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Ho3TRILT
The need to conserve woilalls wrier resources cannot be
overemphasizede One methoo i L wclie Accurate measurement and
requlation of discharqes. . thine»lsic full-width rectangular
weir can be employed for the nur.csce In this study, an attempt
hhs been made to study the «i . «is ol inclination on the

characteristics of such wuirze Tho charactoristics are the ability

of the wir to develop hend, “wn. or pasg discharges, and its
sensitivity within the ran o2 (oot wsidde The study showed that
an inclined welr develops 15 iy ». .on o nenatl weir, for same

flow rate, and the mor. incl’ = o wweic, the lesser the head

developed, The sensitivit: o~ edlr wne 2lso shown to decrease
with increising inclination 7o s wolr height. This property
of the thin-plate weiy can B un ot o viventage in irrigation

water supply and in rescarch lasortories vhere water level needs

to be controllede.
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CHAPTER 1

INTRODUCTION

1.1  Natupe nd mmportonce ~f i ~aunlic gtructures

world population is ewr on increacc and with it water demand
continues to orowe AS new sources of ater become more and more
difficult to find, efficient wannenciat of available water resources
is becoming more and more important. One way of conserving the
available water reswurces is to reduce the amount of water loss,
through efficient management t-chinicues such as by accurate measurement
and requlation of discharges. TIn other .ords, discharge measurement
and regulation form an important asnect of water resources development
during the exploitation of both surfrce and ground waters. It is
important, for cxample, to estimaie how much water will be avalilable
at a particular reach ef a rivor before constructing a dam in that
locatione streamflcmiand flood moasurements tnus become significant.
The reservoir constructed may serve voried purposes such as municipal
water supply, irrigétiun water sunoly, water supply to industries,
hydroelectric power generation, and a couple of others., Irrigation
water to farms can be conveyed through canals or pipes and how much
water to apply must be known and monitored depending on crop needs.
Flow measurements and regulation it various sections of canals and at
various diversion points from the canals to the fields, therefore,

become impartant.

For purposes of research and develomient of design parameters for
various hydraulic structures, laboratory mcasurementc using models are
important. After a hydraulic struciure has been designed and constructed,
field measurements may be taken i correlate the performance of the
structure with the design specific :tions. The importance of hydraulic

measurements both in the field and in th~ laboratory therefore becemes

obvious,



1.2 Ty, a8 of ivdeaulde slruel res

There are various devices in use for flow measurements, among which
are weirs, parshal flume, Venturi meter, etc. "Weirs are one of the
oldest, simplest, and most relinsl: structurcs that can be used o
measure the flow of water in canals and ditchesh (USBR, 1967). They
are also used in raising and requlating water level in canals for
purposes of diverting the water inte farms. "Weirs generally employed
in irrigation works are rectangular, trapezoidal and v — notch weirs"
(USBR, 1967). Weirs are broadly clagsified into thin-plate
{sharp—crested) and broad = crest:d welrse A thin-plate weir is a weir
whose crest thickness in the flow direction ig thin enough for the lower
surface of the sheet of water passing over it to spring clear of the
lower edge of the crest on the downstream face of the weir. i broad
= crested weir is a welr whose crest thickness in the flow direction
is long enough for the lower surface ol the sheet of water flowing
over it to adhere to the downstream edge of the weir crest. The
thin.plate weirs in particular, (sbject of this study) also find wide
application in laboratory researc:h work vwhere they are used to measure
the flow or raise the water level. They are also used in water supply
systems to gauge small compensation water flows, and, in commerce, to
gauge effluents of clean water or vater containing only disselved
pollutants. Their attracticon is thelr cheapness, and the case with which
they may be made with simple workshon facilities From readily available

sheet material (white, 1978).

Quite a number of works have boep carried out on weirs generally,
and on the thin-plate welrs in rorticulare The International Institute
for Land Reclamation and Improvoment, ILRI {197€), for example, reported
the work carried out on oblicque veirs by Alchel in 1953, 4alehel

investigated the effect of inclination on discharge of the normal weir,
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and developed a relationship for the unit discharge of the obligue welr.
He conducted his experiments in a canals Another interesting work
reported was the research carried out by Muralidhar in 1965.
Lakshmana Rao (1975) reported that Muralidhar investigated effects of
inclination on the discharge co-cfficient of welrs of finite crest
width, and concluded that the discharge co—efficient decreased with

increasing inclination of the weir.

1a3 objective anl ooy of study

The objective of this study is to investigate the effects ?f
inclination on the characteristics of a rectangular thin-plate weir.
The characteristics investigated are the ability of the weir to
develop head, measure or pass discharges under varying heads, and how
sensitive the weir is within the range of head used, Inclination
refers to the angle at which the welr is placed with respect to the

axis perpendicular to the flow diregtion.

In carrying out this study, «aporinents were conducted in the
laboratory. An open channel 15.24cm wide by 30.48 cm deep and 6m
long was used to run the experiments. Weir models (3mm thick) of

height 10.1€cm and of inclination in 15° increments from O to 75°

were used to run the first set of experimentse. The experiments were
then repeated for two weir heights of 15,24cm and 20.32cm. Eighteen
weir models were used for the experiments, During the tests, head

over the weir crest, and the discharge passing over the weir were
measured. The head was measured using @ point gauge (BS: 3680: part 7),
and the discharge was measured using the velghing method. water for
the experiments was recirculated by means of an electrically operated
centrifugal type pump which raised the water from a sump below the

chanfiel to about 2m into the chantiel.
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To assess the head development. characteristic of the weir, three
sets of graphs were drawn, viz:- (1) Graphs of discharge (Q) against
head (h) for each weir height, p, (2) graphs of the ratio g. against
® for fixed discharges (for threce i ferent heights), where © = weir

inclination, and (3) graphs of tlie head ratio ho/hsk against Q

where h, = head on normal weir, -nd hgy = head on inclined weir.

Graphs of the ratio ho/hsk against @ for fixed discharge were
also drawn to illustrate the usc of this ratio in choosing the angle
at which a weir can be placed in o canal or channel in order to

satisfy a given head ratio.

Sensitivity of the weirs werc computed and plotted against
discharge in order to see the treml of sensitivity with varying

discharges.
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2+ pefinition
A weir may be defined siply os any partial obstruction in an
open channel en top @f which th 1liquid flows with a free surface,
The weir crest is the edge or top surface of the weir. The shéet of
water flowing over the weir crcst is called the nappe. The vertical
distance of the crest from the bottom of the channel is the weir
height, p. The upstream section of the chalnne_'l leading to the weir
is termed the approach channel. The depth of water above the weir
crest is termec the head over the .eir, h, Figure 2.1 shows a definition

sketch for & rectangular thin - plate weir,

— —— —— —

7777777 ] 77777777/ 77 /77777

(a) side view
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(b) Plan view

Fig‘ux'e 2e 1 Defi_nitim S]':E‘tch fOr a ruct‘:lgu!i: thin—-p]ate weir
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- e Wwelr Clusodfic tion

Weirs can be clasgﬁgied into various types depending or their
geometry and nature of/crest. The jeometry, to a large extent,
determines the flow characteristics of a particular type of weir.
They are broadly classified into thin - plate and broad-crested weirs,

the most important of which are Lriefly discussed below:-

2.2.% Thin-plate weirs

A thin-plate weir is a weir vhose crest thickness in the flow
direction is thin enough for the lower nappe surface to spring clear
of the lower edge of the crest on the downstream face of the weir
(Fiqure 2.1). The thin-plate welirs arc the most frequently used in
laborateries. Their main attraction is thelr cheapness as they can be
made with materials readily available in the field. steel plates and
perspex, for example, have been commonly used, Moreover, laboratory
conditions can be quite accurately reproduced in the field when using
the thin - plate weirs. Their dlisadvantage, however, is that the
crest can be easily damaged by suspended materials especially when the
weir is put to use for a long period. They, therefore, require
considerable maintenance, and are best suited for use in sediment-free

water,

The thin-plate weirs are also referred to as "sharp-crested weirs®

and are further subdivided as followsi=

(1) Rectangular full-width weirs are thin-plate weirs of rectangular
cross~section and occupying the full width of the channel in which
they are placed (Fiqure 2.2). The tem "suppressed weir" is also
applied to the full-width :«ir,

(11) weirs with end contractions (contracted welrs) are those weirs that

do not occupy the full-widit!i of the channel in which they are

Placed (Figure 2.3).



