent channel with thelr three
proportion 108, 20f, 30% in the offtake chamnel, and two
types of bed loads, A combination of these guve in all, a total
of 5x3x3x2 = 90 runs, But the red beads runs for the

120° offtake angle, however, were not taken,

PBOCEDHBE

o The supply ves limited to a maximum of 0.86'cusee,
It was therefore, considered wortiwhile to carry out the expérie
ment at thrae discharges within 0,96 cuset and the adopted dise
charges were, full supply, three-fourth supply and one-half
supply (i.e. 0.96 cusee, 0.7 cusee, and 0.46 cuses),

Next, one of the adopted discharges was then
allowed to-enter the flume by opersting the regulating valve,
The discharge entering the flume was controlled with the help of
mercury manometer, The flow was allowed to attain steady
eonditions and the tail ga&as vere then-operatedvto divert the
reduisite quantity of water in both the channels,

Three proportions 108, 204 and 304 of the parent
channel flow were in turn, diverted to the offtake channel.
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The water and bed surface levels along the centre
1ine of the flume were taken at intervals of 2 ft., under the stea-
dy flow conditions,

‘ Measurements of the depth.of flow across the flume
wvere carried out at 6 ft., 7 ft., 8 ft., 8y ft., 9 ft., 10 ft.,
and 11 ft., from the upstream qnd Qf the :luyg.. Dgpths vere also
measured in the offtaking channe;jgx the entrace and also at 1 ft,

and 2 ft., downstream the entrance,

1o¢C ISTRIBﬂT‘,N_,=?” » e e o
~_ Velocity traverses were obteined with the ald of
a pitot tube at five places in a crossesection of the flume, as
shown in thg_f;g.(aaj, at intervels of 1 ft. The velocities were
also obtained at three points in the vertical (i.e. at the bed
midudepth,rand surface level), Such a veloeity distribution vas
obtained at 6 ft., 7 ft. 8 £t. 8} ft, 9 ft.1@ ft., and 11 ft.
along the bed of the main flume.

Veloeity traverses were also obtained on the bed
of the offtake at the entrance, 1 ft. and 2 ft., downstream the

entrance.

SAND FEEDING =

_ Next, the weighed quantity of the experimental

pand was fed regularly by hand spreading over the entire width
of the flume at a place 6 £t, upstreanm the point of diversion.
The runs for sand feeding were contimnued for 2.5 hrs to 3 hrs.
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at higher discharges and for about 4 hrs. to 5 hours at low
discharges.

When the feeding of sand was stopped, the material
lying on bed, upstreem the point of diversion was allowed to
move down, The run was closed, as soon & the steady conditions
were achieved indicating thet 1o sand was being drawm by the
offtake channel from the sand deposited before the mouth of the
-offtake, |

FEEDING OF RED BEADS =

- Red beads numbering 600 to 700 were f'ed across the
w:ldth at intervals of 1 in. with the help of a scale fitted on
a large wooden plank kept across the flume, These rollers
were fed two to three times to ensure the surety of results
obtained,

A mean of these sets of feeding was taken,

COLLECTION OF BED LOAD =

The sediment as shared by both the channels arms
was collected Prom the two trap boxes, situated at the end of
the respective channels: The sand deposited on the bed of the
respective e_i;annel.s below the point of diversion was also
gounded towards_ that collected from the traps.

The sand was then dried and weighed an a balance,
The percentage of sand shared by both the channels
was then caleulated,
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, - The beads shared by botﬁ the channel grmg
were trapped in the espeeially provided wire mésh‘traps at
the downstream end of the respective channels, These were
then collacted from the traps at the end of the run. The

porcentage of beads diverted to the offtake was then found
out u' |

A similar procedure was adopted for each run,
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ARALXSIS

In order to study tbe effect of the angle of offtake
on sediment distribution in canal offtakes, experiments were con-
ducted on five different engles, Three discharge values were
allowed in the paﬁent channel for each angle and afixed Quantityaf
sediment was introduced at the head of the parent channel at a
distance of about six feet from the point of offtake., Sediment
proportion were studied in offtskes for 10§, 20% and 30% of the
flov¥ in the parent channel, Thus for each angle of offtske there
were nine observations ot' sediment di’stribution.

