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SINOPSIE

Submerged flow over weirs is a common phenomenon
during high floods. Ths dischargs passing over the veirs
rédduces considerably besecause of the effect of sulmelrgenca.
The reduction in discharge quantity is evaluated by
arbitrarity chosing some value of the coefficient of
Discharge which normally gives much error in the stream

flow data.

The work dene in.tﬁis field has been ra#iawed for
different types of welrs both for the purpose of laboratory
measurenent and fisld measurement. Unfortunately the volune
of Literature in this subject is rather not much considering
the importance of the subject.

The relation between the discharge ratio and the
submergence ratio has beon anslysed Yor different types of
welrs taking the experimeniel data of some eminent hydraulie
engineers. The analysis suggests dlstinctly diffsrent trends
for both sharp crested and thick welirs e.g. ogee, Broad crested

atc,

feparate formulae corelating discharge ratio and sube
mergence ratlo for both the sharp crested and thick welrs have

been proposed for use of field eugineers.



LOIATIORS,

(A1l Units are in F.P.S.System Unless otherwise siated)

side slope of the trapezoidal Channel, Horizontal
to vertical.

Side slope of the trapezoldal notch, Horlzontal
to Vertical. |

Welr area corresponding to head Hy

YWeir area corresponding to head Hy

Base width of trapezoldal Channel
Base width of trapezoidal notch.

Coefficlient of diécharge or constantrused in
general equations.

Cooafficient of discharge dus to welr flow

Coefficient of discharge due to orifice flow

Discharge eoefficient proportional %o Froude's
numbey

Depth of tail water below the weir

Hoight of V ncteh

Area of water way in the trapezoidal channel
Area 0of water way in the trapezoldal notch
Acceleration due to gravity

Head over crest upstream of welr, H=Hj + h,
Head over crest downstream of welr, H,=H) + by
Hpstream dqptp of water over crest

Downstream depth of water over crest

Head due to veloeity of approach

Difference between T.E.L. Upstream and T.E.L.
Downstream, Hy « Hp

B} ~ B}, Difference in head water and tall water
lovels.



Constant used in some equations
length of the welr

Effective length of the weir after deducting end
contraction effect

Used as exponent by Villemonte

Number of end contractions or exponent '
Helght of the welr from Channel bed up to crest level
Discharge under submerged condition per Unilt length
Total discharge over the weir in submerged e¢ondition

Discharge under free condition for head H; ver unit
length

Total discharge over weir for head Hj in free
condition

Discharge under free condition &t head 32 per unit
length.

Discharge ratio

% o/ By
8 /H

Submergence ratio Hy/H,

Submergence factor =

Velocity of approach

Angle of V notch

Coefficient of dynamic viscosity

Mass density of water,fluid mass per unlt volume
gurface tension force per unit length

Reductlon factor dus to effect of submergence.
glvew by Mdomen D <l
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INTRODUCTIONR



CHAPTER - 1

1.0« GINERAL

lele A welr, as it 1s normally understood is a barrier across a
river or a stream for the purpose of diverting part or all of
the water in to a chamnel which takes off from the upstream

side for irrigation or Power generation. In India, the weirs
have been constructed on several rivers of north and south for
more than a century. With more stress on agriculture and
irrigation more nos. of welrs are being constructed in the

country at the present moment. Welrs are normally of low height.

It creates & small pool of water at the upstream during the
period of normal flow end the excess water trickles over the
top of the weir, known as the crest. During the monsoon
périod, the flow passes ovef'the wolr submerging the entire
structure. The presence 6i the structure is only felt by a
8light depression of the water level there (Fig.l).

le2.,. Existing weirs are also being utilised_for the measuree
ment of stream flow. The usual formula is @, = c.L'.ﬁi/e where
C is a_coefficient which depends on the shape of the weir
profile, Hy is the head over crest, L 1s the effective length
of welr and Q, thevdischarge required. For normal flows, a
fairly accurate estimation of stream flow data 1s obtained from
the weir formula.

1.3, As the head over crest increases due to flood flow the
water level downstream of the weilr also increases. As this

profess goes on, the downstream water level or tail water level



submerges the crest of the weir by a considerable height.

This phenomenon is known as submerged flow over the weir. 1In
this condition the stream flow data becomes unreliable because
of the arbitrarily chosen value of the coefficient of discharge
in the weir formula. Although many attempts have been made
to study this aspect ef hydraulics , People have been
partiallyvsucceSSful because of many uncertain factors, A
little more about this aSpect_of effect of submergence on the

coefficient of discharge in a weir will be studied by the
author on different types of weirs.

1-4-0
840 DIFFERENT TYPES OF WEIRS

2.141- In the hydraulics laboratories, the weirs are most

_9xtensively usedmfo;_measupement of flows. A weir 1s_a notch

—— - h ) " " - ——“" — o

The &ifferent types of weirs are illustrated in Figl3,

R . - .t
I . -

trapezoidal Shaped etce. are put in this category.

The apprcach channel is the channel leading up to the

welr and the mean velocity in this channel is called veloeity



-®-
~ 4
of approache If the nappe discharges in to air the weir has
free discharge. If the discharge is partially under water the

welir 1s sald to be submerged or drowned.

2.2 Weirs can also be classified in a different way.

Ae According to their shspe at right angles to flow. In
this category are rectangular, triangular, parabolic, propofl
tional, trapezolidal, circular, cuspidate parabolic etc. All

these are in the category of sharp crested weirs.

Be According to their shape in the direction of flow. The
types of welrs in this type are broad crested weirs, ogee type
et¢c. The different types of weifs classified under A & B

above are shown in figure 3.
5.0
2438 finitions:

Suppressed Welr:

A sharp crested measuring notch whose sides are flush
with the channel, thus eliminating ( suppressing) end
con@raction of the overflowing waters: The weir may be suppre=-

ssed on one end two ends bottom or any combination of them.

' Contracted Weir: |

A shaerp crested measuring notch with éides designed‘to

produce a contraction in the area of the overflowing water.

Notchs i
The opening in a weir for the passage of water. |
Reoc ular Weirs
A sharp crested measuring weir with a rectangular notch.

It may be contracted or suppressed.
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Broad Crested Welr:

A spillivay or a measuring device in which the nappe is
supported for an appreciable length ( much larger than the

height of the nappe over the crest) at the throat in the
direction of flow.

Iriangulay weldr or V,Notch: :
A contracted sharp crested measwring weir nothb with

sides that form an angle with its agpex downwardj the crest is
the apex of the angle.

Exee Ovorfall Weir:

A weir that is not submerged. In case of sharp edged
wvelirs, tnére shall be free access of air below the nappe of
falling water, and the tail water is below the bottom of the
notehs In bmad crested weir, the tall water 1s below the crest

and the flow 48 in no way affected by the elevation of the
tail water. |

Dree Weixr:
A weir having crest of ogee shape.

A measuring weir whose notch 1s bounded on the sides
by parabolas.

Circular Wedr: | \s
A measuring welr having circular crest.

Proportional Weir:

A weir in which the rate of flow is simply proportional
to the head over the welr.
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Coefficient of Discharges
A coefficient by which the theoretical disfharge of

water through orificfes, weirs or other hydraul}é structure

Yeloclty of Approzchs

The mear veloclty in the stream

of a weir or a dam or other structure.

Yelocity Heads

The theoretical vertical héight through which a liquid
body may be raised due to its kinetic energy . It is equal to
the squodMe 0f the velocity divided by twice the acceleration
due to gravity.

2.4 The fdllowing are’ the discharge formulae for some of
the different types of /weirss
1. Rectangular . Q=% Cdl L' /2g (ﬂ H*ha)a/g haa/?]
; 3 ‘ - | ° z§-— Do e 5/2
2. Triangular Q 3 cdl /eg tan > dl
: ! — y » 3/2 3/2
3. Broad Cregted Welrs; Q = CL* |{( H+ hg) - hg
3/2 ,
4, Ogee Slaped Welr; Q = C.L! k H + ha) - hgfz],

Where 'C!' 1s the coefficient of discharge which is
diffarent in different welirs. Y

| |
\.6-0
840 SCOPE OF DISSERTATION
8.16:1 Many attempts by different questers have been made
to pilece together experimental data from various sources on

flow over submerged weirs. As submerged flow at 1iits best is



8

unstable, it is not difficult to understand why fhase attempts
have been only partially successful. Dven if some experimental
data can be pleced together its scope would not be sufficient
to represent the picture as a whole. Therefore an attempt is
made to pool all available data on the submerged welrs and

*

to analyse 1t to derive some statistical and graphical
correlations to aid in the design of submerged dams and also .
to goet general ldea about the correct measurement of flow
under submerged conditions. Study has been made to probe if

a genéral equation can represent all types of weirs under
submerged conditions. It is & well known fact that the
coefficlent of discharge in a weir is affected by meny factors.
Out of which the effect of submergence is one of the major
facter. In this dissertation attempts are made to stﬁdy the
effect of submergence only on the coefficlent of discharge.

\+7-0

subject. The coerolation of the submergence and the discharge
ratios may be done for 8 wide range of discharges over
different widthe of the fiuwme. From the data analysed,

though various discharge ra£=' are allowed over the weirs

no definite trend, as to whetheX the rate of flow has any
bearing on the corelation of Q/Q; and 83, could be established,
The aspect of scale effect also could\pot be studled. For
very low range of discharges the viscosidty and surface teneion
oeffects may be Predminent and these must algo be considered.

Further studies In these regard are needed.



Mere studies may also be made to analyse the effect of
the height of the welr. From & very low value of P/Hj to high
values the effect of this non-dimensional parameter on the
discharge ratio :;;\be established.

The geometry of the welr is another very important
factor. Although some stﬁdie have been made on ogee type
crests very few studies have been\made on broad crested
welrs. Different shapes of broad crested weirs and other
welrs over a wide range of discharges may be subjected to
model testing up to almost 100 percent submergence. This
may be done in the same manner as that of James. \GeWoodburn

in the non modular range of flow.
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REVIEW OF WORK DONE



CHAPTER=- 2

REVIEW OF WORK DONE

2.0 INTRODUCTION

Sutmerged flow, defined as the condition that exists
when the tail water at a dam or a weir 1s at an elevation higher
than that of the crest, often occurs during floods at low head
dams and weirs. ©Submerged weirs conserve elevation and should
have wide application in the design of gravity systems where

savings in head loss mean saving in construction costs.

2.,0.1 Despite the considerable lmportance of the problem,
published data on submerged flow over dams are excseedingly rare.
Therefore engineers hesitate to use submergéd veirs for liquid
measurement and control in open channels because of lack of
design and performance data. These early theories satisfied the
limited experigenpal data of the persons postulating them but |
fajiled toczgi:igggnthe other experimental work done later on

to check the theories.

2.0.2 It may be mentioned here thi:/g/}ot of work has been
done for free flow ov different types of welrs. These WOTkKS
are not reviewed Mhere being'bey d the scope of this

dissertation. ,

2.1 The formula which 1s being used to determine the

approximate discharge over submerged weirs is as follows:

L 2 :
(Ref. HyDvawher b Pgof. M-S Govimd  Rue)
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In order to derive the expression it was necessary to
make some simplifying assumptions. Possibly one such assumption
vas first made by Nancay Dubuat (Principles d!' Hydraulique Vol. 1R.