(iii)

(iv)

(v)

(vi)

(vii)

{viii)

v - notch weirs are those with triangular cross-section, with
the apex of the triangle downwardse. The included angle in the
uyn varies, but the most cauwmon in use is 90° (white, 1978),
Pigure 2.4. The V-notc' 'wirs have advantages over the
rectangular weirs in thit they can be used to measure much
lower flows accurately than the rectangular weirs, and they
are also more sensitivc. The discharge of y-notch welrs
increases more rapidly «iih thz head than that of rectanjular
welrs.

rapezoidal weirs are welrs of trapezoidal cross—section
(Figure 2.5)e A typicel :se of this weir is the Cipollett!
welir, whicﬁ has a side slope of 4:1 (USERy)we.

parabolic weir.
This has parabolic cross=section as shown in Fiqure 2.6, and
the section is defined rvy

x° = Ky

Circular welr, which is 2 weir with circular cross~sectior -
shown in Pigure 2.7.
Compound weirs.
These are weirs of cross-section combining a rectangle and a
triangle. It is in effect a special combination of rectangular
and V-notch weirs. The advantage of this is that the same
welr can be used to measure accurately very low flows using
the v-section and at high flows the rectangular section is also
used. The compound weir section is shown in Figure 2.8.

oblique weirs.
An oblique weir is a weir wiich makes an angle with the axis
perpendicular to the flc'r ‘irection (Figure 2,9). It is the

type under investigation in this study. Much mor=s would be



discussed about this later in the text.
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242,72 Broad—crestad Wolers

Thésa are weirs with finite crest thickness, as a result of which
they are also referred to as Wucirs of finite crest widthw. unlike
in the thin-plate type, the lowur srface of the nappre adheree to the
downstream edge of the weir crest {Figure 2.10). As with the thin-
plate weirs, they can be of any cross-section such as rectangular,
triangular, trapezoidal, parabolic, circular or compound, and their é

discharge relationships likewise depend on the type of cross-—section.

-

Tf/////// ///f////f//

Le L .’

Figure 2,703 Broad - Crested weir 5

nappe ' i
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Zele  Pactors affectling Flow over the thineplate Weirs

quite a number of factors affect the performance of welrs
generally, Some of these are:=
2e3els Aeration

A thin-plate weir must bec “ropcrly aepated for relinble and
stable performance. 1In this weir type the nappe springs clear of the
lower edge of the crest on the dounstream face of the weir. as a
result of this, pockets of air fomm beneath the nappe, and from this
alr pocket, a quantity of air is continuously being removed by the
overfalling jet (LRI, 1976). Thiz consequently lowers thi: pressure
beneath the nappe, thus increasii the pressure difference between
the upper and lower surface of the naspe thereby increasing its
curvature and consequently incrcasing the discharge ccefficiont.
man underpressure beneath the no, pe wlll deflect the nappe downmwards
erd thus gives a smaller radius Lo the streamlines, which r.sults in
a higher discharge coefficient" (ILRI, 1976)s It alsc results in
unreliable and unstable performance of the weire To guide against
these cffects, the nappe must be properly ventilated, To do this, a
continuous supply of air is often passed to the underside of the
nappee In a situation, however, where the weir is to be operated
under submerged flow conditions the need for aeration does not arise
as the welr itself is completely drowned in the flowlng water, and
both upstream and downstream head measurements are needed to compute
the discharge over the weir.

Ze3e2s Appbroach channgg_gonditions

The approach channel is the upstream section of the channel leadgng
to the weire It may be of reguluwr or irreqular cross-sect’on. yalocity
distribution in the approach chaircl Affects the flow over the thin-plate
welrs. The approach velocity is ohtained by dividing the measured discharge

by the cross-sectional area of t'. water depth in the approach channel,

assuming that the distribution is'uniform, The velocity distribution,



however, is not always uniform sut varies with the channel geometry.
1f th approach channel is straig t -nd reasonably regular for a
distance of at least five times its surface width, the velocity

iistribution is practically unicorm, and there will be no significant

water level variation across the channel width (white, 1978).

gkewness of the weir can ~lso affect the flow over the weir.
In an oklicue weir, the dischair > is cbserved to be concentrated
towards the side further downstreame If the weir is the contracted
type then its positioning whether cymmetrical or asymmetrical to the

flow direction may further affcct the flows

weir height also affects thi» Ilow by affecting the approach
velocity distribution. when a weir i: installed across a river or
channel, the water level risec wurctrean of the weir, resulting in lower
velocities. If, in addition, the chunhel bed is erodible, it will
result in sediments depositing on the upstream side. If the deposition

hecomes significant immediately ., siseam of the weir, it will reduce
the effective weir height, and con:2cuently increase the discharge
coefficient (Lakshmana Rao, 1975), The effective height of such a
welp constructed across a river or channel with erodible beds can be
maintained by removing the deposite! sediments using silt extracting

devices.

Studies on weirs have been based on steady state conditions in the
approach flow. Unsteady flow has effect on the flow over the weir. 1t
is not possible under unsteady ctate flow conditions to measure
satisfactorily the head over the weir. Tt seems, howevir, that no
systematic investigation has been c.rried out on the effect of this type

of flow (Lakshmana Rao, 1975).
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Liquid properties such as rurface tension and viscosity are also
founa to affect the flow characteristies of the weir (Lakshmana Rae, 1975).
The effect of surface tension h-s boon found to be more pronounced at low
heads Ind larae crest thicknesz. vViscotity effects alse follow the same

trend. However, the effects can be neglected at high heads.

The location where head ov r the welr is measured is also

&)

ignificort. This is because the .mier surface profile upstream of
the weir is not horizontal (Whits, 19738)s Tinmediately upstream of the

welr, there is the drawdewn recion, an' further upstream fricticnal

losses preduce & waler suriace o' ope  towards the welr plate. To aveid
these weas the common practice o to take the head measurements at a
distance of at least four tim s “he maximum head over the weir

(BS: 3°80: part 4a), but not furtheor upstream as to be strongly
influenced by frictional losses. /his location has at best remained
approximate because it has not been possible to come up with a fixed
location-. Pixing the maximum hex! in a laboratory model is relatively
easier as the dimensions of both the chamnel and those of the weir can
be fixed, Usually when a weir is to be constructed across a river or
stream, flow duration studies would be necessary to determine the

maximum head to be used,
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2ada Sm. Thiories of Pidne 1_te Jelrs,

several investigations have been carricd out on weirs generally,
and on t! thin-plate weirs in rarticular in the past two and a half

cent' »lo . (Lakshmana Rao, 1975).