It was cbaerved. that the movemen’c of' 3and wes not |
significmt at lower discharges and hence red beads locally known
as rattis! vere introduced in the flov vhich moved for ell Values
of discharge. Bed baads were uéed for four angles and 36 obser=
vations were taken as:!.ng then, ,

Bed Load mgle of offtake relationship.

Fig. 35 shovs a plot between the pereentaga of bed
load shared by the off-take as ordinate and the angle of branch
ag abgeissa, The diff-érent lines indicate the different dis-
charge values allowed in the offtake which were 104 , 20§ and
304 of 0,96 cusecs discharge in the parent channel. It can
be seen that the eurves contimme to rise from the angle of
30° wpto about the angle of 90° , and then they tend to
become horisontal. The nature of these eurves indicate that the
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:l_;ncre-ase in the percentage of bed losad moving in the branch
channel, for g particuiar percent of discharge diverted in the
branch channel, continue to inerease with the angle of offtake
- upto 90% and then there is no variatiod in the percentage of
bed load, for increase in the offtake angl.e-.

| In F‘ig. 35 the curves are abtained for threg percen=
tages of discharge entering the branch, and for partioular totel
flovy Qg s+ With the increase in the percentage of discharge -

entering in the branch, ~the curves lie above the preceeding one,

,,,,,

experimental results, show a general trend, ror eaeh of the ¢ase
plotted, but a slight departure in ‘the shape of the curves, for
quite a[zases, can be noted. The curve for 208 of 0,96 cusee
discharge; is flatter, as compared to those of 10§ and 30%.

It 1s 5_.ndiea§1va in fig. 35 that there 1is little
scabter in the plot , the points which departs from the smooth
i._curvea 1153 in the close proximity of the curves. Similsr plots
for Qg = 0.7, and Qg = .46, ave obtalned in Fig.36 and Pig.37
{%respecu%hf. in Fig.36, the curve for 10§ discharge has a very
'i»sharp inerease of the percentage of bed load, Gy , from the angle
of offtake equal to 30° to 90% whereas in case of other two, it
1s not sos The curves, for 20% and 30% discharge have mors or

less the Same shepe, which is evident from the Fig.36 itself.
In case of eurves, for 104, of discharge, there is a seatter in
the results plotted, but in case of other two, the data appears

consistent with the surves,
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» A similar explanation also holds good for Fig.87 -

for ¢ = +46 ousec, o

F1g.38 shows results of the experiments conducted by
Yogel; The data of the present investigation for full supply dis-
charge (1.e. 0,96) amd for an angle of 30° has been supperimposed
on his plot, I% can be seen from Fig,38 that author's data con-
forns to Vogel!s data to a great extent. The slight deviation
in the two may be due to the difference in the composition of bed
natertal,

o tthe data of the prasent 1nvastj.gation a8 plotted in
Fig.as for the percentage oi‘ sand diverted into the offtake,
differ from the observation of Bulle. It is interesting to
note that in the present investigation the emount of bed load
8hared by offtkke at an angle of 30° was found to be mintmm
28 shown in Figs, 35,36 & 37, vhereas in case of Bulle's studles
.1t was maximum, which is evident from Fig.1., It should be noted
 that the offtake channels in his studiés, had the same areas as
the parent channel and the discharge in offteke and the parent

hammel were also same. In the present study, the width of the
parent channel, and also the discharge ratio in the parent

and the of ftake channels were different. Henee variation in
;Xperiments may be the case of the inconformity,

Amongst the several possible factors, which canse the

- excess entry of bed load into the braneh channel, is the curvature
of flow. The presence of the curvature of flow iz due %o
the fact that the approashing water at the point of
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diversion, devilates from its usual path, and changes 1ts direc~
tion in order to enter the offtake channel, The flowing water
has momentum in dﬁ.rect;.on of flowy and the magnitude of which
depends onthe amount. of veloeity of flowWhen the flowing Water
chapges 1ts direction, & force is needed to account for this
change in momentum, e

o ‘Ihe water maving with a valoeity Y on the curved
path 13 aeted upon by its weight vertically downwards and 8
centrifugal of sediment entering the offtake.

.. The veloeities at the bo’ctom lazzera are consider-
ably 1ess than ‘hhcse at the ’c.op. canse@ently, smaller aentri-
fugal force .45 available at the bott@m ‘than that at the top.
This differenee in ﬁentrifugal force 1n a v'ertieal produces
a spiral flow pattern as shown in F‘ig.sa.