P.203,1816)« He considered the flow over submerged welr to be made
up of two parts.

(1) a free flbw with effective head equal to the

difference in upstream and downstream levels, and

(2) a submerged orifice flow like wise operating

under a head equal to the difference in upstream
and downstream levels.

The difficulty with the above equation 1s in the correct
assump tion of the values of C4q and Cyp which are only to be
obtained from model experiments. For practical problems where
approximate discharge ealculatiéns are required a value of 0.62

for C4y and 0,9 for Cqz is usually assumed. Quf- (hyovaulien b
Pvof. N-S. Govin?d Rao

2.2.0. gharp Crested Welrs;
2.2.1.0; Probably the first man to attempt measurement of flow

under submerged condition wag Joannis Poleni® Professor at the
University of Padua, Italy in 1717. He wrote a book DE MOTU
AQUARE MIXTO on the flow of water through submerged rectangular
notches. A translation of this work into Itallan was published
_ about 1767, but Polenli's work has rarely been mentioned subseqe
uently. Yet his experiments and analysis merit careful study

today.

2e2¢1¢1ls Polonits experiments were conducted with an apparatus
(Fig.4) at a 8tream 12 f£t. ( 386 m) wide and 3 feet (009]5 m)

deep. The weir tank P, was 30 Pouces in diametere.esse.



(0ld french measures : 1 pied = 12 pouces = 144 lignes

= 1.066 ft. = ,325 m.)s A rectangular notch IGEL, was set
vertically with 1its crest GE at different elevations with
reference to the tall water. Rates of flow were msasured by
means of an orifice tank & which in turn was supplied with
water from another large tank T +through spigots Y. Tank S
was 42 pouces in diameter and 21 pouces in depth below the
level of an overflow M. The bottom of this tank was provided

with sixteen orified, X, each 8 lignes in dlameter (1.8 cm.).

In Peolenits first experiment notch IGEL was 31/2 lignes
(1.38" , 3.5 cm.) vwide « Three orifices discharged water in
to the weir tank under a head of 21 pouces (22,4" , .569 m.)

‘ The water level inside the tank P under these
conditions was 86/4 lignes ( 0.78 inch , 1.99 cm.) above tail
vater. Poleni systematlically varled width of notch, submergence
of sill below tail water level and rate of flow. The data
sunmarized in Table 1 may well be the first to be obtained in

systematic experiments on subtmerged weirs.

~ Head on the weir notch versus a factor proportional to
rate of flow per unit width of noteh discharging freely are
shown in figure 5. The observations deviate on the average

less than 2% from the equation KQ/B = @&0.080 ﬁi's where,

N = number of orifices open
KQ= 100 N

B = Width of notch in lignes
Hi? Head water depth in lignes

W # Cu.ft. per sec.
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TABLE-)

SUMMARY OF EXPERIMENTS ON FLOW THROUGH RECTANGULAR NOTCHES
BY JOANNIS POLENI, 1717

( 12 Pouces = 144 lignes = 1,066 feet = 0.3256 m)

B= width of  JlHo=tail wateri N = no. of Iﬁifﬂé'zlﬁead water

notch in lignes) depth in [ ~orifices tail water
lignes. Open. X differential in

31/2 55 3 35/4
31/2 55 6 25
31/2 65 9 42
3ve 56 12 58
31/2 65 15 294/4
31/2 108 3 11/4
3y/2 108 8 41/4
3i/2 108 9 84/4
32 . 108 12 126/4
31/2 108 16 43
38 65/4 3 10
38 65/4 6 85/4
38 65/4 9 33
38 65/4 12 42
38 65/4 15 - 203/4
a8 48 8 12
38 48 18 119/4
79 35 5 10/4
79 35 16 63/4

Contde s ’/



e

- E-— - ek
88 O(Free) 5
88 O(Free) 8 23
88 O(Free) 12 122/4
88 O(Free) 16 37
62 O(Free) 4 85/4
62 O{Free) 8 34
52 O(Free) 12 177/4
52 O(Free) 16 209/4
38 O(Free) 88/4
a8 O(Free) 133/4
38 O(Free) 179/4
38 O(Free) 12 64
a8 O(Free) 16 63
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2.2.1.2, Polenils Conclusionss:

It was clear to ?oleni that velocity of efflux was
prqpoitional to square root of the head on an orifice discharging
freely. He showed experimentally that free discharge through a
rectangular weir varled as the three-halves power of the head.

He reasoned that velocity §1stribution in the section of the notch
between head water and tall water level was parabolic and velocity

in part below tail water level was uniform.

Honce the discharge factor for a rectangular weir notch

according to Polenits analysis can be expressed as ~%I'= ( 1+ 22
. _ T
1

s B,
"y -
( This was done by F.T. Mavies Ref.5 ).

2,2.1;3. An analysis of Poleni's experiments on the effect of

subtmergence of flow through rectangular notches is given in

figure 6. Data was Plotted by gmavies with discharge factor g
as ordinates and submergence factors § = 0y B2 1

%%/ H

as absciésa. Mavies found that the curve based on Polenits data
tallied accurately with that of his own curve based on tests

conducted in 1948 at the carnegie Institute of Technologye. This
will be discussed later. |

Poleni's curve can be represented by the equation

L (1+ 056 ) /T

Where Q = submerged flow

Q= corresponding free flow for head H;
8 /TH3
83 o/ By

& 8§ = submergence factor =
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2.2,2.0. Some experiments were conducted in 1877 by A.Fteley

and F.P.Stearns® for ascertaining correctly the gaugings made

for conveying the water from Sudbury river to Boston for a number
of years, Most of their studies were for free flow conditions
over sharp crested weirs. However some experiments were hastily

done by them under submerged conditions.

2.2.2.1. The exXperiments were done first with 5 ££(1.53 m) long
weirs with depth varying from 0.07 to 0.83i{t(2.14 cm to 26.3 cm).
Subsequently a second weir was tried with length 19!'(56.79 m) and
head range 0,47 to 1.63 £t.{0.,1435 m to 0.497 m).

It was found by the investigators that
Q= CL ( Bf + _%___),/Eé where

C = Bxperimental coefficient which was found %o
vary with HJ

Hi_
L = Length of welr
Hi =Upstream water level = ¢rest level
H§= Downstream water level « crest level

hg= Upstream water level - Downstream water level.

The coefficient C which depended on B / Hi ratio
wvag determined from figure 7. The heads Hi & HS were also to be

corrected to include the velocity of approachs The above formula

was not applicable for Hé/ Hi less than 0.08.

2¢24 3.0, J.B,Francis7 also made some experiments in 1883 to

compute the coefficlents C and C' in the general submerged.flow

formula which can be written as
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@=Cy % L /2 (E -H L Cd gL Hy _/2g(H;~Hg)
'5 CsL. ‘ Hl - Hg)i“" C'cL, / ﬁl-}lg » Hz

The first term of the right side expreMion 18 the
usual formula for computing'the floy¥ over a weir in which there
18 no obstructiony to the flow £x4m the water on the downstream
side using for the depth of th¢/welr Hji= Ho i.e. the part of the
whole depth H; which 15 above the level of water on the downstroam

side 1s treated as a reguldr weir.

The secoud term is the usual formula for the flow
through an orifice of the length L and height H, through which
water is discharged under a head Hy~Hz.

) "v”% “n W\M"L wwalt
2.2.3,1. Francis took C = 3.33 (fps wnits) which was found out

by experiments given in Lowell hydraulic Experiments(1848). -
8:29 in mdnr v

The term C? was found to be equal to 4.5988( fps units) by

oxperiments conducted by hime The formula could also be

expressed as followatg
Q= 3.3 L_/ By =~ H, (B + 0.381 Hg) ( f.p.s units)

If n= no. of end contractions
Q= 8.83 ( 1~0.1 n Hy) / Hy-Hp ( Hy + 0,381 Hp )
( fope8s units).

2.2.4.,0 James R. Villemonte® had conducted experimental work
at the hydraullcs laboratory of the Pennsylvania state college
based on an application of the super-~position principle. He
obtained a general discharge formula for submerged sharp
crested weirs. Results of the experiments akso proved thats-



(1) Triangular and parabolic weirs are more accurate
neasuring devices than propertional and rectangular
types and

(2) That sharp crested submerged weirs can be used 4n
practice with confidence, if certain design and
operatianal specifications are satisfied,

2e246441s As a first approximation to the proper form of sub-
merged discharge Q, as 8 function of the wpstiream and downstream
heads El & Ho above the weir crest a simplifying assumption can
be made. Assuming that the net flow over the weir is the
difference of the free flow discharge due to head Hy minus the

free flow discharge due to head Hp, then
Q#Ql"QQ Shsassntannadte s (1)

This assumption implies that the head Hp does not
directly affect the flow of water due to H, and liHewise,
that head, Hl does not prohibit counterflow due to Hpe Its
use 1k thus equivalent to the application of the Principle of
super position which is frequently used in evaluating the

combined effect of several independent conditions.

The equation Q__ . ;. Qo should not be
- Q U1

expected to give a qusntitative relation for determining Q, since
interaction and other perturbing influences have been entirely
neglecteds These effects would probably contribute additional

higher order terms inS2_ .

Q1 _ .

hj Urll"-ma‘n,(’
The eXperimental tests show that Q/Q; is related
Q2
1

functionally t0 1 - . . but that the appropriate function is
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not the simple linear one of equation -gi- £ 1l - -gﬁf- ese(2)

The results show that this relation ship may be expressed
in the form

L = (1. =2 JTR@ - 22" ciieer (3
Ql Q1 Q1 '

or since Q; = C; nl'ul and Qp = Cg HoAZ

: 2
then =S__ =K (1~ _c232n ym

es0nue (4)
! Q1 Cy Hlnl *

wherse K and m are constants to be obtained from experimental data
and the C's and n's are the coefficients and exponents that

appear in the free flow discharge equation obtained from previous
calibration or by use of an appropriate standard weir formula. The
values of C's and n's for the weirs tested by Villemonte are shown
in figure 8.

For any given type of welr ﬁhe coofficlents C; amd Cg
and exponents ny and ng should be equals Then the equation (4)
reduces to|q§i-»= K ( 1= Sf‘)m where 8,1s the submergence ratio
= H2 ., Thd constant K and the exXponent m which account for the

1ntg§action effects were determined separately for each welr

type by the algebraic method of averages. The results for the
seven weir types tested by Villemonte when averaged arithmatically
showed K aqual to 1,00 and 'm' equal to 0.:385 for a practical
submergence range of 0,00 to 0.90. The maximum variation of each

fron the average 1s less than 1 percent.
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Thus, the general discharge equation for all sharp
crested welrs with crest curvatures expressed by continuous

single valued functions is
Q= Ql ( 1-8?)0'385 sevssenssans (6)

For all sharp crested weirs regardless of cﬁést
curvature the more general form of equation (3) sh@uié'be used.
Assuming the same constants to app'ly the equation for this case
is

Qe (1-32 y0385 e (D)

U

2.2.4.2. [xperimental Test:

The seyen experimental weirs described in f£ig.8 were
vay in a steel flume 3 ££.(0.91 m) wide
d 26 ft. (7.6 m) long. Discharge was

mownted in turn m
3 fte (0,91 m) deep

measured by a calibratdd standard 90° triangular sharp crested
welr placed near the upstream end of the flume, and the degree
of submergence was controlled by three 6 inch (15.25 Cm) vertical
outlets passing through the fl floor at the downstream end

and adjustable in elevation.