Fteley and Stearns (1883), ior cxample, ran tests with two
thin-plate full width weirs, 1..0m -nd 5.00m long, and deduced the
following formula for the discharge of uater over the weir,

Q = 1.83bﬁ3/z + 04002b (2.1)

They suggested the range of applicablility of the formula as heads

of 2cm to 50cma

Francis performed experiment. with the thin—-plate weir in 1884
and developed following relationship for full - width weirs (Brater

and King, 1976),

a = 1.85bn>/° (2.2)
He conducted his experiment: Sthin the following ranges:-
(a) head cver the weir of 10 Lo 5Ucing

(b) weir crest lengths oif 2.40 to 3,00 m3
{c) weir heights of 0,60 and 1«50 r; and

(d) Approach velocities of 0,000 to 0430 m/s.

Troskolanski (1960) reported that ijénsen ran experiments with the
thin-plate full width weirs in 1092, 7The weirs had crest length of
1.0 m and height of 0,51dm. Head over the weir was measured at a distance
of 1,70 m upstream of the weir. The range of head over the weir was
10 to 40 cm. Hansen presented t!i~ rclationship between the head over the

weir and the digcharge passing over the veir in tabular form.

Schoder and Turner (1929) conducted viry many experiments for the

discharge over the thin-plate full width weir. pased on the data obtained
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schoder suggested the fellowing fonmla for the discharge over the

welr, %&
2
Q = 1»&4!3 (h + Va) 4(‘0.54}1

) :
2.3
= , (2.3)

.2.9

schadert's work suggested that in situations where the approach
velocity distribution is not uniform, the effect of velocity above and

telow the weir crest should be considered.

rehbock (1929) also carricd out intencive studies inte the
characteristics of the full-widih thin-plete weire, and developed the
following expression 'i'or the disch-rge over the weir, and which he
presented in his discussion of schodert's wmorke
3/2

Q = 2/3V2g b (0.202 4 02,0032 h) (h 400125)  (2.4)
P

The formula, he suggested, a°lied in general to any full-width
thin-plate vertical weir with z ' _rioctly free and fully serated nappe,
and with practically uniform agrocc ch velocity, within the follewing
limitations:=

(a) 0003 < h < 0, 75m;
(b) b> 0,30 m;
{c) f> ©.30 m; and
(d)° 2.(1.0.

)

The Internatiunal Institute for Land Reclamation and Inprovement,
TLRI (1976), reported that Alchel perfommed experiments with oblique
welrs placed in a rectangular canal .ith upstream weir face vertical, and
with the crest length L (in flow Vireckicomdsmall compared to the crest
width, b, as shown in Figure 2.11. lie sugfested that the discharge per
unit width of crest, qg OVer the eir can be deterined from the following

relationship,

Ay = (1= __E.Q’q (2.5)
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Figure 2.11: Definition sketch of Oblique weir -

Kinsvater and Carter (1959) introduced the concept of
effective head and width into the thin-plate weir discharge equation,
to account for the effects of viscosity and surface tension. They
argued that the inflyence of both viscosity and surface tension was
to increase the head, and to increase or decrease the width of the
weir. The influence decreased as both the head on the weir and the
Qeir width increased. They suggested a discharge goefficient -
indebendent of the viscosity and surface tension effects, but dependent
only on the ratios b/g and h/p. They experimented with a thin-plate
rectanguiar weir whose b/B ratio varied from iess than one t¢ one,
and proposed the following equation as applicable for all rectangular
thin-plate weirs,

3/2

= ¢ b_h
? ¢ e © (2,6)
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h = h 4 k.‘-‘.

The cffects of surface tonsion wire further studied by sarginson
in 1972 (Lakshmana Rao, 1975)s e cwie up with the following expression
for the discharge over the weir,

3/2
Q = (1.81 4 4422 4 0,22 h) bh (2.7)

] P

Sarginson observed that the Tormula is valid for heads of 1 em and
above, and enily for a weir with well = cerated nappe.

The effects of variable channel slope on discharge was studied by
Hiranandani and Chitale in 1960 (Lakshmana Rao, 1975).- They suggested
that the fellowing expression would take care of such effects.

;.]l = (_%EE) - (2.8)

s SES

Hiranandani and chitale alsc studied the effect of unsteady flows
on the discharge, and recommended the use of Wiggin's flood formula to

compute unsteady discharge ovor t'.. wwir, wiggin's formula is given by

1
£

B =1 -7 1 yan] 2.9
2 [ (e o

Israelson and Hansen (1902) dcceribed the offects of deposition of
sediments upstream of the weir; on wwir discharge, Afcording to them,
‘deposition of sediments upstream of the weir changed the approach flow
geometry, and caused the dischar = to incrcase to a value more than that

detr.rrmined from the measured head ov.or the weir. Figure 2.12 shows the

definition sketch used by them.
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Muralidhnar carried out studies on oblicue weir of finite crest

width in 1945 {Lakshmana Raoc, 1070).

7 /%"/'/}/ 77777

Israclson and Henson, 1962}

Me eboerved discharge

concentration towiards one side of tha weir, and that the discharge

coefficient decreased with increczing angle of alignment.

The

coefficient was also found to be alTected by the ratic B/bg (Figure 2.13).

Heé suggested that the discharge coofficient can be expressed by

_ L 2.10
Cap = £(n, v, B b, ) { )
1
K
1 e S Se——
P weir =

S P77

LSS

(a) side view

Ll L L LS

B < NL S

|

b

7T T 7T

Figure 2.13:

{(r) Plan view

oblique weir of finite crest width
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white of the Hydraulics pesearch station, wallingford, Bnqla.nd,.
investigated the effect of the loc:ition for head measurcment, on the

discharge (ackers et al, 1980)e iascd on 1 fixed location of Ly

P~ = 2.67,
he developud the following relationchip for the discharge,
3/2
Q= 0562 g (1 4 0.153 1}) (h 4+ 0,001) (2.11)

It can be seen from the literalbure cited that a number of
investigators came up with different =cmations and formulae for the weir,
This preobably is due to the diflfrant e:porimental conditions and
limitations under which the experimenters wrked. The complexity and
interaction of the factors arfectine the weir characteristics also
probably add to this. The best ractical method of using a particular
veir as a device is therefore to culibrale the weir in the field
especially to determine its cocificicit and discharge characteristics,
and these have to be reviewed from time to time to make sure the
characteristics have not changed with time due to possible changes in
the behavious of the channel or sirew: or the geometry of the weir. This
is particularly so for the thin-plate weir vhose crest can easily be
damaged by obstructions or debris in the channel in which it is

constructed.
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245 *  Hydraulics Of Thin=plite Rectangular weirs

2.5.1 The simplified Weir #low Eruation

The flow over the thin-plate veir is essentially two-—
dimensional (Vennard and streetly 19756), and is a complex problem
that often leads to complic :ted withermatlical analysis. This is
because although most of th. Jactors a.fecting the flow can be
identified, their individual in“iuemces are either inter-related
or con at best be verified onl =orrimentally, It is clear,
therefore, that to derive a sim,le flow formular for the weir
analytically, requires simplific tion of the problem by certain
assumnptions, and the result 1. lorefore, approximate. with
appropriate experimentally detaimined coefficient applied to the
simple relationship, howev r, -~ Luttor Insight into the weir

problem is obtained.