The existence and signif‘icax;ce of centrifugal
force has been discussed in the earlier pages alongwith the
theoretical aspects of the problem, It can be seen from Eq. 1
and BEqe 7 that the intensity of the centrifugal foree produced
near the entrance to the o:fffake mginly depends on the value of
6 .. It is stabed that division of the bed 1‘oad:between the
parent and offtake channel is a function of this angle. It is
evideﬁt» from the equatfon 7 that smaller the value of angle o,
greater is the value of R. Thus, it -ﬁppears from Eq. 1 that
the value of centrifugal force reduaaé with the inerease in R

or the decrease in ©
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The foregoing discussion evidently shows that smaller
the angle of offtake, the smaller will be the percentage of bed
load approximately in proportion of water diverted, The test
results obta;ned, as plotted in Pigs. 35, 36 & 37 also confirm
the gbove faets,
gggEggAg?;gEgg%gﬁgéé ?gﬁPOSTTXOﬁ OF MATERIAL IN THE DIVISION OP

~In figures 35, 36 & 37, the relation between the: per-
centage of red beads diverted in the branch channel and the angle
of offtake bas slso been plotted along with the sediment dats,
The smooth curves obtained from the plots are fairly consistent
and shoving a general trend similar to that of sediment distrie
bution. . . ,

~ When the curves of sediment data arve comparedwtth those

of red bsads, it vill be seen that in each casg, the curves of
red bead lie below the curves of se_diment data. The curves as
obtained in Figs. 35, 36 & 37 indicate that the percentage of
Red Poads entering the offtake is lesser than that of sand.
percontage, It mey be noted that the ﬁsehanieal properties of
the bed material 13 an important factor in the division of bed
load at offtakes,

It is wor%hwhile here to mention that the rad besads
were perceptible to follow the path of flow even if the veloelties
Were very lov. The beads normally vere transported as a bed load
by rolling, sliding and slatation with small verticle amplitude.

It is seen that at the bed of the channel, the
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component of veloeity in the direction of main channel .

are relatively low than the components in the direetion of off«
teke channel 15 relatively high, Therefore, the velocity at
offtake mouth were in-sufficiént to transport the large quantity
of heavier partieles of sand beyond the offtake, With the result
the sand particles were dropped by the flow in the form of an
island, at the mouth of the offtake which moved in the offtake
qnongh>thgove‘at yu;y_low”velogities, génce thevpegd'material
Was having a tendeney to move down stream of the main channel
instead of getting deposited gt the mouth of offtake.

It should be ‘noted that 1ighter particles whieh moved
on the bed tend to deviate nearly in the proportion of Water.

N Henee the disaussion supports that‘the differenea
in the percentage of diversion of the two material as shown
in Pigs. 35, 36 & 37 can be expected,

Fig. 40 shows a relation between the percentage of
bed load and 4he percentage of discharge entering the offtake
The total amount of flow introduced in pavent chanmel is shown as
a third parameter, Similar relations huwe been plotted in Fig.
for each angle of offtake for sand as movable materisl and figa:es
39,41, 43 & 45, for red beals as the moving material.,

Fig. 40 reveals that as the percentage of discharge
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into the offtszke is increased, the @aantity of the bed load
entering the offteke also increases, but the increase is not
gorresponding %o the proportion of water diverted. It ¢an be

- seen from Figs. 40, 42, 44, 46 & 47, thal the maximum percentage
of bed load entered the offtake was found %o be 58.07%, for-the
30% of full supply diwh@?e,e,(-ﬁ?-mec) at an angle of 90",
whereas a mintmin of 20§ wes observed, at an angle of 30° for a
discharge Value of 0,7 cusee in the pavent channel, The other
percentage of sediment load shared, for each discharge value i
the parent channel and for each percentage of discharge in the
- offtake channel ab various angles tested, 1lie in between 204 and
58507 % |

All the plets in Figs. 40;[ 42, 44, 46 & 47, show

more or 1ess a straight line variation.