The same testing procedure was used for all weirs. After
calibrating each welr for free flow by comparision with the
triangular weir, the discharge was held cons¢ant and the degree
of submergence changed 10 to 15 times from 0.0Q to about 0,96;
Upstream and downstream head observations were taken for each
submergence setting using point gages reading in 4 n(lo cm)

stilling tubes. For each type of weir the same procedyure was



followed using three additionsad” constant discharge rates.
Detailed observations wefe recorded on the behaviour of the

nappe and downstr flow conditions.

The eXperimental results show that the dimensionless

torms 8 and 1 - _Q2 have a consistent functional
1l Ql

relation for all sharp crested weir types. A logarithimig
plotting of simultaneous values of Q/Q; and 1~8% for each
experimental weir (Fig.9) shows the general confirmity of all
data with equation 5. ®%he constant K and exponent m were
evaluated as 1.00 & 0,385 respectively.

It should be noted that as 5 increases the term 1=-t9
decraases; All tests aéfgizgergencergsg'were excluded from the
calculations so that the resulits would typify more closely

practical submergence conditions.

The confirmity of each test with equation (6) is
1llustrated in Fig.10. The degree of submergence is plotted
agalnst the percentage correction that must be applied to Q
computed. by equation 6 to give the measured discharge rate.
Average curves are shown for each constant discharge series;
'tagether with thelr ranges in P/H; and equivalent free flow
‘heads Hy, « The point of transition from surface to plunging

nappe conditions is also indicated.

2.2.4.8. Conclusiong:

Results of experiments conducted by Villemonte agree
favourably with those of earlier workers.Values of Q/Ql found by
equaetion 6 are compared in Table 2 with a summary of existing

data on rectangular notches compiled by Vennard, Weston & Stevens.



s i i e s s

\
|
\

\
8}
\

i
L
i
LA
& ' :
. K
L ;
o~ ‘)"‘ 3
LY ! i
¢ al |
i ;
ooy [
\ JO . . - o - . ' s 4
N ) ) . (s Al ot
D0l L2 s 4 06 L8 SN A ‘5 215 02 4 v

FARABCLIC - =200 hOA : L LAKAR o

Ll 3 AR AT U O AND SUAMEHGENTE

r - v e v - -i- T
" .l
|
l\
. 4 .
- ouaft
1 ,._:4&.”
f‘ - 4Bt
[T I g
! d 5_5;1’[
- - . E -
w .o FE
I A
N " . - 8 . 4
- =, Ayt
} s AL 3 4!
£ N ® .
5 ' ' ¢ r@4-t :
x 2 hdre
b +
G .
.4 .
g 3 - . -{
1
— L i‘

] 1 S i
0 5 =5 o455 =5 O
r ThotLl AR [

Caby RO




e
G

28°0 8v°0 1IS%0 oY *0 SH*0 9V°0 8%°0 %0 06°0
3L°0 £9°0  65°0 65°0 09°0 29° 39°0 $5°0 08°0
28°0 3L°0  0L°0 89°0 04°0 T&°0 12°0 £9°0 0L*0
88°0 6.L°0C  8.4° LL°0 2L°0 6L°0 6.°0 04°0 09°0
£6°0 ¥8°0  ¥8°0 £8°0 £8°0 ©8°0 g8°0 LL°0 050
96°0 68°0  68°0 88°0 88°0 68°0 658°0 280 0%*0
88°0 €60  ©6°0 26°0 26°0 €6°0 £6°0 28°0 0€°0
66°0  L46°0  46°0 96°0 96°0 96°0 96°0 26°0 03 *0
0O°T  00°T  00°T 66°0 00°T 66°0 66°0 96°0 01°0
- 09 - ot*e  0E'% 09 0t*3 - Ta/a

¢ gty mmmﬂﬂ mlm =

' m mhwwmw m m Q do.mpwﬂwmm
mlao«pmﬁvnm m unwnuaow nm.m«fmm X X goaoujeduef zouqng

yogou AX ujfeg)sureisy =3usgoey) moblm

*SNSMMOM HIHIO JO ITINSTY HILIM NOISIHVJIRO0D DNIMOHS

9=-NOIIVALI X9 SHHOION MIHIM QSISIHD JHVHS NOWWOD TTHHL HOd

BUOT] I0 momg Jo eex3deq

Id/8 40 83nTIvA



A
cn

Also values of Q/Q; for two other types of sharp crested weirs are

given.

A8 a result of the study the following conclusions

were drawn by Villemonte.

l. The experimental work indicates that Q/Q, and

2.

Se

4.

1ﬁ.2§_, have the same functional relationship for
Q

each'weir tested. In addition it 1s reasonable to

expect that this relationship should be applicable

to general group of sharp crested weirs.

The effect of submergence on welr discharge
decreases as 'n' lncreases but the stabllity and
consistency of Such effect are improved as 'n?
increases. Therefore, triangular and paradbolic weirs
are more accurate when submerged than are

propor tional or rectangular weirs.

The accuracy of the submerged werés will be

improved if the f£ail water basin is sufficlently wide
and deep to permit free circulation of water under=
neath the nappe. In this way interaction effects

are stabilised.

An application of the principle of superposition
might be valuable in studying the effect of

submergence on other hydraulic structures.



2.2¢5,0. When a\thin-plate weir is submerged that As when the

tail water rises sufficlently above the crest of the notch,head

water will also rise\1f the rates of discharge-iemain constant.

Conversely, if head waler level is fixed abovg a thin plate

weir, rate of discharge will diminish as taill water rises above

the erest, Discharge over\e {s expressed as

a fraction of discharge over \the same weir if it were unsubmerged

but functioning at the same head water/depth. Thils fraction of

discharge Q/Q; 1s a function of the Sukmergence factor

s= R*/ET 44 wnien
Q=BT

Hy, = Head water depth asbove \¢crest.
Hp = Tall water deyth above crest

a; = Area of se t of weir nodgh below the level
' of the head/water pool.

ag = Area of s¢ggment of welr notch \pelow the level
of tail water pool.
2.2¢5.1¢ A simple formula was presented by F.T.Maviess, who
conducted flow tests in 1948 at the Carncigh Indtitute of
Technology on six different shapes of thin plate weirs(Fig.lla)

under submerged conditions, to express relationship between the
&y ./ Hp

discharge factor Q/Qy and the submerged factor for

each shapes

e - . 0
Q@ .00 = &0'45 8+ ~—T10~108
N woy be menhone d fhat b, Vilewomnle o Mowiwr  oare cw-t"'"l‘o’“’}-l

242,52, [xporimentsy
The—tests-were-conducted—in-a—tank—9:7+(2+96-n)-long,
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4 £t(1.22 m) wido and 3 ft.(0.921 m) deep. Weir plates of 16 gage
galvanised sheet metal were bolted to a vertical bulk hea /f;;::
3.2 £1.(.98 m) upstream from a tatl gate 2 £t.(@.61 m) wide which
controlied tall water elevations. Head water and tail water
depths above the crest of//;ch welr were ad by means of open
tube manometers nected to the side”of the tank. A ecalibrated
venturimet nerally used to measure rates of flow. A
calibrated V notch welr was sed for measuring very small

discharge.

The coefficient C in the equation Q3 = C. ay /AHl '
as a function of head for free dischargee For each of the weirs
tested is shown in Fig.11(b).

Tests, in general, to determirie effects of submergence

were conducted as followsy After réte of flow became steady the
venturimeter and head water ey, and tail water gage were

recorded. These obSe_vﬁg;;ns wers. converted reSpeatively-in
to discharge, head/;;Zer depth and talld

2.2.5.3, Analysis Of Data

water depth.

For each observation of Hl,Hp and Q a fictitious dis-
charge Q1) was calculated from observed head water depth and
coefficient of discharge for that particular weir (Fig.1l(b)).

The ratlio Q/Q; 16 the discharge factor. For each test the
corresponding submergence ratio Hp/H; was also determined. The
discharge factor was then plotted as a function of the submergence
ratio in Fig.12. It is seen from the figure that the sutro weir
is most affected by submergence and the weilr least affecfied in

the cuspidate weir.
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The relations between Q/Q; and the submergence factor
15t for all weirs tested are shown in figure 13. Tests of all
submerged welrs follow & single pattern and one curve can be
drawn to represent adequately the dlscharge factor as a functicn
of the éubmergence factor for all weirs tested. The equation

18' Q Tt I o Q¢ 40
Ql s 1400 [Qi%p *m}

2

2,2.5.4s gonclusions by Mavies: .

Mavies found that the resulis cbhtalned by Poleni
(para 24241.) and himself are strikingly similar. He had restated
Polenits formula Interms of the submergence factor '8! which has

been previously mentioned.

242,640. Another fdae study of the effect of submergence on
trapezoidal notch was done by V.Mandrup Andersen and Niels Dah19
at the hydraulic laboratory of the technical university of
Denmark in 1961. They observed that

Q= v.Cp« F /EEHE
Where Q = ©Submerged discharge

F = Area of the water way of the trapezolidal
approach channel.

Fi= Area of water way of weir notch.

Cy= Discharge cosefficient with free nappe which
is a function of FV{/F. B

In the above formula QF 15 a function of Froude's number

\V)
which is given as..(df&.. It will thus be seen that /g H, will
cancell at numerator and denominator ieaving discharge as a

function of hd/H1 which is nothing but (1- Hp/MHy) or (1-81):
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2.2.6.2, Tosts with weirs with a free nappe corresponding to
hd/H; = 1 are treated first. By this arrangement a relation
batween the discharge coegfficient Cy and the area ratio F'/F
has heen found (Fig.g)- It will be seen from the Plot, a
smooth curve can be drawn In such a manner that great majority
of the test points have only comparatively smsll scatter. Only
when Fi/F 1is highsr then 0.6 « 0,7 18 the deviation too great.
This 41s due to the fact that the discharge coefficient cannot
be expressed by just cns parameter as done here. It 1s also to
a ¢oertain oxtent dependent on the geometric shapes With falr
approxzimation this curve in figure 18 satisfies the equation

Cp = 04021 + 0,505 ( Ft/F)1+46
whera 0.2 < FY/F < 0.6 and at < 1,25

2.2.603. Tests with submerged weirs were treated next and a
relation betweén the hd/H; ( which i1s 1 = Hp/H; ) and the
reduction coefficient was found on the basis of the kmowledge of
the discharge coefficients for weirs with free nappe.(Fig.i%).
4 smooth curve which approximates the test rssults as far as
possible is drawn. The deviations (4 to &%) in this case also
may be due to geometric shape.

The curve satisfies the equations

£ 0,392 + 2,00 ha/H; = 2.31 (ha/H1)Z + 0.915 (ha/H)°
1 1

2424604+ Hence for trapezoldal welrs the validity of the
forruln Q = V-CF « F _/Zg Hy has been proved convincingly in
which? depends on the submergence ratio and Cp depends on F'/F.
It has also beeh proved that geometric Shape also affects the
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results although i1t can be of secondary importance because of the

small deviations in the test results.