The simple weir equation i: derived analytically by referring
to Figure 2,13 and 2.15 and mking use of the following assumptions
(vennard and street, 1976C ) 2=
(1) That the approach velncitv distribution is uniform,

(2) That particles of fluid move horizontally as they pass over
the weir crest

(3) That the nappe is adeuately serated so that the pressure
inside it is zero,

(4) That the effects of viscotlty, surface tensicn, turbulence and

secondary flows are ncgligible,

Applying Bernoulli's ecuation Detween any point on section (A) -
(A) and point B(the centre of cravity oo the vena contracta in the

nappe) with velocity v, we obtiin,
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2
h+£- {h-y-) +:}£ (2.12)
’g 2g
v = 2c {Y 4+ V2 {2433)
2 : 3 '
29
If dq = the flow per unit crest length through the o’ =z7ent of
height dy, then
dq = V2 dy
£
S = 29 ()' *'Vy ) dy (2,14)

29

Integrating equation (2.24) between y = 0 ané y = h ve obtain,

N 5 3/2 3/2
q = 2 29 heV 2
3 V2 ( 51—9 N (f}_ (2415}
S 25

For a weir of crest lencgtk, b, the lc'al flow Q is then given by

5 W2 5 32
Q = 2 ’ 2g b (h+‘.',,l ) - V1 _
3 '-':—_)_" (-5-(-;—) (2.15)

To transform equation (2.16) in%c actual flow equation, the
effocts of the factors disrogarded In the basic assumptions as well
as other factors that nay e affecting the flow rust be taken

care of, To do this, a coefficient, T, is introduced to give

3/2 3/2
¢ 2420 b bvz f
= LS4 © (" 1)”("1) (217)
3 _?5 2';"

and yet ancther coefficient, Cd’ defined by Cd = 2[5{?‘3 is

- - 4 - 2 3/2 23/2
introduced to give @ = €4 b (N_?._) & (Vl ) (2418)
29 2g

here C'd = discliarge coefficient of the weire

As in most weir problersy the approach velocity is small,

" 2 —
the ternm Vl is often neglected to give the simplified welyp

<¢ /2
flow equation in the form, @ = Cd bh

(2412)a
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It is to be noted that the coefficient of discharge Cy as
1lren ly montioncd, tikes care or the wifucts of the phenomena
cisrcgarded in developing tie simplified equation and transforms it
into actual flow equation. It is in coffect, a coefficient which
expresses the extent of contractlon of the true nappe. It is also
to be noted that ¢ g must be detormined experimentally for a given
sct of conditions. Rehbock (vennard -nd Street, 1976), for example,
investigated this coefficient, nd cume up with the following
empirical relationship,

Cd = 0.505 -+ 0-08_2_ + j_'f_ jll" f2.20)

The weir equation can also be derived by the method of
dimensional analysis. The geometry of the flow pattern over the
weir can be described by the head over the woeir crest, h, the weir
height, p, the £luid viscosi ty,// s surface tension, s, fluid
density, @ , and acceleration due to gravity, g, 2ll forming
independent variables. The dependent flow characteristic can
either be the discharge per unit width of the weir crest, g, or the
head over the welr, ha 4s tho head 1s ~lready taken as an
independent variable, the dependent flow characteristic is then the
flow, which can be expresscd s

q = £lhyp, YV |5&f 33) (2.21)

When dimensional analysis 18 porformed on equation (2.21) the
following relationship (see hppendix a) is cbtained,

3/2

q/h v'-g' = (D_!Rgu}

1 b (2422)

The left hand sidc of cqu~tion (2.22) is actually equal to cd/yﬁ'

(based on equation 2.19). Ecuation (2.22), therefore, becomes

S £ [h
— = -— R W (2.23)
Vg 1(p’ ' )
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From equation (2.23) the discharge, <, 15 given by

3/2
q = Cgh (2.24)

For a weir of width b, the total discharge q is given by
3/2

R (2+25)

Eqiation (2.25) is the same as couition (2.19), and equation

(2e22) shows the effcct of the » Lio_i tho Reyhold'!s Number, and

the viebert's Numbery on the wodr flow, 7Tho ratio h takes care of
3

the weir geometry, and the Revneldt!s ond yebert's Numbers take

care of the influence of viscosity =nd surface tension respectively.

For an oblique wiir, an additional veriable, bgs which is the
length of the oblique weir crost, s cxmocted vo affect the flow.
The flow, dgi? can be oexpressed

g = f3 e Pafa S f, % Dbs) (2,26
Dim-onciontl an-lvsis (Appendix A) of equetion (2,27) gives the weir

cocfficient as

Cy = F, (p_, Ry Wy _13_) (2.27)
p Dg

The weir crest length bs cai bc cipressod as

bS - }3-—-— (2.28}
cose

(Ecuation (2.28) follows from Ficgure (218)

The flow relationship for the oblicue weir can then be written as
b 3/2

LLLLE LSS LEE

b ‘E/Z
| — — i

— — —

y ‘
7//////\/2/////

Figure 2.163 Inclined weir definitien (Auther's)
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2adel Thine-plate Weir sencitivity

A welr develops 1 certain hood wpsbroaum of it as a result of
certain discharge passing over it, As the discharge is increased
the head over the welr crest incroascs rosulting in vardations in
head. How much head varistion: o wilr develops under changing
discharges indicates its sensitivity s 1 hydraulic device. A
very sensitive welr is expected to produce measurable head v
variations for very small chonves in discharges When two welrs
are campared, for example, the more sfonsitive of them is the one

in vhich greater inerease in hoad is produced for same increase

in flow, both weirs startinc 2 il w2 initizl flow (Troskelanski,
19603 Lakshmana R0, 1975). ‘iorc L5 no doubt, therefore, that
the concept of scnsitivity iu mothor way of assessing the
performance and reliability of o owadr ag o hydraulic device,

The sensitivity of a «wir ic dofined as the ratio of the

clementery increase in head to Lhe lonmentiry increase in flow
ratc (Troskol-onski, 1960), It cmn b expressed mathematically as
g =& (2.30)
4

It can be clearly scen frod: coquition (2430) that the
sensitivity depends on the Jlou olaracteristics of the weire For
a thineplate weir, for cxample, th. saensitivity depends to a large
degree on the crest geometr in turmis of how well it has been formed

and how carefully it is heine mdntzincd.

Considering the normal thin=plate weir in particular, the

typical diSCharge E’quation is
3/2 _
Q@ = C4qbh f(emation 2419)
Differentiating,

5
.g% - %cdbh (2.37)
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uation (2.19
From cgquation (2.19), 2/3

Q
h - (2.32)
(%)

Combining equation (2.31) ¢ [7.32),
z/3
g = 27,1 1 (2.33)
3 (Cd"" 373

Equation (2.33) shows that for « constant Cy value, the
sunsitivity is expocted to decrorse with incraised flowse When

equ=tion (2,33) is applied to "n oHlicue welr, Dbecomes,

2/3
§ - = *‘1‘:;1 1 2.34
3(‘“ ) stI'3 ( :
2/3
6 - 2 rcose 1 (2.35)
(cs‘us) qsk’UJ

The concept of sensitivity, as alrcady mentioned, is incther
way of assessing the poerformance of “ieirse It has been used in
this study to indicate thu relf-Lility znd performance of the

various weir models used in the wsoriments,
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CHAPTER 3