At lower percentage of flow in the offtake ¥hen
the quantity of flow is increased in the parent chax'mel, there
does not appear to be a eeri’aspo-zﬁing increase in bed load
diverted into the offtake. On the contrary, at a higher dis-
charge the sediment percentage in the offtake is appreciable,

| It was observed that the average velocity upstrest
of the point of diversion is greaber than the velocity below
that point, At the mouth of offtske, the upper layers of waters
are in movement and the lower layers are relstively stationary.
With the result that upper layers which dorot oarry sediment
lodd move straight down the channel beyond the offtelke and the bed
load gets deposited in the form of an lslard ot the mouth of the

»
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offtakes The shape and the quantity of sediment load in the island
depends on the discharge and the angle of offtake,

| At the time of expariﬁents it wag seen that there was
ja slight depression in the water surface profiles at the ‘mouth
‘of:afrtake ‘which latter gets back to 1ts origion level down-stream
or hs the offtake, It 15, therefore, evident from Fig. 51,82,
that velocity distribution changes and reduced in front of the
lmouth of the cfftake, to a great exbant

. '},‘hus, with the change and reduetion in veloeity, the
trac'cive fores which is a measure of silt earriage, is abruptly
- reduced in parent chaanel before the hea.d af the ehannel‘

. It was found that the rednction in tractive force ﬁf
ﬂow, drpps its bed load and gets deposited in the form of island
before the offtise, and thms gfforded on opportunity to the branch

¢hannel %o draw more bed load.

It is known that the tract.i?e foree, U = YRS,
is responsible for the movement of bed load in the streams. ,
Hagnitude of i:he bed load transportation depends on the prevailing
traetive foree and increases with the discharge or water depth.
The rate of bed load transportation is different for different
water stages, The maximum setivity of be-é movement is at high
water stages. |

When greater quantity of flow enters the offtake at
high discharge values, comparatively enough tractive foree




30

- directed towards the offtake is avallable for the movement of
bed load into 1t, Consequently a large quantity of bed material
finds 1ts way into the branch channel,

The foregoing discussian furnish an explanation to
justify the brend of the curves, as in Figs. 40, 42, 44, 46 & 47
obtained from the experimental results,

A siniler discussion will also be true fo justify
the behaviour of the curves obtained for red beads runs, in
Figs. 39, 4}., 43, & 45.

RELATION BETWEEN CENTRIFUGAL FORCE AND ANGLE OF OFFTAKE,

N It was obssrved that water entering the offtake
channel experiences a certain centrifugal force due to the
curVahurg in f;ow filaments which produces a spiral motion in
the flow. 4s a result of which the bed material rises towards
the surface. The bed material coming near the water surface at
the mouth of the offtiklte enters the offtaking channel slongwith
the water entering the offtske, The centrifugsl foree is due
to the veloeity at a section A=A as shown in Fig. given beiaw,
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from where, the flow filaments start deviating, the radius of
carvature of the flow filaments at the point of diversion, and
the quantity of water entering of:ttal]ca._

force
The computation of centrifugal/from Eqn. 1 and

Eqﬁ. 7 have been done from the experimental data and the final
results are presented in Table - 5,2 in the appendix I,

The curves in figures 48, 49 and 50 are the presen=
Sation of the results obtained in the above table, Fig,48
shows the Telation between the centrifugal force and the engle
Of offtake in which the curves for 10f of the discharge with
parent; channel, have been obtaineds Fig, 49 and 50 have 'also
been prepared 4n & sinflar mamer for 20§ and 30f of diverston
waters It can be seen that the curves obtained are consistent
vith data. The gradient of the curves 1s fratter gt lower values
of centrifugal force and graduslly increases and 1# found to
be meximum st higher values. The shape of the eurves obtained
from present investigation are similar to the theoretical eurve

presented by Leliavsky; which has been inset in Pig: 48,

The Figs. 48,49 & 50 show that centrifugal forece |,
incresses with inerease of angle of offtake. It can also bs i
seen that vith increase in the quamtity of waber in the offtake,
the eentrifugal foree increases, since the value of vy increses
with the increase in diversion of water,

Equations 1 and 7 show that e¢henge in any of the
quantities in these equations results in a change in the magnitude
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of centrifiugal forces The centrifugal force mainly depends on
the values of velocities and radius of curvature.

.. The correlation of ¥ and e from Eq‘ 1 and
Eqa. 7 reveals cOnCItlsiVely that the centrifughl force engen=
ered in the region where the flow filaments deviate from their
normgl cogrse into offtbke is a function of this angle;

_ The centrifugal force, therafora, @onsﬁitutes
the main fac’oor in governing the behaviour of the sediment
withdrawal ot oi‘ftakes.