2.3.0. HIGH COEFFICIENT WEIRS(OGED BHAPED)

243610, Edward'Soucaklo made a comparision between a series

of current metler measuremenss of discharge over the low
University dam ( in mid western U.S.A.) and the discharge over a
1:12 scale model of the dame 7The renge of discharge studied was
such that both free flow as well as suvmergeda ilow conditions
wore compared. Both the model and the prototype exhibited a
considerable reduction of discharge due to sutmergence. However,
the model tests demonstrated the inadequacy of single valued
-relations between the perqentage submergence and the reduction in

discharge capacity.

2¢3e¢1s1e The results of the model tests for free and submerged
conditions are shown “n Fig.ﬁi(a) & fﬁ(b). ¥Following usual
practice the diminution in discharge capacity due to submergence
is indiceted by curves in which the submerged discharge, |
expreﬁﬂed as a percentage of the unsnbmérged discharge which would
obtain under the game energy head, 1s plotted against the
submergonce. For submergence lower than 45%, the relation
between discharge and the energy head was not affected by

the submergence. It is also seen that for different discharge
rates on the model different curves are obisined. It is also
interesting to note that tne sequence of change from a lower
discharge to a higher discharge is systematically from right

to the left exept for the case of lowest discharge which does not
confirm to the above. This may be due to the fact that the
energy head over the model was only 0.1 £t in which case






Viscofity and surface tension might have played some part for
this irregular behaviour. This point however could not be
thoroughly investigated the Soucek.

This means that, the ratio Q/Qy &t the same energy
head is a function not only of the submergence but also of the

discharge flowing over the model.

A part of the relation between submergence and the
ratio Q/Ql obtained on the Deep waterway Dam by the U.S.Board of
engineers 1s also shown for comparision in Fig.lﬁ?{Curve UeSeDeWe e
It 18 seen that the effect of submergence obtained by Soucek was
only a small fraction of that obtained on the Decp waterways Dam.
The effect of submergancé on the model of the University Dam was
not appreciable until the submergence wxceeded 45% where as the

Deep water way dam was affected by much lower submergences.

2,3¢1.2. Soucek opined that the use of a typical submerged flow
data can be nothing but a rough approximation. The fact that

the Q/Q; V8 Hg/H; curve plots to be a smooth cﬁr@eifappéars to
have given rise to a prevalent belief that in general, the eﬁfect
of submergence on the discharge over a dam can be represented‘bﬁ a
single valued curve relating submergence and dischargé ratio.
Attempts to plot submerged spillway date in this manner
invarlably lead to a wide scatter‘of observation points. This

in turn leads to the opinion that submerged flow over dams is

a far more unstable phenomenon than is really the case.

2¢3¢1e3. The conclusions by soucek were that:-



1. The effect of sulmergence on the discharge is
affacted by many other factors 1nc1ud1ng the

shape of the spillway.

2e It 18 pot possible to express the effect of
submergence upon the discharge by a single valued
relation between the submergence and the discharge
ratios In the range covered by the tests the
effect of submergence is greater for higher

discharges.

243,240, United States Bureau of Rreclamatfon’! has conducted
some eXperiments on ogee shaped structures and obtained very
uséful informations about the effect of submergence on the

. coefficient of discharge. The scope of their study was quite
wide., 1In addition to the above, the studies also furnished
information regardinglthe effect of the level of downstreém apron
on the coefficient of discharge and also the types of flow that
oxisted immediately downstream of the weir crest. However only
the relsvant Points will be discussed bere”aé the other subjects
are beyond the scope of this dissertation.

2¢3¢241ls Two small dams were subjected to the model tests. The
sections of the dams and some cosrdinatfn of the ogee are shown
in Fig.ﬁ%¢ Discharge coefficients were firét determined for the
free flow conditions then redetermined for the various conditions
involving submergence. The difference between the two is termed

"The decrease in the coefficient of discharge due to submergence™.



40

This factor expressed in percentage of the free flow coefficient
has been plotted for practically all combinations of flow which

can occur on small dams with horizontal downstream aprons.

2.3+2.2, Iom% Procedure:
Free flow was allowed on the models and the relationship
between head on crest and the coefficient of discharge was

established for both the dams. This is shown in Fig.®.!?

After this the movable floor at the downstream side
wvas fixed in a particular position and a constant head was
maintained on the dam. The tail water depth was then made to
vary from a point of no submergence tc almost 90 to 95%
submergence. About 6 to 8 runs were required for this. During
each run measurement of discharge and downstream water level were
noted accurately. The same serles of tests was repeated while
a second head was maintained over the crest of the dam. These
wvere again repeated for different other heads on the dam as well

as for different floor positions at the downstrasam.

The coefficient of discharge was obtained for each
run gnd the decrease in the coefficient of discharge due to
submergence and also due to the presence of the downstream floor
was obtained for each run by subtracting the coefficient of
discharge as computed above from the free flow coefficient

13
(Fig.16) for a corresponding flow condition.

, 19

243023, The results were plotted in Fig.l9. fne of the finding
18 regarding the types of flows encountered. and—are—shown—in—the
figuares The vertical dashed lines. indicate the percentage
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decrease in the coefficient of discharge due to the effect of .
downstream floor where as the horizontal dashed lines indicate

the decrease due to the effect of the submergence.

The curved portion indicate that the reduction in the
coefficient of discharge is due to both submergence and the

downstream apron.

2.34244s The rosulis obtained from model studies gave an idea
about the general relationship between the @éegree of submergence
and the reduction in the coefficient of discharge. It is seen
from Figel7 that the coefficient of discharge only gets reduced
if the degree of submergence exceed beyond 45% or so.

2¢440¢ . BROAD CRESTED WEBIRS

2441400 James G. Woodburnl® made a number of tests during
1928+29 at the University of Michigan on broad crested weirs

of various designs in a rectangular wooden flume 2 feet(0.61 m)

wide. The crests varied in breadth from 10 to 15.5 ft.(2.05 m¥o
4.72 m) and in slopes and'combinations of slopes from level

to 0,085+ The range of head was from 0.5 f£t. (,1563 m) to 1.5 ft.
(4455 m) and volume of flow from 2.0 to 11.0 cusecs(0.0566 to
0.312 cumecs).

The purpose of tests was to obtain exXperimental data
in regards to the following two advantages of the broad

crested welrs over the sharp crested weirs.

1. Its adaptability to the use of the hydraulic jump

to reduce to a minimum the head lost in the welr,&



2. The possibility of producing flow at critical depth
with a resulting simple.ralation between depth and
discharge which 41s independent of the confusing
effects of veloclty of approach.

2¢4elale Coefficlent of discharge of various weir models were
determined both with over fall and with the weir submerged. The
data thus obtained permitted a study of the effects of submergence
on the coefficient to discharge.

The tests in which the jump could not be produced, when
the welr was submerged, the coefficilent of the submerged weir
was on the average 0.219 % less than for the weilrs with free
"over fall. The remaining tests in which the hydraulic jump was
formed on the crest under the submerged condition the coeffiecient
e the submerged weirs was on the average 0.081% less than for

welrs with free overfall.

The submergence was created by backing up the tail
watef,to an elevation only slightly lower than the water surface

af the downstream end cof the weir.

1

2+4¢1e24 Unfortunately no degres of submergence was Indicated

by Wood burne. By inspectién of the water surfaco profiles

given, it 1s estlmated that where the hydraulic Jump occurs

this submergence may reach 75% to 80% as a maximum with ™Mo
material change in the coefficient of dlscharge: The ability of
the broad crested weirs to operate under sﬁbmerged condition, up
to about ésfto 80%, with practically no change in the coefficient

of discharge gives it an advantage over sharp crested welirs.



The broad crested welilrs coperating under a considerable
degree of submergence requires the measurement of head at one

point only.

However, Wood burn did not investigate the effect of
higher submergence on the coefficient of discharge, At greater
tail water conditions, the wpstream water level will fluctuate
and the coefficient of discharge will reduce.

2.4.2,0.Edwin Samuel Crumpl3 devised a new method of gauging
stream flow with little afflux by means of a submerged weir of
trisngular profile. Tests made by him on a model weir of
standard profile show that the modular coefficient of discharge
is sehsibly constant and that the ratio Q/Q; le.e. actual
discharge to modular discharge 1s a unique function for a given

value of head over crest.

2¢4¢2¢1s In the sulmerged condition, the discharge is a functia
of two independent variables instead of one as in the case of
modular range. The normal procedure is to first establish the
value of the modular coefficient 'C! from which to calculate the
free discharge corresponding to the upstream head over crest anc
then to ascertain themanner 4n which the reduction factor Q/Q;

varies with different degrees of submergencea.

2.4.2.2. In majority of the cases the modular coefficient 1C?'
is not constant but increases with upstream head. 1If *C!

18 not constant the relationship between the reduction factor
Q/Q; and ratio of submergence is not unique but is different
for different values of Hj. In Seeking & form of weir likely

to prove sultable
Zfor double gauging, 1t was reallsed that the best & possibly



the only chance of success lay in finding a welr which avéided
these difficulties and complexities. It was found thaf in the
case of all welrs which are rounded or have a flat faci in the
vicinity of the crest ,'C! increases with Hj where as all weirs
investigated by Bazin exhibited fbr each particular profile an

approximately constant value of C?,

2.442.3. Results of model tests on triangular profile and other
profiles are shown in figure 20. Curve 'A' is plotted from
results of Francis and Ftely-Ste@ms for the sharp crested weii.
A point to be néted is the very wide range in values of the
modular limit,

In model 'B' the modular limit was reached at a
submergence ratio of 18%. The model 'Ct was Crump's Standard
weir for double gauging. It 1s seen that this has a high
modular l1limit of 70% and that with submergence ratio of 80%
the departure from madularity'is only 1%+ The model 'D! which
is an 1dealiéed'réplica of the standard design of old Indian
Welrs, has a very high modular limit of about 94%.

2.4¢3.0. The Irrigation research institutel® at Roorkee had
conducted model tests in order to study the relationship between
Q/Q1 and the submergence ratio under different heads for the
Sarda Canal main regulator at Me2=5=440. The model was
constructed to a scale 1320 and 1f was run for various discharges
for recording corresponding water depths at upstream and downe-

stream ends under submerged condition.

2¢4e3a1le From the observed data curveg were fitted between VQ,

and percentage submergence for six different depths ranging from
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4 ft. to 9 ft.(1.22 m to 2.74 m) at the upstream end. A general
relationship was obtained

@¥Q =1=¢C g%, and a relationship
©'18
wag also derived for ¢ C = 0.4613 Hllwhere Hy is between
4 fte & 9 £5.(1e22 m t0 2,74 m).

2¢4e4e 0o Riéhard A.Smithlﬁ conducted model tesiing on brosd
crested weirs corresponding té the inundated Levees or roadbeds,
in the Louisiana State U.S.A. The purpose was to calibrate the
inundated road bed, acting as a welry Jor two conditions of
flow: first, when the welir controlled the discharge and second,
when the tall water was high so that control of the discharge

had passed to conditions downstream from the weir,

In the analysis of the observed data the specific

.objectives were three foldi-

a) To determine the criterion by which it could be
ascertained when control of the regimen passed
from the submerged weir to tall water conditions

downs tream.

b) Calibrate the heade~discharge relationship for the
condition within modular range 1l.¢. within the

control of the welir.