EXPERTMENTAL SET=UP_AND RESULTS

3.1 Experimental Facility

The study sought to inveollgate the effects of inclination
on the characteristics of cbliqz thiln-plate rectangular full-width
weirs. Tt essentially involved measuring head over the weir crest

upstream of the weir and the discharge passing over it,

A 15.24 cm wide by 30.45 cm deep, and 6m long glass walled
channel was used for running the experiments. Water for the
tests was recirculated by means of a small centrifugal type pump
drawing the water firom a sump bLeneath the channel to a height of

dbout 2m into the channel,

Steel thin-plate of 3mm thickness was used for constructing
the weir modelss The height of the weirs was 10.16cm, aligned in
the channel in 15° increments from 0 to 75°. These were used in
running the first set of experiments, The experiments were then
repeated with weirs of heights 15.24cm and 20,32cme Eighteen
models were used. The downstrenm cdoe of each model was chamfered
to sbout 45°. Alr vent of 1.25cm dliameter was drilled at mid-length
of the crest with its centre 3.050cm below crest level. Figure 3.1.

shows a typical sketch of the weir models, while Figure 3.2 shows

the laboratory experimental set=iipe
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3.2. Experimental Procedure

The weir plate was instailed in position. A copper tube S50cm
long with a '135o bend was tightly fitted %nto the air vent in the
plate, and to the other end of the covper tube was fitted a 100cm
long plastic tube. The free end of the plastic tube extended
outside the channel, resting on the channel side wall so that air
freely entered it. This formed the ventilation conduit with which
the lower surface of the nappe was deratede Putty was used to

prevent water leakage.

The centrifugal type pump .as started which raised the water
from the sump to the channel passing ovey the weir crest. when
steady state condition was cstihlished, the head over the weir was
measured using a point gaugce Corresponding to this head, the
discharge was measured using o weiching arrangement at the discharge
end of the channel shown in ™ijure 342 For each experiment three
discharge readings were taken and the mean discharge corresponding

to the measured head taken.

The discharge, and so the head, over the weir were varied by
manually regulating the valve located at the discharge end of the
pumpe. Measurements were stopped as socon as water drops from the
tailewater started getting into the ventilation conduit thereby
reducing the ventilation of thc nappe, This in fact limited the

maximum head that could be reliably measured.
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CHAPTER 4
RESULTS

zf,'l hnalysis of Results

Three sets of weirs of helghts 10,16, 15.24 and 20.32cm were
used for running the laboratory experiments. For every height,

inclinations of 03150,300,450,600 and 75° were used, The parameters
measured during the tests were the head over the weir, hy, and the
discharge passing over the welr, Qe From the measured values of Q
and h, various other parameters were computede The resulting data
obtained are presented in tabular form, Graphs were also drawn

using the data,

Tables 4.1 to 4.6 give data for 10,16cm weirs at various
inclinationse. Columns (2) and (3) show the values of h and q as
measured in the laboratorye Columns (4), (5), (6) and (7) show,
respectively, the values of Log(h), Log(Q), weir coeffici;ntq Csk,
and welr sensitivity, § , as computed fram the measured values
of Q and he 1In addition, corresponding data for the 15.24 and
20+32cm weirs are yiven in Appendix B (Tables B1 to 6, and B7 to B12,

respectively).

The ratios head to weir neight, h/p, against inclination '@, were
also computed from the measured values of Q and h for all welr heights.
Table 4.7 gives the values for a fixed discharge of 1x_18 m;s, while
Tables B13 and B14 of Appendix P give corresponding values for
discharges of 2x§8 and 3x-'1?) rﬁs/s, respectively. The reason for
using three different discharce values was to see whether there
was any significant variation in the ratios h/p against @ under

different discharges.

The values of the ratios head on normal weir to head on inclined
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welr hofhsk, against © for the 10.16cm weir at various
discharges, are given in Table 4.8, Tables B15 and B16
(Appendix B) show similar values for the 15,24 and 20.32cm weirs,

respectively.

Various graphs were plotted using the data obtained and

these will be discussed in the following sectionsi=
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(:I.} (2) (1) {3 l (™ (" {7}
sive- |52y | &5 e | 1o |l e | oy [y
1a 1.52 0.57 a2 ;-3.24 2.00 17,76
2. 1.70 0.58 ~de 7T | ~3.17 2,01 16467
3. 1.90 0-80 4,72 § =3.10 2.00 15,87
he 2.05 0.9¢ 159 } -3,05 2,01 15,18
5. 2.20 1,05 —1.07 } -2.98 2411 13.98
Ge 2065 1. 30 1,535 | =2,89 1,98 13.60
7. 2,75 1049 55 | =2,83 2410 17.48
8. '_3.40 1.89 a7} =272 1498 11,97
9, 3,50 2,00 ~1ed’ | =2.70 2,00 11.59
10. 3.85 2.30 1,41 | ~2,64 2.00 11.17
12. | 450 ;.34 —1.35 | =2.55 1,95 10.58
12, {475 3.12 -1.320 | w2.51 1.98 16.15
135. 5226 3,47 —~1.28 |..=2.44 2.00 Y. 55
14. 5464 4,15 ~1e25 | -2.38 2.03 9,07

Table 4,1. Data for P = W.lhea; 8 =0 b = kg = 15 24CMa
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(1) ! (2) l (3) {4 15 (6) {h
-
8/ho- X’]O—?m 116"91»‘13/’3 lov(h) Log(Q) { Cge g
1. 1.40 0,560 ~1a U5 =2:22 2.29 15457
e 1.55 0.75 -1.7£ ~3a.12 2e28 14,67
3. 2.03 1.00C —lels =3.00 2027 13.21
4 YR B —1.53 | =2.50 | 2.21 12,49
5a 2e 50 1. 40 ~1, 08 -2.85 2010 12.21
5.’ 2.E85 1.0G5 ~Tal0 —-2+80 2,06 12,120
T 3.05 1o 0 e 50 ~2.74 2a {4 11.30
8. 3,20 1.90 Lol ~2472 2.10 11.23
Ge ;;35 2.07 g7 -2 o8 Z.13 10,82
10. 3,70 2.40 =1433 —~2s52 2,713 10.28
;1- %.15 2483 wle3D —2e5d 2415 10 e b
12 4,70 3ei:d ~1.33 =2,47 2ele 9e 17 F
13« 5.00 3475 —1e30 ~2.43 | 2.12 R,90
14. 5.40. 1,22 -%a27 ~2.37 2e13 8.53
Table %.2: Data for ¥ = 1W.10 iy 8 = 150; 7= 15.24 cm;

b3 =

15.80 om; L, = 20 ¢n
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(0 2y | (3) b (5) ) (N
i
moe i B! Q
S/NCe 1 : 2 L .
. x'%\': € ;15 /s hog i loga) Cek <
1a | 1-33 0&7? "“:.l?'-;‘ "'3n 10 2- 10 14.13
i
2. 1,70 (ePNs! ~1,77 =317 2.06 14+ 13
3e 1,91 [DPRE1S P W e -3,01 2.11 13.00
L 2el3 1. 14 wtalil ~2 .54 3.08 12 .48
Se 24:10 1e 32 -5 =2, 80 2a02 12.12
! -T -
G : 2e53 1 1.50 —la0l -2.851 2.07 11. 30
* ! ; . ;
7 e 2.43 Te 70 -lefi i —2.7C 2.02 i 11.05
- -
Ee 3,09 1,50 1,01 -2 .72 1.99 10.89
!
9. 3023 2.02 "“1.'A-z "'C-asg 1,99 10060
10« 3.47 fe3d e —2,0G2 2,00 9,88
——--A-M-ﬂlmlh—-““'-h—&-'
i ‘1‘10 3.89 2-6(3 _b.'i"‘ “2.57 1.99 9.66
- E ]
‘12. ; 4-07 1 2.9;}1 "‘",.'.139 - 2.53 2.02 9.30
| \
13 4e39 [ 3413 =lal0 =2.50 1. 95 5.22
13
!
I—_-—-—.- I. - ] o i [, _..,....,....’_..,...‘l..v . st ow a ok oa o [ —
| oM D &2 3205 1432 ~2.44 |} 2,02 8.63
i I
L---———- S 1
| 1. D10 410 ~1e20 ~2,3% 2402 £.30