‘ o The experimental &ata obta:lned f‘mm experiments,
and as pletted in Figi 48, 48 & 50 are in full agreement and
aenmra the above statements,

FIOW CHARACTERISTICS,

When the wa.ter, without 1ntm&ueing sand was
allowed to flow in both the channels, it was observed that there
Was a promounced rollgr effect on the right side of the entra=
nee bo the side channel, The roller was having a tlockwise
motioﬁ on ﬁrs thielal ws. In other words, it can be said
that i‘h was a case of whirling motion and it showed that its
mternal velocity were appreciably less tb record. It was
extending upto the centre of the offtaking ehannel,

On the left hand stde of the offtake channel

downstream the | point of entrance of water, there was eddy
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motion which can be seen from the photographi

' This roller and eddies were huing the effect of
reducing the cross sectional area of the offtake channel. With
the Tesult 1t ves observed that tho groatest elootty vas.

noticed between the roller end eddies, When the sand was
introduced in the channel, the roller and eddies in the branch
channel get suppressed to same extent, and a bar of sand was
tuild up in place of roller. The presence of roller and
eddies was not significant in case of the gngle of 30 deg,

. amnild heading up of water was alsc observed in the
parent channel Just near the mouth of offtake whieh ¢an be seen
from the Fig. 54. The figure 53 plotted for water surface
proil‘ile-‘ of the__m.ow also shows its presenee; This heading up
of water surface near the mouth of offtake aghin gets hack

to 1ts normal position beyond the offtake:

When the large quantity of flow was diverted into the
afft_ake, negative or adve_rse slope oceurs in the water surface of
main channal downstream the qfi‘teka. 0n the gontrary when the
higher quantity of water was allowed to go down in the main
channel, the slope of water surface were uniform and steep as

occur in ordinary open channel, ’I.'he Figures 33 are the indicaw
tion of the above.

The transverse slope 4in the maln as well as in side

channel were also observed. The deepest water can be seen just
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at the left side on the entrance to the side channel. It vas
found that a deep water grea before the mouth of the offtadke was
also persist in parent channel, When the slopes of the water
surface were compared with in the side channel and parent
channel, it will be's'een that the steeper slope were existf.ing
in the side channel, Tt 4s evident from the Plgs, 51 & 52
that the velocities down stream of the point of diversion were
sualler than those at upstream of that point. This reduction
in velocity, as discussed earlier, drops its bed load in the
forn of 1sland across the mouth of the offtsking chamnel. The
shae and site of the bar vas depending on the quantity of flow
in the main channel and its percentage of dtversion in the

of Pt ke and also on the orientation of the offtake ehammel,

- The bmld:lng up of the sand bar in side the offtaking
chanvel for the angle of 30° was quite different as compared
with other four angles. In case ofthe other four angles, the
sand bar was found to be building up on the right side inside
the offtake channel at every discharge condition in it, whereas
in ease of an angle of 300, the bar was moving from left to' right
side with the corresponding increase in the discharge condition
in tha Offtake.

The flow in case of 30° angle of offtake was éﬁita
different than those at other angles; The smoothness offered
to the flow by this orientation of the offtake tended to dec~
rease the concentration of the roller on the right hand side
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entrance of the offtake, and at the same time a decrease in

the transverse slopes mear the point of diversion in the

parent chanml as well as inside the offtake channel were

observed.,

-3034-
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CONCLUSIONS _AND RECOMMENDAT IONS:

The effect of the angle of offtake on the sediment
_distrihution in channels was studied for five different offtake
angles in a 1abo:atq:y flume 3 ft,g'w;de and 20 ft, lqng,. The
offtake Was 15 in, wide., Three discharge values were allowed
in the parent channel.

- Sand of O 69 mm (median dia.) was fed at the head
of the parent channel and the. proportion of sedlment shared by
the offtske for different discharge values vas messured, In
allf81 observational runs were can&ucted and analyséd., From
the . analysis 1% can be concluded that e _

1, The 30° fotake angle Wwas found to be the most effieient
among gll the five angles studied. “Itvhas_shgwn that
with this orlentation, the percentage of sediment‘entexing
the offtake channel Was alvays less than that entered in

| other orientation angles.

2+ Least amount of bed load entering the 30° offtaking
channel was 20% at 10§ of parent channel discharge into
the offtake.