¢) Co-rrelate the variables head water and tail water
olevations the rate of discharge for the condition
wheh control of the regimen was downstream from
the welr.
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2e4e4.1, Models were prepared with broad crested weirs having
crest width of 0.5 £4.(+1563 m), height 0,425 ft.(0.12 m) and

in one case having upstream and downstream slopes 1 in 1 and in
the other case upstream and downstream slcpes 132 The flume was
5 fte (153 m) wide and the maximum flow available was 1 cusec.
The models vere operaited in the range 0f discharge (0.0254 cumecs).
At each discharge rate the tail water elevation was varied

through a full cycle of progressively higher and progressively lowe

elevatiocns in syccessive runs.

2e4e4+2. For the weir having 1l:l slope a relation was derived
for Q.

o= 8% 7 g [0.98 = (Hg/B1) "0 | |0.660+0,504(He/H1 )2 2 | 3
Similarly for the other weir having 112 slope.

Q= 82 _/TG(2.56-2.98 Hy/f,) (0-027 +0.991 Hy/H,)
These were for the condition béyond the modular rangee.

245,04 In the previous paragraﬁhs some notable works on
submerged flow over woirs nave beon dealt withe It 4s npot
possible to deal with all the previous works on the subject
although the important ones have been studled. Besldes these
investigators, some others e.g. Vennard and Weston, Cox,
Koloseus, Dominguez etc. have also thrown much ilight on the
subject. But in general the volume of literature on this subject
is rather 1limited.

2e6.0s RECAPITULATION '
Summing up the review work 1t ls noticed that some
of the investigators have only tested sharp crested welrs of



different shape e.g. Flelsy and stearns, Franéis, Villemonte
and Mavies, The othors have tested with practical profiles of
welirs as they exist in actual cases 1.e. ogee, Bpoad crested

shapes etc,

2:641.0. Fleloy and £isarns and Francls had developed empirical
formulae and tested its correctness by model testing. They had
not investigated about the generalisation of the discharge with
respect to submergence ratio. Fteley and Stearns however, did
notice the change of coeificient of discharge with respect to the

submergence ratio,

2e6e1lele Villemonte and Mavies Worked on similar lines on

similar types of weirs. Each of them had developed a discharge

equation for all ahatp'crested welrs expressed by a single valued

function. Mavies had introduced the conception of submergence

factor defined by ag_/“ﬁg" . However by comparing their basic
3L JHL

formulae 4t 1s observed that the submerged factor 'S! of Mavies

is functionally equivalent to Villemonte's 5;™ where 81, is the
submergence ratio Ho/Hje

2.6.1.24 Mandrup Anderson and Dahl observed that the discharge
can be found out by a single eqguation neglecting small effects
of geometric shape. They alsc suggested that the reduction

factor due to submergence can be realated to Sie However their

study was only on a particular type of welr l.e., a trapezoidal
notche.



260240, Ldward Soucek and the U.S.B.R. made their experiments
on high coefficlient welrs (ogee shape). According to U.S.B.R.
the coefficient to discharge is not affected up to a submergence
of 456 percents Soucek observed that a single valued relationship
is not possible because of other factors coming in play.

2.6.3.04 Three investigators have tested broad crested weirs
under submerged condition. Woodburnts tests were condueted in
the modular range of‘flow alﬁbough the results have shown that
the state of modularity extends up to a degree of submergence of
70 %o 80%+« However his tests were not conducted béyond the

moGular rangee.

2¢643s1e Crump made his studies with different shapes of weirs
although weir w%th a triangular profile was suggested by him

for discharge measursments. His study has shown that no single
relationship can be derived for all types of welrs as seen froam
F1g+20 where different welrs have & distfinctly different
characteristics as regards the relationshlp between the discharge

and the submergence ratios.

2e6.3¢2¢ I.R.I. Roorkee also derived a general equation for
the discharge relating 5; axd H; but their test was limited to 4!
Hi < 9! and also they studled one type of welr.

246+343s Richard Smith's experiments on a typical broad crested
weir revealed that the geometry also affects the dlischarge under
submerged condition. He suggested two different equations for
two weirs having different geometrical shape, It was also
revealed that beyond the modular range both head water and tail
water affect the discharge.



2.604e Thus the review has shown that all the investigators
do not agree with ths fact that a single valued relation can be
established between the degree of submergence and the reduction

4n the discharge for all types of welrs.



CHAPTER =3

THEORETICAL ASPECTS



3¢1e0s GENERAL

Flow over different types of welirs can be expressed
by the equation _

Q = C.L. H> n which L' 1s the length of welr and
H; the total head over crest and 'C' a coefficient. known as
the coefficient of discharge. Out of the many factors that
affect the coefficient of discharge; the most important is the
effect of submergence which is being discussed In this
dissertation. However it will be worth while to mention also
the other factors that affect the coefficlent of discharge.

3.2,0. FACTORS AFFECTING C
3.2.1. =) feet of dept s

The nearer the sill 1s to the bottom of the channel
the less the contraction at the sill and 4f the depth P 1is
small compared to Hy the diminution of the contraction will
considerably affect the flow. For shérp crested welrs U.S.B.R.
observed that 1f P> 0,2 Higmghe flow is not affected. For
the ogee crest, at P/Hj = 2.5 the coefficlent does not change
taking the head over the crest same as the design head for
which the ovgee profile 1s made.

Sele2¢ [ t of das £ m S 3
When the ogee c¢rest 1s formed to a shape differing
AResigned ’

from the idemd shape 1.e. when the crest has been shaped for

a head larger or smaller than the one under consideration,



the ¢coefficient of discharge will be affected.

ogee

In shazp—esrested welrs 1t is observed that for larger

head over the crest the coefficient increases.

3.2.3¢ Lffect Of Upstream Face Slopet
For small ratios of P/H; sloping the upstream face

of the over flow results in an increase of the coefficient.

For large ratios it will decreasses the coefficient of discharge.

The vertical distance from the crest of the overflow

to the downstream apron and the depth of flow in the downstream
channel are factors which aslter the coefficlent of discharge.

Depending on the relative positions of the apron and the
distinct
downstream water surface five disérted characteristics of

flow occur. Ref VsmRR cuvves Fig|d

1. Flow continues at supercritical stage.

2+ A partial or incomplete hydraulic jump occurs
4mmediately downstream from the crest.

3. A true hydraulic jump occurs.

4, A drouned Jump occurs in which the high velocity
jet follows the face of the overflow and then
continue in an erratic and fluctuating path
for a long distance under and through the
slower water.

S¢ No jump occurs. The Jet ﬁ;ggb away from the
face of the overflow and side along the surface
for a short distance and then erratically mingle
with the slow moving water underneath.

In the first three cases the reduction in coefficient

- L
of discharge 1s mainly due to the lee¥e pressure effect of the



downs treanm apron and is independent of any sulmergence effect
due to tail water. The parameter (hg+d/H; 15 less than 1.7 in
the above case. However if 24 * € 44 more than 1.7 the

Hea
downstream apron has not effect of the reduction of the

coefficient of discharge.

In such case the decrease 1s only due to the effect
of submergence, U.S.B.R. observed in their experiments on ogee
shaped weir that up to submergence of about 45%, there is no
appreciable reduction in discharges

32,6, Lffect Of Geometry: o

Geometry plays an important role in affecting the
coefficient of discharge. For this reason different types of
weirs have different coefficients. The value of tC* changes
for each type of shape of the welr profile.

8+2,6. Other factors such as approach conditions, effect of

Plers etc. 2lso affect the discharge coefficients.

3;8.0. DIMENSIONLESS FACTURS IN SBUBMERGED FLOW

Eor—submerged—filow-deter
discharge-is—a—conpleX-processs
i1t is shown that various %

hatlon_of coefficlent-of

In the previous chapter
vestigators have tried to
determine the cdefficient by conducting model tests. The

experimental coe

ficient which 1is obtalned from tests is a fu-
non-dimensional factors assoclated with the

problem of flow over weirs under submerged condition. The



non-dimensional constants are very important as it enables

the behaviowr of problems

similar type to be predicted
providing the linear difiensions are geometrically similar. It
will be useful to termine the non~dimensional factors
involved in the phenoﬁenon. If coerelation ig made between
these fac% then the problem wlll have wide application.

3.4.0 The flow over a weir in a Submerged condition,
provided the height of weir is sufficient as specified,
depends upon the following factors:

Hy & Hy the upstream and downstream heads over

the creste.
3 - acceleration due to gravity
: mass density of water

Mo Dynamic viscosity of water

Gecmetry of the woir will also be a parsmeter, The none
mensionless parameter will be o simple ratlo of the two
iporeant goomebrical parameters,

l.e. 7 = & = 4 grows. By dimensionless analysis it
can be shown that the four independent dimensionless groups
governing the problem are:

1. Reynolds Number VH P
ﬂ_-n-—n-

2. Froude Number —
/8Hy

3, Weber Number P Ve Hy

G



For conditions where the value of Reynold's mo
18 more than ;S&ﬂoe as is usually experienced in the
proto-type, the viscous and surface tension effects are
negligible. The Reynold's and weber nos. can therafore

pe aropped out of the problems

g TS AR ‘ona‘-',;' ya&'u,@uv‘r Dl 9 1% whe aesSy :Lmzﬁur'uaxm

1
4n submerged flow problems. From the model tests co-relation
studies can be made between the discharge ratlio and the |
submergence ratioc. The corelation can give directly the

reduction in discharges for different degree of submergence.

3.8.0 The discharge per unit lengj%sh 4n submerged condition
can be expressed as Q= = Cge Bl y in which Cg is the
reduced value of coefficient of disnh&rge- due to effect of
submergence. Under the Sane head Hq in free flow conditlon,
the discharge Q) = C H’i ’ 4n which ‘€! is the coefficient
4in that condition.

H = ‘ \
ence .%I , g_s__ (Aewm\-mg Yo \)‘l\emm\ﬁ)



CHAPTER - 4
COLLECTION OF _DATA

4.1.0 GECNERAL

Possibilities of doing experimental work, different
type of submerged weir were explored. The studles necessit-
ated arrangements for volumetric measurements of discharge
for correct evaluation of the discharge factor. It was found
that the tank required was of quite big dimensions even to
store water for a minimum period of five minutes. Very small
size tanks were available in the laboratory which could not
serve the purpose. Manufacture of new tank of bigger
dimension would have meant time and cost. By reducing the
discharge over the weir the tank size could be controlled
but the effect of viscosity and surface tension would have
bo come more dedominant, there by complicating the study of
submergencé effect on discharge factor. 'It was, therefore,
considered desirable to depend on the actual experimental
data on submerged weirs collected by different eminent
hydraulic engineers of the world. This data apart from
being accurate would also serve as a broader base for

evolving sultable relations for the engineering proffession.

1

mhe/zn/

submerged flow problems, the subme:ﬁgge ratiooii/t
pr{g:ipal factor which is corelated with the coéfficient

of diseherge. In order to establish the relationship
between S, and _%E. s experimental data has been collected



4. Submergence ratio Hg

¥ 35,0 Improbi

of viscosity and surface tensi

she—f1eld—the—effects

are not at all important.