-,

Tadles 4230 Data for p = 0.1 B = 3

hg

= 17.%0cw; ©h = 20am

(&

D = 15.24 cm;

g,
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bs

= 21.G0cm;

La 1 == RUCm.

| \
| (1) (2) (3) (") (5) (G) (7)
S/NO.
x15 Em T 93‘9 S loe{h) log{a) Cax 6
'1. 1060 D. ‘)0 “”’.U(" "'3. 05 2.06 11085
2. 1470 0,97 —1a77 -3.01 2,02 b 11.71
3e 1. 91 1,92 | ~1.72 ~2.95 1.97 11.35
i
5. 2,25 1.45 bt ~2.04 1.94 . 10452
Gua } 2,54 1465 —te’30) 2,73 1,88 10,29
] [
l .
T 2'69 1-82 ""-57 "'2.?'1 1.91 9-86
'
8. 2,62 2.00 l w155 2,70 1,95 $9.42
9. 3,02 1 2,10 | =.52 ~2.66 1494 9.17
l E
104 3.35 | 2.0 ] et -2.50 1,88 8.97
11a ! 3.63 2.77 —1e —2.55 1.8% 8.75
| |
L1z, 372 2,92 e A3 ~2.53 1.88 8,51
F L ’
{ }
5 o13. ] 3.0 1 3000 —Te-41 | 2.51 { 1.83 8439
Tble 4,4. Data for p = 10«10c1; U = 3593 b = 15.24 cm;




37

L)
(1) (2) | (3) ; (4) I (5) (6) (7)
- . | ._J[_____ | v,
S/NO. }_12 Qg l i
]
x10m | x10m3/si 1log (h) i-log @ } ¢ S
- . — } - - - — -
1, | 0,83 | 0,50 ! -2.08 | -3.30 1} 2,16 ;11,10
= ) t T B el :
[ . L] 1 i
2. | 0.99 | 0.64 =2.00 | «3.19 | 2,14 10429
3. 1- 05 O- 70 "-1. 98 —3. 15 2. 14 9-99
|
4, 1,20 0.78 ~1.92 =3s11 | 1.94 10429
| st
5- 1.27 1.04 “'1.90 d "2.98 : 2.38 8.15
L il W
] 60 ‘1.58 1.15 ""1-80 : -2.94 : 1-90 9.16
9 1.70 1.57 ~1e77 =2480 2432 7423
8. 2.09 1,78 ~1,68 -2 78 1e94 7«81
D 2.18 2.11 ~1.66 -2468 2416 7.87
10. 2.46 2,36 -1.61 -2.63 2,00 6,97
24 2455 2.50 ~1.59 —=2460 202 6e 79
3, 2.7 2.84 1256 =255 2402 6.39
13. 2.90 3.00 ~1,53 ~2e52 2.00 6.43
] 14. 3,07 3,13 wle51 ~2450 1490 6.56
15 3.45 3,61 ~1.46 -2.44 1.84 6,39
16 3.75 4.15 +3:43 -2438 1.85 5¢76
17 3,85 4,50 -1s41 ~2s35 1496 5¢70
18 4,30 4.84 wle37 2432 2718 5495
v 19 4.51 5.05 -1.35 | =2,30 | 1.72 5.98
i e s -

Table 4.5. Data for p = 20,16cm; © = 60”; b = 15.24cm,

b_ = 30.48cm; L'h = 20cma

1<)
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]
€1y % (2) (3) (1) (5) (6) (7)
l i
s/No, hy 83
%10 m x1: ®/s Lo (i) +2q(Q)}
] s 1.00 1.3 -2 420 -2 2.34 4.B4
ll 1-#‘2 ‘1-5\ ~ie. ‘-3-:.:2 ?t‘:‘? 4.54
_-m.. 1.09 Lo - e e 80 2e40 4,53
X -
'1. 1. -I,G ‘l.- - - ® "'_)-71 2.\ 3 ‘1-32
[ ‘.:-'. .2'..-: le | ™ i s -:'.‘)"1 2.3'1 4041
]
- — : L
rv- M 1.3(} E?.J., I—" - "‘a:."-:.; i d--’i3 4.09
i
I |
I .
i [ i 1.37 23 -le —2 o3 2.43 3.79
' '
L]
" E:. I 1.";7 I 2- i ""i.-ia.')r ‘-2-‘(1 2. 3‘1 3.98
H N
. +
¢ | 1.52 24! i_!..:;? 2457 2.43 3.79
| ' |
I 1
r. 10. 1.57 3,00 ‘—1.7’ -2e52 234 3,73
) )
! i .:
', 1, 1.82 | 3,47 f 1074 ~2.45 2.40 3.50
H
— P - :
: 124 1.82 ¥ 3.4 | le74 -2.40 2.20 3.80
| | | i
T | 5. | -
3 13. 1085 ! 3.50 ~la7C —c et 2. 34 3.55
L : , |

'v-,s

le 4.6, Data for p =

=

58.50cm:

1 .
4l .l'il..

Lh

a::?ff

N
- Ll

; b =-15.24cim;
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= calibration of Yeir Plates

Figure 4.1 shown overleaf xe plotted from Tables 4e1 to 4.6
and shows graphs of discharge passing ovor the welr, Q against
head, h, for the 10.16cm weir oi inclinstions of 0,15°, 30°, 45°,
60° and 75°, The graphs were plotted as smooth curves, similar
oraphs for the 15.24 and 20,52c wulrs arce shown in appendix C
(Figures C1 -nd C2 respeccively)s 42hc curves show that for a
given discharge, the effictive head on the weir decreases with
increasing inclination. pFor w@:viple, for the 10.16cm weir, the
graph shows that under a discharge of zx;g ﬁ?s: the normal weir
would develop about 3.5cm, therens the teirs inclined at 15°, 30°,

,150, 50°and 750, would develop Wout 2425361528, 2¢1 and 1.25cm

respectively. Other values of dischiarge wuld show similar trend,
indicating that in terms of developnint of head, the more inclined
the weir, the less effoctive 1t 12, The inclined weir would thus

develop 1luss head than the normcl uelr operating under the same

flow rate,
Figure 4,2 which was ;10" %" Trom Tables 4.1 to 4.6 shows
graphs of Log(h) against Log(q) o= Lhe 10.16am weir,

Corresponding graphs for the 15421 and 2C432cm weirs are in
Appendix C (Pigures C3 amd 24), 411 he graphs plotted gave
straight lines parallel to cach other for different irclinations,
The lines in gemeral have 2 slone of 1450, and, consequently,

Equation {2.29) was fitted for ipolicstion to all the weirs,
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Q
{x10'3n3/sl

\\"\‘ o

4 . S 6

o

(Y
~

w

h(x‘lo-zn)

Figure 4«13 Plot of discharge Q versus head h for
weir height p = 10.18cm for various
weir inclinations.
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Log(h)
=240 -~2.00 =160 =120 ~0.80 =C.40 0
i - i 0
R D R R B
=0.40
(— o
e © 7
n © ~n
o 2. ¥ P qg/ ~0.80
o L] Q v
J’/ ‘°/
S Q? /-
-1.2