3+ 1In each case, the percentage of bed load material earried
into the offtake channel was greater than the pereentage
of water going down that channel,

4, The distribution of bed load is a funetion of the




mechanical ecomposition of the material, ILighter the
material, the greater is its tendency to divide approxi-
mately in proportion of water diverted,

5. The curves of Figs. 48, 49 and 50 as obtained from the
present investigation show a falr agreement with lLeliavskys

curve

6, when pure water was flowing in both the channels, a
roller was formed just inside the entrance to the offtake,
This rollar was having the effeot of redueing the cross=-
sectional area of the offtake ¢hannel with a cnuesponding

1netease in uean velocity.

T H;@h“thg_introdugtionvof the sediment this roller actlon
was suppressed to a great extent, but the higher veloeity

contimied to exist.

It is recommended that the following phases of
the problem be further investigated :-

| 1. The effect of various énxrance'conditians for the side
channel,

2, The effect of different cross-sectional relationships
between the parent and offtake channels.

3. The effeet of varying the slopes in the reSpactivé
chaanels,

4.)§ore definite relationship between the action of the bed

 load and its mechanical composition,
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Tgble = 5,1

SUMMARIZED  DATA.
Run Angle 8 Qm in in Bed load Gy Gn
No. 4in deg. cusec, cusee
1 %0 6 108 sand 21,10 78,90
3 3 e 20f " 369 6510
5 5 3 " 4e 5%
7 30 70 108 " 20,00  80.00
o ™ W ¢ me A
O L I R XY
13 30 .96 108 ! 2l.4 7_8?69' |
15 3 _.gé 20% " 39.35 60,65
17 30 96 30% " 45,8 54,20
B @ W 0 N6 @
2 e .46 208 " 380 6200
22 & .6 30 " 462 5380
25 6 0 108 " @me  en0
27 e 0 208 421 5790
22 6 .0 308 "85 8.5
31 6 .96 108 " 318 68.20
33 6 .96 208 " 48 57,20
35 6 .96 308 " 83,5 46,50
37 %0 .46 108 " 3030 .70
33 90 .46 208 " 3850 6150
a 8 46 30 " 5L10 48,90
8 900 0 308 " 32,00 68,00
5 0 0 wf " 4,60 88,40
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B & G o B R
# %0 &0 308 Sand 54.80 45,20
o 90 96 108 " 32,80 67,20
s 90 .96 208 " 42,50 57,50
53 90 06 308 " 58.07 41.93
55 120 45 108 o 20,60 70,40
& 1 46 208 " 44,10 56,90
® 12 a5 308 : 52,90 47,10
6 120 70 108 " é;,.a’ | 68,70
6 120 W70 26% " 4:3;6:1 'és.f@
& 10w a0 . sz 46
@ 120 96 108 " 36 e
® 12 96 208 v s .5
7 120 96 308 o 55,8: 44,20
B 150 +46 104 " 30,10 69.90
5150 .46 208 " ©.7 5730
7 180 46 308 n 517 48,30
% 150 70 108 J 34,4? 65,60
81 380 0 208 " 01 5.9
& 150 20 308 " 53.7 46,30
8 150 96 10% . 349 65,10
87 180 96 208 " 0.9 53,10
89 150 96 30 " 86,0 44,0
2 3 .46 108 Redbeaqg 17.1 82,90
4 30 46 208 " 2.7 70,30
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ARITR TABLE 5.1 (Contd.)
“Run Angle ® .Qp in Qb in Bead load Gp Cm
Fo. in deg. cusec. cusec :
6 20 46 30§  Red bead 41.5 58,50
8 30 70 108 " 17,25 82;75
10 30 20 208 " 31,05 68.95
12 3 70 30 " 46,4 53,60
14 30 26 108 n 18.1 8190
16 30 ,96 208 n 31,8 68,20
18 30 96 30 v a1 83,90
20 & 46 108 0 2.4 78.60
22 60 46 208 " 83.4 66,:,60
22 60 46 30% n 45,00 5500
26 60 70 108 n 22,4 77.60
28 & 0 208 37.8 62,20
30 60 70 30§ m 46,4 53,60
2 & 26 10 o219 7810
34 6 96 208 " 37.0  63.00
36 60 06 30§ " 07 5230
33 90 46 108 " 20,65 79.35
o 9 46 208 " 33,2 66,80
2 90 46 308 n 461 53.90
4 90 20 108 o 20,0 80,50
a8 90 70 208 n 36,5 63,50
48 90 0 3¢ 47,1 52,90 -
5 90 96 108 " 215 78,50
52 90 96 20§ " 37.2 62,80