These variables will be erning when there 1is very little

flow over the weirs

meqls qible
¥ e effectss So-these factors can be iguored.

i~

ut in submerged weirs these will have

3.6.0 The Froude's number for submerged flow phencmenon

over weirs is also less than one. As the degree of submergence
increases the Froude's number also gets reduceé&MJﬁs such no
sultable co=relation can be made between the digbharge ratio

and Froude's number.  ( Ref. fora 2:2:6-0)

370 Thusfbnly parameter HZ2_ | 15 the most important

in submerged flow problems. g%om the model tests co-relation
studies can be made between the discharge ratio and the
submergencé ratio. The coreiation can give directly the

reduction in discharges for different degree of sulmergence.

B8+.8.0 The discharge per unit length in submerged condition
can be expressed as Q = Cg. H? s In which Cg 18 the
reduced value of coefficlent of discharge due to effect of
submergence. Under the same head H; in free flow condition,

the discharge Q; = C ﬁ% s in which €' 1is the coefficient
in that condition.

Bence__g_i, = g_g_ ( Aecording to Vinemonk )



CHAP TER ~4

COLLECTION OF DATA



CHAPTER - 4
COLLECTION OF DATA

4,1.,0 GENERAL

Possibilities of doing expserimental work,vdifferent
type of submerged weir were explored. The studles necessit-
ated arrangements for volumetric measurements of discharge
for correct evaluation of the discharge factor. It was found
that the tank required was of quite big dimensions even to
store water for a minimum period of five minutes. Very small
size tanks were available in the laboratory which could not
serve the purpose. Manufacture of new tank of bigger
dimension would have meant time and cost. By reducing the
discharge over the weir the tank size could be controlled
but the effect of viscosity and surface tension would have
become more dedominant, there by complicating the study of
submergencé'effect on discharge factor. 'It was, therefore,
considered desirable to depend on the actual experimental
data on submerged weirs collected by different eminent
hydraulic engineers of the world. This data apart from
being accurate would also serve as a broader base for

evolving sultable relations for the engineering proffession.

4.1.1 T clent-of-disechiarge—is 1

testtnz:iy corelation—of<non-dimensional c%e¥s~l/;p////

s:zﬁgrved flow problems, the aubmezfggc ratio is the
principal factor ich 1s corelated with the coefficient

of-diseherge. In order to establish the relationship
between S, and u%i, » experimental data has been collected



from various investigators work;ng on various types of
weirs. The purpose is to see 1f all the different types

of welrs can be corelated by a single valued function.
Other investigators have found out common relationship for
a slmilar type of welr e.g. Mavies & Villemonte for thin

plate weirs. In this analysis,data has been collected for

different types of weirs i.e. sharp crested weirs, broad
crested weirs, triangular weirs, trapezoldal notches and
ogee shaped weirs. It will be useful to mension in brief
the model set wp utilised by the inﬁestigators in doing

thelr experiments.

4.,2.,0 SHARP CRESTED WEIRS
4.2.1 J.BJFrancis gfg:'gfpisiﬁiaficgﬁﬂfﬁiaflow*of water
over a suhmarged weir. His equation has heen described in
para 2.2.,3.1 « The apparatus arranged for testing a
turbine water wheel afforded the opportunity for testing
his submerged flow equation. During-the-eXperimenis_the
wheel was_prevented from-revolving,—the-brake being screwed
up_tight-and-securely—blocked. The regulating gate was
opened to admit a quantity of water to give the desired
depth on the weirs,K when—there—was no obstruction—to-the
i;gy_ftom_the;water_bn_tha—downstream-side—o£—%he—w94§s,
Fhe quantity of water flowing over the weirs was then gauged
by the usual welr formula , the—level of the water-on-
downstream side-was_then_raised,-a-little-at-a-time—and
maintained_long-enough-at-any-desired- height-to-allow
obstructions to_be_made. There was a waste weir in the

canal into which the waters discharged over the weirs flowed
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which afforded ample mesasns for regulating the height of
water on the downstream side of the weirs. When—the-water
18 ralsed—on—the_downstream-side-of—the-—weirs—to—sa-height
to_obstruct—the_flow_over_the weirs_its-effect-is—to raise
_the-height-of-the—water-on-the—upstrean-side-of-the-weirs
without—anyféhénge-1n—the—quantity—of-water—flowing—over
the—wezns,mand-the~experimenﬁs~consisted—in-observing_xha‘
heighis-o0f the-water-above—and—below -under--these circun=
stances+—

The data collscted for free flow condition are
appended in appendix A-i. The data for submerged flow ‘
condition are appended in appendix B -i2. The upstrean
water level, downstream water level and the discharge
passing over the welrs were only extracted for the purpose
of this study.

The other pertinent points of the experiment were:

1: Length of the welr = 22.2 ft. ( 6.77 m)
2. Hoeight of the crest above channel bed
= 200 ft’ ( 0061 mv)

4.,2.2 Fteley and Stearns also had done experiments
on Submerged sharp crested weirs in 1877.

| The length of the weir was 6 ft. (1.53 m.) and
depths over the erest varying from 0.07 ft.(2.14 ) to
0«8 ft. (0.244 m). The mean depth of the channel below
the crest was 3.17 £4.(0.26 m), The upstream and down-
stream water levels were measured by hook gauges. The
model had no end contractions.

The discharge records under free flow condition

have bheen appended in appendilx A-2,



The level of the water on the downstream side was
controlled by stop planks placed in a small dam Just below
the weir. The downstream water level was noted at a distance
away from the crest toc avoid the turbulence. The submerged
flow date are recorded in appendix B - 2+ The upstream and
downstreanm vater levels and the measured discharge were only

taken for the purpose of this study.

4.2.3 V.Mandrup Anderson & N.Dahl had conducted model tests
on trapeziodal nolches in submerged condition.

The experiments were carried out in a 2m wide hydrau-
lic flume. In this flume a canal with trapezoidal cross
section was prepared. The dimenslons of the trapezoidal
cross section weres

Width of botten = b = 0.60m ( 1.97 %)

Slope of the sides a = l.8

Depth of water 0.1 m %0 0.3 ms ( 394 Inches to
11.82 inches)

At a distance 10 m from the inlet of the approach
canal a trapezoidal test weir was errected. Behind the
weir the bottom of the tail water canal was located at 0.3 m
below the weir crest and the bottom of the approach canal.
The bottom width of the welr and side slopes, a', could be
varied by making sultable arrangements.

The modél was supplied with water from a tank about
5m ( 16.5 £t,) above the model level« The discharge was
controlled by a sluicing valve. The discharge measurement
was made by a calibrated trianguler weir in the return flume
and also the water levels were measured by suitable

arrangements.



Test results for one setting of the weir having
a' = 0,5 and b* = 0.1 m ( 3.94 in.) are sppended in
appendix A.7 and B.7 for free flow and submerged flow

conditions respectively.

4.3.0 THICK WETRS (WEIRS NOT SHARP CRESTED)

4.3.1 R.A.Smith had made experiments on broad crested

weirs (Fig.21) ; Model studies were conducted for two

models having differenfﬁé@?ﬁﬁslopes « One had slopes of

1 on 1 and the other hiégéiéséé”éf 1 vertical on 2 horizontal
with the ypstream and downstream-slopes—same—in—both-cases.
Length of the weir normal to the direction of flow was

 4.95 ft.( 1.61 m ), width of weir crest parallel to the
direction of flow,0.5 f£t.( 0.153 m) ; height of weir crest

above the bottom of chennel , 0.425 ft.( 0.13 m.) .

Bead water and %tail water 1eve1$ were controlled by
a supply valve and tail gate respectively. Head water and
tail water elevations were observed by means of 1/2" (1l.25 cp)
piezometer connection +¢o stilling wells equipped with hook
gauges. Discharge was observed by means of a weighing tank
and electric stop clock which read directly to 1/10 second.
The model was operated throughout the range of discharge
capacity available upto 1.00 ﬁﬁé.(0,028§ cunee). At each
ratevof discharge, thé tail water elevation was varied
througﬁ a full cycle ofyyrogressively higher and progressively

lower élevations in successive runse.

The observed data for free flow and submerged conditions

respectively recorded in appendix Adand B.4
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Wedy willy .
4.3.2 E.8.Crump made his exXperiments over ahtriangular proble -

shape weir ( Flg. 21). The model was fitted into a rect=
angular flume 22" wide ( 0.508 m) and 18 inches deep ( 0.33 m)
with i1ts crest approximately 3 inches above the steel floor
of the flume . The welr block had qn upstream face at an
Anelingtion of 1 In 2 and a downstream face at an inclination
of 1 in 5 giving a crest angle of 142° - 7', The block was
truncated to glve an overall length of 14 inches with two
vertical faces 1 one, 4 Inches (0.102 m) upstream of the
crest, the other 10 inches (0.254 m) downstream of the crest.
The machined brahb angle plate, forming the crest of the weir,
had eight small holes of 1/16" ( 1.5 mm) diameter, drilled
on a line 4+ inch (1.52 cn) from the crest communicating with
an underlying duct. Two Pitot piers 1 inch (2.54 cm) wide
divided the effective width of the weir in to one central
bay of 10 inches (0.254 m) and two side bays of 5§ inch (0.127m)
each S:n 1 f;m;r:ﬁg" goggeﬁf g;cwk; p?:i.g;, :1‘:\ cb;eg“gelevel a single
hhle of 1/16" (1.5 mm) dia led to a second duct connected to
the 9 manometers. Four manometers were used for recoréing
upstream and downstream levels. Discharge was measured by
a'stahdard V notech situated upsiream of the model. In each
run the discharge was kept constant while the tail water level
was varled by means of a regulating gate situated at the
downstream end of the flume. For each setting of the gate

upstream and downstream water levels were recorded.

| The data for free flow and submerged flow conditions
are appended in appendix A3and Birespectivelye.
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4.3.3 U.S.B.R. had made a lot of studies on ogee shaped
wveirs in submerged conditions.

Two small dams having different crest shape were
subjected to the model tests under submerged condition. These
are shown as Dam A and Dam B in figusgu§1. The experiments
were conducted on two different set up. Dam A was constructed
in a flume 1.52 £t.(0.462 m) wide and 24 ft.(7.31 m) longe
Dam B was constructed in a flume 1.90 ft. (0.579 m) wide and
30 £t.(0.915 m) ;ong. Ad jJustable floors were provided both
upstream and downstresm from the dam in addition to the main
floor of the flume. This was done with a view to change the
head water and tail water depths required in the model
experiments. Regulation of the tall water was done by means
of an adjustable hinged gate located at the downstream end
of the flume.

Duwring the experiment the tall water level was kept
at different levels to create different submergence conditions,
The water level at the upstream of the weirs was kept constant
for different tail water levels by suitably reducing the
discharge entering the flume. For different submergence ratios
the quantity of water passing the weir, the upsitream and down-~

stream levels were recorded.