Loa(Q)

«2.00

~2440

/ —_— —2.80

T —3. 20

—] =340

Pigure 4.2: Plot of Log Q versus Log h at weir

height p = 10.16cm fer various weir
inclinatiens. '
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4.3 Welr goncliivity Gnalysis

Figure 443 plotted from 7-Lles te1 to 1.6 Shows sensitivity
curves for the 10.16cm weir inclined At 0, 150,300,450,60°,and 750.
Corresponding graphs for 15.27 ! 20,32ch weirs are shown in
Appendix C (Figure €5 and C6 respeciively)e The graphs indicate
that for any given thineplatc i, the sengitivity decreases with
increased discharce as well s 1 th more inclinations The graphs
for the 20e32cm weir, howov ry sho's an intersection between the
curves for 0 and 15° inclinations £ about 5.5::.'-18 rﬂ‘/'s discharge.
Such a trend is not observed in S obher curves. This interaction
may, therefore, possibly Lo duc &4 eHorimental errore. The
sensitivity of tho thinenlabc 1olp i- dependent on factors like
the sharpness of thc crost = th: chamfer of the downstream edge
of the crest. It would zlsc vepend on the extent of contraction
of the nappe, i.e. the amount oF ventilation provided beneath the
lower surface of the nanpes  lithowh the ventilation provided
could be assumed satisfactorils const-nt, it is not possible due
to construction tolerances to h-ve Lhe weir crest exactly of the
same sharpness and chamf r, Tnelining the weir increases the
lenjth and so more frictional resistanc: on the crest surface
develops, This, in itself, oul: afoct the sensitivity of the
welrj increased frictionul roista CE Codsing decrease in

sensitivity,
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4 +— 8‘750
> +
2 L —
0 . v > A A
0 1 2 3 -3 4 5 6
Q(x10 m3/s)

Figure 4.33 . Plot of sensitivity & versus discharge

Q for weir height p = 10.16cm at various

h

angles cf incilnations.
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et gxperiment al Rel tilonship Between h/p and @

Figure 4, was plotted from Table 447 and shows plots of h/p
against @ for all weir heights at a fixed discharge of n-ia n&s--
Similar graphs for discharges of ExEB and 3x;g n?s are shown in
Appendix ¢ (Figure C7 and C8 respectively), The plots show smooth
curves which are linear initiolly and become more curved with
increased 8. They indicate that the ratioc h/p decreases with
increasing inclinatione As the weir height, p, is constant, the
plots show that the effective head decreases with increased weir
inclinatione This is in linc with the cbservaticn made in section
Se2 emphasising that an inclined weir would develop less head

than a normal weir coperating under same flow,
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- 3
G = 1 x 10 “%bs
F
r = 10,106cm T = 15.24cm P e 20.3Z2cm ‘
$/NOs e h/p 5/N0. = h/p s/No. | o | h/p
1. 0 { 0e219 1o 0} 0.148 1e
1
K | -—
LB 1 3 ' :
2e E 15° | 0.249 | 2 v 15° 2 0,438 | 2,
t 1 i i
l e m J
3. f 30° 0.196 34 30° 0,126 3,
)
A as° 0,178 do 45° 0e111 4. 145° ‘o084
5, £0° 0.139 5, 50° 0.10 5. |60° {0,070
e 75% 0.081 Ge 759 0,056 Ga 75° lo.028

Table 4,73 Table showinu the calculated values
of h/p used in plotting Figure 4o
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0.40

0,30

h
P
0.20
0,10
0 .
0 10 ?0 30 40 50 60 70
8(degrees)

Figure 4.4: Plot of the ratio h/p versus weir inclination
@ at a discharge of -
& 1 x 103{£ys
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4dedal Experimnental RQl‘tiCnShip Actween ho/hsk and Q

- s - ——

Filgure 4.5 was plotted from Table 4,8 and shows graphs of
ho/hsk 30ainst § for 10.16em weir inclined at 0,15, 30°,45°,60°
and 75° The ratio ho/hsk is termed the head ratic. gimilar
plots for 15.24 and 2C.32cm weirs are in Appendix € (Figure C9
and C10 respectively)e #&ll these figures show that the ratio
ho/h ak decreases with increasing discharge, The same figures
show that the ratio increases with Increasing inclinations This
results in a decrease in head vith increasing inclinatior fce

same welr height, which is the same as the inferences obtained

in Sections 4,2 and 4.3.
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welr- height p = 10.16cm

Q 0.5 140 145 2.00 2.5 340 3.5

8 (degrees) | h./hgk ho/he. h /Ry, ho/hex h /Mgy h /gy h/hgy
0 1.0 1.0 1.C 1.0 1.0 1.0 10

15 1021 106 1,09 1.06 1408 1,07 1.07
30 1.36 1,13 1a13 1.11 1413 1013 .11
a5 1,42 1.23 T s 1423 2.2 1.22 1.17
60 1.73 172 1.70 1,63 1462 1,59 1.55
75 1 3437 2469 2,83 2,80 2.83 2.80 2,75

Tahle 4.8: Tahle zhowing the galculated values
o= m._d\rmw used in plotting Flgure 4.5.
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3,20

3.00

2.80 1

2460

2.4¥ -

‘o

2:20 o

2400.

1.80%

1.60

1.40

1.20

1._. -g.o
o 1 Q‘x‘l@"alsl.) 2 .

’ '3
Figure 4.5: Plot.of theé ratio hofhsk versus )
discharge Q for weir height p = 10.,16cm
at various angles of inclination.
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445, piscussion Of R?ﬁﬂiEi

Tt is seen from the Forcgoing onalysis that an inclined
thin~-plate weir develops less head than a normal weir for the
same discharge, and the more inclined the weir, the lesser

the head developedas This can e explaincd as followss~—

Inclining the weir increases the welr crest length and so
more hydraulic friction between the flowing water and the weir
surface exists, Part of the energy in the flowing water
upstream is used to overcime this friction. This extra encrgy
use 1s reflected in reduction of the head over the welr creste
The more the weir is inclined, the longer is the weir crest and
S0 more ffiction on the weir suriaco and consequently more
energy is dissipated in overcouing thiz friction, The result
is a decreasing head on the welr az the weir inclination is

increased,

The reduction in the head ¢an 2lso be explained by the
application of the continuity equation to the flow in the
channel. The flow passing over tha weir cbeys equation 2.9

3/2
bg bhsk )

Qg = Cgi and is the same for the NOFMAl ang the

inclined weirs of the same helght. 7the welr crest length by is
increased by inclining the welrs The coefficient cgy ~does not vary
significantly from eme discharge to another as can be seen frem Tables
el Lo 4.8+ An average value can tlws practically be assumed for

2 particular weir type and height to cover both the normal and
inclined weirs, wWith the wvalueof Cgqp fixed and the discharge

passing the same, it is obvious thot khe head on the inclined

welr will decrease,

It can be deduced #rom the foregoing discussion that a key

factor is the weir crest length and us this is increased, the head
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over the weir must decrease since the flow passing does not

charfes

The sensitivity of the welr was alsc shown to decrease
with increased discharge as well as with more inclination. This
can be secen from the definition of the parameter, equation 2.34.
In this expression, the scnsitivity is shown to vary inversely

with the cube root of the discharye and directly with the
2/3

factor §_ 1 4y The coufficient ¢, is practically
(Csk s

constant while by increases with the welr inclination. The
overall effect is that the sensitivity decreascs with more weir

inclination and as the discharge increases,

A relationship, equation 2,0 is fitted for application to
the inclined weire This means that with an experimentally
determined coefficient Csk, the inclinced weir can be used to
measure discharges. This is because as the weir crest length
by is fixed for any given weir, 'fat is required is to measure
the head over the weir crest, nd the discharge is calculated
using the relationshipe. The inclined welr can thus be used

to measure flow as accurately as the normal weir.