[y

fasata

'ABLE = &

M. Inter, e G UM B G
54 20 96 3ok Red beads 4.1 50.9
74 150 6 108 n 22.6 274
76 150 46 20% " 37,8 612
%® 10 46 08 0.4 ©.6
80 160 0 108 " 24,2 75, 80
82 1% W70 208 " ?723 5280 |
B 1% .M v sas 4520
86 180 ,9? 108 " 25.6 74,4
8 1% - .96 208 " 8.6 6.4
90 150 96 304 " 54,2 45.:,8




D |
b aide

0°9g
0*zg
8°L¥
6°0%

S* %

08° 2%
ge° &g
6°%¢
8°8¢
g°1e

vis
2*eg

8°vg

g°0g
o°o%
106

259" T
8I°T
geg*
6L°%

e8E°T

966"
9g*
vo°€
o89*
3ec®
-
86" g
8L34T
‘p29°

et
sT9°3

L -~

¥ 96'8 2p8°T

“« 8T8
2g° 950°1
. ™ .N.mpw.n

5 ...MM..tmw

w  lo°g
sLe° goest

u g6t

‘u  89°€

» g98°3

1981 8T°T

A 134

™ N.ﬁmm"

o Hm.@».h
80%* go08°

—

§88°3
g8z

€e's
oT‘E

g1°e
02°E
0e°g

OT*XE |

S IATA

26T°T

..goﬁ.ﬂ
e84 T
ot*z

‘BL3*  23°6 PO°T

oe*T
Te'T
89g°1
“Nﬁmw
Las*t

PHAL
€081
. 86°T

S4°1
899" 1
B60° 1
ey
$e° T

8"t

82°T

98°a

zl9°% -

sve-e
e
gL €
1'g
90°g
33

- oue
86°%

v

86°T
vi'e
82
. bmrmw
€9°3

osT
o6

oc

06

oe
OST

] u

BGQ . 4
Yoz  oL*

134
ge
X
48
5
€e
ST
S8

Te

K4

&
‘6z’
T

{

p

/oA B /M

/M 9/ A

A

H

eTduy

-

Q

(perugauop) g°g - eTqel




112

9°T%
&
9*8e
$ pe
orz€e
g+ ze
0*03

s &

tie
&éov
5%
Liaw
g*8e
o*se
6*9g
1°0g

'g*0¢e

9°0¢
T°1e

188°
R -1
g85°
&'z
195"
sge
g31°
g9%1
yaie
ogv*
gse’
gs° 1
L66*
+2E°0
969°1
$T°T
ooge*
¥29T°

0650°0

9gL1*
o

£680°
°

£e80"

ses ¢
P2z
gv0° T
$1°91

1'%

g8t g

416*
0%
ote'T
2g9° 1t
" gBee
298
za‘e
560°2
9z6°
8L°28T
og*e
634" T

199°* $ES*T TWe'T 8ov°8

202 Z¥°1
&2 o889 1
gv°8 9¢°1
0L*2 THO T
4S°8 B09°T
08*% §49°1T
£1°3 oov° T
L0°T SEO T
26T+t 860°1
6Lt Tpet
$1°2 GOV 1
goP*T 292°T
S8Ee*T £81°1
23°3 TI8°T
S1*g 89%°1
€12 op°T

0t*z S%°T

48°T 80e°T

$3°€
68*c
16°€
ee v

POT ¥
18y

tvie

SBL T
= Ak

88°%

26H°¢
T

ga‘z
-1

88P° €

£5°8
ec* e
10°€

9290
280 T
) TA
zot*
g29*0
1e8'e
ot
gg9*
280°1
1ze°2
o
ge9*
280°1T
8€°8
0L9T*
c@o"
380°1
Tee e

oe

oe
ost

06
oe
06
oe

08

oge .

13

¥o1t

a9

A A

&

q

oTBuY

"/ A PH=d

s/m

/04

2°G - oTde &




	62513.pdf
	Title
	Synopsis
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	References
	Appendix