Data was taken for one set of values of P for both
dams A& B « For Dam A , P was 3.44 £t.( 1.056 m) and for
Dam B , P = 364 ft. ( 1.08 m). The data are recorded in
appendices A.5 and A.6 for free flow conditions. For submerged
flow data are available in appendices B.5 and B.6 for both

the dams ¢
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CHAPTIR - §

ALYSTIS A

5.1.0 GENCRAL

The i1deas about the effect of submergence on the
discharge coefficients or the discharge passing over a weir
are not quite explicit and there is z confusion regarding
the actual relatioh of discharge with submergence. This is
why specific studlies are conducted for particular weirs,
spillways to find the actual coefficient under submerged
conditions. An engineer in the fleld finds himself at a
loss when he reads that there is no effect of submergence
as high as 70 to 80% on the'rate of flow( an effect which is
more or less true for broad crested weirs) and on the other
hand he finds that even a submergence of 20% in case' of thin
plate welrs is able to lower the rate of flow by 10%;and incre~
ases with increase in the submergence ratio. No clea; cut
design criteria are available in the literature where all
types of welrs were considered together and analysed to give

the effect of submergence on the rate of flow.

S5.1.1 The actual coefficient bf discharge and consequently

the discharge ovex the weir willl be a function of welr _geometry

and flow parameters d the /effect of submergences. The

de termination of discha may vary from welr to weir, but
there seems to be & brogad sgreement on the effect of submergence
on the diséharge rat It was this reason why the fact-
ithout going into the specific

values of coeffigient of discharge.



d;scharge ratio Q nable the engineer to decipher the

exact magnitude of disdharge passing over the weir in

submerged condit)one.

5.,2.0 EVALUATION OF DISCHARGE UNDER FREE FLOW CONDITION

5.2.1 Data of different questers on the various types of
wairs is given in appendices A and B. 8Since in the evaluation
of the factor ~§- ‘the denominator will be required for
different heads é.’stage discharge reiations are neCcessary.

For this purpose the free flow data from the actual observa-
tions was analysed by plotting In double log graph paper with
6, as abscissa and @44,' as ordinate and the relations are
charted in figure 22. The equations reiating the free discharge
Ql in cusecs and H; the actual head over the crest including

velocity of approach in feet are given below:

Sharp Crested Welrs:

1. Francis data Q, = 3.35 'n%'ag
2+ Fteley and stearns data Ql = 3,46 Hl
Y. Notehs
#. Anderson and Dahl data Q3 = 1.61 Hi's
Qi and Hy in cumee & 'm!
| respectively.
Ihick Welrss (wsms NOT SHWARP CRESTED)
1.56

4+ R.A.Emith data (Broad crested weir)= Q; = 3.72 Hy
5. C.5.Crump data (Triengular weir)  Q; = 4.02 H}*74°
6‘ UOS.BOR. Dam. A (Ogee) Ql - 4.11 3%0665

| 1,72
Te U.SeB.Re Dam B (Ogee) Ql = 3-72 Hl
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5,3.0 EFFECT OF SUBMIRGENCE ON DISCHARGE

5

5,3.1 F.T.Mavis has given a relation corelating discharge

ratio and the submergence factor 'St. According to him it
is possible to have one relation defining the effect of

submergence ﬁhich he expressed by equation;

0.40
,%I. = 1.00 = ( 0,45 5+ igiﬁzi5§) )

With a view to study the offect of submergence factor and
Q/Qy the relations were plotted and are exhibited in fig.23.
A study of the figures will reveal the followings

1. There is a marked difference in the curvature of
curves for thin plate weirs, ( sharp crested weirs) and thick
welirs like ogee and broad crested. In the case of sharp
crested weirs the eubmergence @ffect is visible from the very
outset but in the broad crested and ogee weirs practically
no réduction in the discharge takes place up to a submergence
factor of B@&&R °5 ’
2. The data of trlangular and U.5,B.R, Dam A fall in
between the tendencles of the sharp crested and broad crested
welrs . |
+ It will be worthwhile to note that the dam A section
was in between the thin and thick geometry of the thin and thick
welrs and therefore also showed results in betLean. The
triangular weir theough similar to the broad crested profile
showed different resulis than the broad crested weir. The
possible reason 1s in the effect that where as in the case 6f
all the weirs the approach depth was not less than the head
0°25 ff 4 Gomparitom wih Wi vamgug fren o079 f ol i
over the crest, in case of triangular weir it was less. Thus

the effect of approach deptih might have affected the discharge
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in triangular weirs. It was on this reason the data of

triangular weir was not studied further.

5.3.2 The submergence factor takes into account the:
for  vech welrs, Maviey' § = (Hz2

areas upstiream and downgtream of the welr., For simplfcity

pf corelation and calculationg further studles were done

with submergence ratio ‘only B2 = 5,% The results of

Maries has used the parameter 'S' for finding out
relation for submerged welrs where as others have used
the paremeter 81:. The later parameter has been uéed by
the author tor>rc§aana of simplicity.

3 e m—c - - —

e

into these two broad categories for further corelation and

statistical relations.

5.4.0 STATISTICAL RELATION BEIWEEN 8; and Q/Ql

6.4.1 The two limiting conditions for any equation are that
when submergence ratlo 1s zero Q/Q; should be unity and
when submergence ratio 1s one Q/Ql should be zerc. With this

aim in vievw the relation was determined betwsen Q/Q; and S55.

As would by clear from chapger 3, the two lmportant

factor governing the ow over submerged welrs are the

Froude 's number and the bmergence ratio. R.A,Smithls and
attempted

snderson & Dahl® have tried %o give some corelation with he
Nuwt n tk An aj. [t en ﬂ(o,y owo!ea ovxl\, 'YQC "6/‘4‘533 fe

Froudet!'s number. This_approach wyas-not-followed—in-this—case

I

~pecause Fhe Froude's Aumber for submerged weirs will range in

very low limits from O.4 to 0.7 approximately and-necessity-
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ofdefining—the Rrouders mumber with Yespect—to—the—upstreanm

.channel-or—flow-overthe ¢érest or flow downstreams All the

more the veloclty profi stream of the weir to down-
stream of the weir the c¢han is quite fast and a slight

variation in the determinztion qQf veloéity at any particular
point or the locatilon the point™gan have a large effect on

the actual determinaftion of theeffect

' submergence on

discharge factor. /It was for this reason simple corelation

with the submergénce ratio was considered deddrable.

5.5.,0 U.P.I.R.I. has given curves for different types of
submergence in weirs for Ganga river at Narorale, Sarda type
fallsls, Sarda canal regulatorl7. In all these relations
over sSimplification have been attempted by giving a straight
line variation betwaén Q/Q1 & 61 ( when points are plotted'an
a lofdg log graph paper). Actual plotting showed that a
stralight line fit for polnts on double log paper was a rough
approximatgan when the submergence ratip was in the renge
0.3 to b.é'» : |

5.8,0 RELATION FOR SUBMERGED SHARP CRESTED WEIRS

5.6,1 A study of the Francls & Fletey & Stearn's data for
-submerged sharp crested weirs as shown in figure 2C will
show that the points lie on a smooth curve from 3 percent
submergence onwards. Polnts for submergence from zero to

3 percent were not avallable because in this range the
dischafge ratio wavered arround unity. All the more the
fluctuations in the readings was perhaps such as nb definite
observations other than free flow could be observed. A

stasiétical relation as glven in appendix C was tried to
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cover the points from 3 percent to 100 percent submergence.

The relation works out to be:

< = .2

The curve has been eXtended to join the discharge

ratio one, af the top corner ordinate by a dotted line.

Even a straight line variaticn of-—%zf‘ = 1 at 84 = 0 to

%— = 0.966 at 6; = 0.08 would be & quite accurate assumption.

The equation so derived cen be used for sharp crested welrs.

The equation given by Villemoutea is superposed for

comparision (Fig. 28). It is seen that the two curves agree

fairly well. Hence the egquation suggested by the author

can also be used for sharp crested weirs between 5;=0.03 to

[

51= 1.00, In figure 29 discharge ratio 1is plotted against

- — A gt

Al

The equation found by the author is based on the -
data of sharp crested rectangular weir of‘J;B.anncis7 and
Fpbtely ani Stearns6. The relations given by Vil1emonte and
Mavies cover all types of Sharp crested thin plate weiés:

A plot of the auth@rs relation with that of Mavies and
Villemonte in Fig, 28 & 29 shows a maximum variation of 6%

of discharge which may be due to the selection of particwlar
data for analysis. Villemonte‘and Mavis relating may be used
for ail types of sharp crested weirs and author's relation

may be taken only as a gulde in the case of sharp crested
rectangular weirs only. |
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Crump, Smith and U,S.B.R, Dam B data ( Fig. 24 and 25) show
that though the submergence starts affecting the flow at
about 45 -~ 55% submergence the effect is negligible upto

a 65 percent range of submergence and there l1ls a sharp
rYeduction in rate of flow after a submergence ratio of 0.,65.
" The relation derived on this 1limiting value of 5;=0.65 gives
corelation of Q/Ql and 8;. |

)
(1

.-g: :A/ 9.81 8; - 7.55 B - 2.26

t may be mentioned that no empirical or statistical
n has been offered by other investigators except
th15i The results from his relation (egn. given in
kl#;Zg) are superposed in Fig,27 for comparisions It

seen that the author's relation 1is simpler and has .
the same accuracy as that of Smith,

e —— e e e e -
- - ———— ——y.

The U.S.B.R. also has given a set #f cwives which
| be usea both for finaing the d/s apron effect and the
mergence for ogee"weirSF Those curves (Fig. ‘Nor, 19)

r be used by the designing.
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CHAP TER =6

CONCLUSIONGS

6.0.0 Submerged flow on weirs is a common occurence in the
field. The usual criteria of finding the quantity of water is
to consider the flow in two parts with a free weir flow over
the downstream tail water level and the orifice flow between
crest elevation and the tall water elevation. To derive an
equation for subtmerged flow suitable coefficients have to be
assumed for the free weir flow and'orifica flows The datere
mination of these coefficients 1s a subject which 1s condusive
to controversies and correct determination of them is an
experimental procedure. All the more the coefficients so
determined will vary from weir to ﬁair and flow conditicns.

6¢1s0¢ J.R.Villemonte & F.T.Mavis were perhaps the first
hydraulicians vho attempted to f£ind out universal equations for
submerged weirs, Their work however is confined to thin plate
welr es.g. Sharp crested weir. Om the other hand most of the
hydraulic Structures in the field fall in to the cgtegory of
bioad crested weirs. Data collected in the dissertation from
various investigators show that'the effect of submergence on
thin plate weir like shﬁrp crested or V notch is very much
different than from the broad crested ér ogee weirs. Where asg
in the former case the submergence effect is obvious from the
initial stage of submergance in the case of latter a 65% sube-
mergence has practically no effect. With this finding the data
collected has been analysed'and'stastistical relations have been

derived batwaan the dischargze ratio 0/01 and the suhmerzence



ratio Sy

6.2,0. For the case of Sharp crested weirs the following
Telation holds gowd.

¥/Q, = 7 1.08 = 0.0270 51 ~ 6 B2 = 0,069

T P SR U Bt h B A . Bea B Ao adnona ol smaalaios o .

The equation found by the author is based on the

data of sharp crested rectangular veirs of J.B.Francis’

 and Fvtely end Stearmns® The relations given by Villemonte |
and Mavies cover all types of Sharp crested thin plate - |
weirs, A plot of the author'!s relation with that of
Mavies and Villemonte in Fig, 28 & 29 shown a maximim )
variation of 6% of discharge which may be due to the sele-
ction of particular data forxr ana_iysis-’: Villemonte and
Mavies relatﬁmé may be used for all types of sharp crested
weirs and author's relation may be taken only as a gulde

in the case of sharp crested rectangular weirs only,

—— e -

6.4.0. The ebove two relations can be adopted by fleld

* - rrer——r— . . .
——— s e e e o . - B T e iGN T J——

® .
The U.S.B.R. also has given a set to curves which

| C
can be used both for finding the 4/s apron effect and the

submergence for ogee weirs, Thxe curves (Fig, No,.19)

may be used by the designing’ )




egpe Of Future VWorks:

There is a lot of scope to do future work in this
ubject. The co-relation of the submergence and the
4 scharge ratios mazy be done for a wide range of discharges
ver different widths of the flume, From the data analysed,
hough various discharge rates are allowed over the wéirs
10 definite trend, as to whether the rate of flow has any
)earing on the corelation of Q/Q1 and 8,, could be established
'he aspect of scale effect also could not be studiedn For
'‘ery low range of discharges the viscosi'by and surface
ension effects may be Predominent and these must siso be

ongidered., Further studies in these regard are needed,

More studies may also be made to analyse the effect
' the helght of the welr, From a very low value of P/H1
0 high values the effect of this noh-~dimentional parameter
m the dlscharge ratlo may be established, '

The geometry of the welr is another very important

ractoy, Although some studles have been ma_delon ogee type
rests very few studies have been made on broad crested
relrs, Different shapes of broad crested welrs and other
reirs over a widé range of discharges may be subjected to
odel testing up to almost 100 peréent submergence, This

may be done in the same manner as that o James’, G.Woodburn
n the non modular range of flow,
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APPENDIX = A

In appendix A, seven tables are presented bearing
nunbers A-l, A-2, A=3, A~4, A=5, A6 & A~7. The head discharge
relationship under free flow condition has been derived for
the types of welrs, The effect of veloclty of approach has
also been taken into account while deriving the expression
for free flow discharge. General explanation for the

appendices are as followsg=

A - 1

Lo

The data has been taken from 5.B.Francis7

! experiments
on sharp crested weirs. Column 3, Column 4, and ColumnS have
been extracted from Francls data. The negative values in

cole 4 showg the distance by which the tall water 1s below

the crest. Other columns are tabulated by the author to
determine the head over crest. While calculating the velocity
head, the energy correction factor is taken as unity so that

hy = V2/2g +« This 1s true for all other data collected.

A=2

Data was taken from A.Fteleysand F.P.Stenrnée
exXperiments on sharp crested weirs. Column 3 and column 4
which give Blland Q1 respectively were extracted from their

datas Other columns are tabulated as beforee.

The exXperimental results were taken from the work of
E.S.Crump13 on triangular welr. Column &, column 4 and

colunn S5 were relevant to the authorts study. Column 4 gives



T

tail water depths over the crest which means that the flow
1s not free. However 1t may be seen that for any constant
discharge the uypstream water depth.H; does not change
appreciably for different values of HY « This shows that
the submergence created by the tail water levels given by
column 4 has no effect on discharge. As no other free flow
data is furnished these are taken to represent the free
flow discharge.

A= g

Data was from R.A.Smithist®

work on broad crested
weirs. ©OSmith measured directly the head over crest instead

of water depths.

b =5 &) =6

These are taken from USBR eXperiments on Dam A and
Dam B respectively. No free flow data has been given as such.
For the purpose of author's study discharge data for 25%
submergence and less has been taken to represent free flow
data. This assumption is falrly correct as it may be seen
in the text that submergence of 50% and above affect the

rate of discharge.

A=2

The data was extracted from V. Mandrup Anderson &4N.“ ‘
Dahl'sa experiments on submerged trapezoidal notch. The units
in this case 1s in metric units. In all the six readings,
the tail water level was below the crest., Average discharge
per meter length has been calculated taking the mean width

of the notch calculated in column 10
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APPENDIX = A=4

FREC FLOW OVER BROAD CRESTED WEIR
EXPERTMENTAL DATA ROCORDED BY R.A.SMITHY?

SI.T 6I.No. of X ' DS '
No.J the Expt. [ Q X Bf=(H{ + h,)
| L cusecs . | £t
o ﬂfe aopé l_'l;_oma | .‘ B 034 .
2. 3 0369 053
3. 12 .0610 . .074
4 19 0340 «089
6. 26 .1006 .100
6. 20 .1411 «126
7. 52 .1832 .148
with Side Slopes 2:1
8. 61 .0218 .039
9. 63 40349 4053
10. 67 0527 069
1. 70 .0838 «090
12, 73 1014  .101
13, 86 .1410 +032
14. 95 . 1009 101

15 . 99 . 0804 * 087
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APPENDIX - B
SUBMERGED EFLOW OVER WEIRD

In this appendix seven tables are also presented
having numbers B-l, B-2, B-3, B~4, B-5, B-6 & B~7 dealing
with submerged flow over the different types of welrs. The
data collected from various investigators for their works
were for the head water (.H; ) and tail water ( Hé) depths
and the discharge (Q) in submerged condition. All other
columns are tabulated by the author. The velocity head is
calculated taking energy correction factor as unity. It
is assumed that the velocity head is same for both the
upstream and downstream of the welr.  In the actual case it
may be slightly different depending on the upsStream and
downs tream waterldeptbs“af flows However the velocity head
is so small that this difference is negligible. The
submergence ratio 51 = %‘” and the ‘discharge ratio %i
are calculated. Q1 is the free flow discharge for the
corresponding haadvﬁl and 1s calculated from the relation
established for different types of weirs in para 5.2.1
from the experimental results sppended in Appendix A.
Another parameter ( HZ ) has also been calculated.
This parameter represenus the submergence factor 1St as
defined by F.T.Mavis. According to himz-

8 = 82 /wﬁg
a8y /“E‘i’
Since in the present study discharge per unit length

is calculated, the ratlo 22_ 4s same as %%
a



H S
Hence & = =2= ;2 = ( Hz 1.5
Hl Hj Hj

The various tables furnished in this appendix are

as followsg=~

B~-1 Sharp crested weir Data from J.B.Francis

B - 2 gSharp crested weir Data from A,Fteley &
F.P.Stearns

B -3 Triangular weir - Data from E.S.Crump

B -« 4 Broad crested welr Data from R.A.Smith

g - g & Ogee weir Data from U.S.B.R.

B =7 Trédpezoidal notch Data from Anderson & Dahl



R &
o o Re

2075 N SURD SR =T &
No. § Bé«»ha:§81=ﬂz/ﬁll (Hp/H7) {lea.asnlfl' § @/Q;

£t. { ; § - cusecs j |
D R ¥ N R ) T 55
1. o071 .07 .02 8448 4956
2. [.185 152 .06 " 851 - .950
3. 282  .267 .138 3.72 - 890
4. lace 421 «272 3,96 - 835
6 674 576 44 4,285 = 7L
6 [652 +560 42 4.25 " 775
7. l.030 765 .68 5.20 . 4630
8., {060 «04 .01 4.44 966
9. (162 \134. 05 4,50 - ,954
10. {276 .224 + 106 4.59 .935
11. (254 .207 .096 4.55 4943
12, {124 21023  .043 4.50 «954
13. {117 097 03 4.50 054
14. 4234 181 078 4,60 934
16. 336 .268 .140 4.72 910
16. 4504  .387 .24 4.98 = .860
17. }8s4 .625 .50 5.62 .78

CrmtA . L. /



N

Table B

Ft 2 a3 ST 35
18  $2 .70 .59 620 684
19. B .04 .01 7445 4953
20, 2,048 .01 7.54 © .953
21. 85  .o78 .02 7.54 -1
22, & .295 161 7.84 917
23.  £1  '.201 .168 7496 904
24e 88 4299 +164 7.97 896
25, 47  .456 +308 8.36  .855
26. %0 «532 393 9.11 4788
27. 42,085 015 9.65 495
28. 2 .066 017 9.65 .95
29. ‘30 102 .032 9.7 4986
30, 5 124 043 8.7 . .936
al. 197 .088 9.8 934
382. b  ,288 156 10.08 907
33. 438 .372 .228 110442 .876
34. 374 .229 10440 .88
354 4499 .356 '11.13 - .818
36. 4505 .362 11.20 ;814
37. .355 213 11,40 .888
384 6 «500 « 365 12415 «835
3. 490 .98 «350 12.20 ' +830
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APPENDIX - C
CURVE EFITTING

From the analysis of data it was observed that in
general two iypes of relations can be established for
submerged flow over weirs.

1. For sharp crested weirs

2, For thick weirs e.g. ogee, Broad crested ete.

For obtaining mathematical relationship from the
expeiimental data sultable curves are fitted for the abo . ¢

two cases. P

L. Crested Welirs:
It 1s seen that the points lie on a circle for most
of the range of submergence.

The general equation of a circle is

%% &+ y24¢ 2gx + 2fy+ ¢ =0 4n a,(x , y cordinate
. : ' T axes.

One of the boundary condition is that when

83 = 1.00 the discharge ratio Q/Qy = O i.e. when x = 1,

y = 0. Beveral trial circles were tried and the best circle
passing through most of the points from 3% to 100% sube
nergence vas selected. For 8y =0 %o By = 0.03 a straight

line was suggested.

The followling values were taken to derive the
goneral formula for the circles |
When 84 = 0,1 Q/Q; = 0.95

Bl = Q.6 Q/Ql = 0,76
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Putting these valuss in the general equation the values of

constants g 4 £ & ¢ are obtained. The values are:

g9 = 0.01350
£ = 0.0589
¢ =+1,0270
The final equation derived in terms of ~%1 and §; 1s

as followsg=

@/Qy = 771008 - 0.0270 5; - 62 - 0,0689

2. Thick Eeiﬁs

' Values of Q/Ql and 54 was plotted in.déﬁble 105
graph paper. It wasﬁbserved that straight line relation is
not possible for the entire range of submergence. “Thé author

tried to define the relationship by drawing two straight lines.

A polynomial relationship was assumed and the general
equation was derived, However it was found that the poly~

nomial does not fit properly with experimental points.

Finally a quadrant of an ellipse was assumed and it
was found that this fits best in comparision with the others.

It 4s clear that the discharge factor stgrts reducing
only after a submergence ratio of about 50% o Different

Ellipses were drawn teking this limiting point at which

%, starts reducing. different. It was found that the curve
L
ﬂth Sl = Q.68 is the best fitc

The boundary condltions are as follows:
when Sl = 1.00 Q/Ql = Q0
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The semi major axes = 1.00
Semi minor-axes = 1 = 0,65 = 0,36
The centre of the Dllipse has got the following co-ordinates
X = Q.65
y = 000
The aquation of the above ellipse is as follows:
(x - 0;66)2 + (y = zero)
(0.35)2 | (1)?

=1

After solving and putting in terms of %" & 61
U

the equation 1s as follows:

W

%; = [ 9.8185; - 7455 B2 = B.2
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