The applicability of ahove results can be found in following

circumstances:=-

In order to protect farmland from being flooded by canal waters,
an inclined weir can be used to pass same discharge. As the inclined
weir develops less head, it would provide an increased safety for
the canal against overtopping. :omally a canal is designed for
a given free board, A normal weir can be used to measure flow
in the canal to a maximum permissible value of flowe If more flow

is required to be passed through the canal due to increased demand,
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1n inclined weir of same heiqhit 2 the normal one can be used
without causing the watcr to {low onto the canal banks and
without the need to deepen tho canale The welr inclination

to be used would depend on the ratio hb/hsk which in turn
would depend on the permissible free boards gecondly laboratory

flumes used for research work are of fixed dimensions, A ¢hin-
plate weir can be used to measure flow into the flume or raise
the wgter level, If more flow is required to be passed without
the water spilling over the channel sides an inclined weir can

be used instead of a normal cne,

The issue is then to detarmine what inclination is to be
useds Figure 4.5 shows graphs of the ratio h /hg Versus o
for a fixed discharge of 2 x 10 WSe For a given h./Nak
ratio and weir height, the inclination required can be read
from the graphs, As an example, if for a given weir height of
20432cim, a head ratio of hO/h i ™ 1620 is required, the required
weir inclination is 33°. pifferent discharges can be used to
plot graphs of ho/hsk versus ® and the graphs used to

determine weir inclinations.
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CHAPTER 5

SUMMARY AND CCONCLUSIONS

S5e1 Sunmary

The objective of this study is to lnvestigate the effects
of inclination on (&) the ability of a thin-plate weir to
develop head, measure or pass dischorges andi(b) the sensitivity

of the weir within the range of head useds

Experiments were conducted in the laboratory using 2
15.24cm wide by 30.48cm deep and Gm lorng glags walled open
chaﬁnel. Water for the test was recirculated by means of a
centrifuéal type pump whichraised' the water from a sump below
the chammel to about 2m up into the channel., Eighteen experiments
using eighteen weir models, ware carricd out, The welrs were of
three sets of different heights 10.1Gan, 15.24, and 20,32cm.

For each of these heights inclinastions in 15° increments from O
to 75° were used. During the experiments the head over the weir
crest and the discharge pagsing over the welr were measured. The
head was measured using a peint gauge and the discharge was

measured using the weighing method,

The parameters wekr gensitivity, the ratio head to weir
height (h/p) and the ratic head on normal weir, to head on
inclined weir, (h?/hsk) were computed from the experimental

data obtained. Graphs were plottod to analyse the data.

The study indicates that (1) a rectungular inclined thin-plate
weir develops less head than a normal weir under the same operating
flow conditions and the More inclinced the weir the lesser the head
developed; (ii) the ratio head to weir height decreases with

increased inclination of the welr, (1ii) the sensitivity of the
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the thin-plate rectangular welr cdecrcases with increased
discharge as well as with increased inclipation, (iv) the
ratio head on normal weir to hcod on inclined weir, ho/hsk
decreases with increased discharqe and increases with more
inclination of the weir, and (v) o graph of the ratio hof' hsk
against ® can be used to detcrmine at which angle a thin-plate
rectanqular weir is to be inclin d in order to achieve a given

head reduction.

5.2 conclusions
From the study it can be o cluded thati-

1a An inclined rectangular tiin-plite weir develops less head
tran a normal weir for same 1lscharge and the more inclined
the weilr the lesser the heod developed,

2e An inclined rectangular tiin-plate welr canbe used to
measure discharges as accurately as a normal weir.

o The sensitivity of the thineplate rectangular weir decreases
vAth increased discharge as .ell as with more inclination.

4(a) The development of less hexd by an inclined weir can be used
to advantage in:-

(ii) surface Irrigation systems, where water conveyance is by
canals. when an increased discharge is to pass through
an existing canal in which “he flow is measured with a normal
welry an inclined weir of s:-ac haight 25 the normal weir can
be used to pass and measure the increased discharge without
overtopping the canal banks,

(11) Research laboratories, whc:a flumes are normally of fixed
dimensions. A normal weir con be used to measure flow and

regulate the heads an incrosed flow can be passed by an

inclined weir of same heicl

cut the danger of the
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watcr spilling ov.r “he —<rancl cide,

The inclination re~uired Jor o puarticular head reduction
¢ be determined fram plot of the ratio head on noymal
welr hys to head on "nolinad ueis, hg. {ho/hsk} acainst

inclination, @, for vixious ci-schirce rrngese
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APPENDICES
_APPENDIX A
(i) Dimensional analysis applied to the thin-;late full-width
weir flow Q!ennard, JeK; and Street, R.L. {1976)].
(a) Ncrmal weir:-—
Q-f(hrft;fv =g q) (1)
q-khapb)la sdec gf (2)
where a, b, c, q, e, f, k are constants,
Putting in dimensions of all variables in equation (2)

we det

}_2 - I_.a Lb MS M - W &
i, M L
T LT (:3.‘) (L“g (ﬁ (3)
4

Equating the powers of 11, L, T, in eqn(3)

0 = c4+d 4 & (4)
2 = aeb-c—=3e 4 f (5)
1 = € 4 24 4 2f (6)
From egn (4), e = = ¢ = d (n
From eqn (6), f =% =% c = d (8)

substituting (7) and (8) in (5) gives
a=3/2~-b=3/2c ~«2d (9)
Substituting for a, e, and f in eqn (2)

and manipulating, gives
Ty c

q'kﬁi/z p\ 1 M s d(m
('ﬁ' (hgﬁ‘@)(th g) )

ﬁ w Ty -:;" M s \(11)
h e‘/ah_ﬂﬁ’ é-gT‘i_




50
velocities near the welr crest are proportional to |/gh, which
may therefore be substituted for velocity. Reynoldt's Number then

becomes

R = 2y . 0 yor L (12)
JZ g

where | = the most significant lengthe For large full-width
weirs, the most significant length is the head, and for small
narrow weirs, both the head and the width are independently

significant. Hence the Reynold's Number may be given by

3/2
R = 2Vghh = €vg h/ (13)
o V
or R = QV-c.;h h (14)
/J
Similarly the weber Number, W, given by
W = )] V’f may be eypressed
sk
as W = rgl_'l h
Vsk
or W oh (1%)
s/p

Hence eqn (11) becomes

T
32‘/5 P» {16)

h

or C
d =
— Jg-ﬂ- = £ (h, Ry w)
Vg V3 W 1('5
or Cd = fi(‘g"’ R' W) (1'})
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(ii) The same procedure can be applied to the oblique weir

flow, thus:-

e =, (h,p,,u, S1p s 9 bs> (18)

£ 4
or q =  kn° pbf) cgd Qeg (bg) (19)

sk

where a,b,c,d,e,f,i,k are constants

R I TENC R
=) (2) () G
Equating the powers of My Ly T in eqn (20)
0 =c4+d g4 e (21)
2 =mas+b-—c=-3e4+f 41 (22)
1 «eC 4 2d & 2F (23)
e =~c=d
f =-Xc=-4d (24)
3 = 3/2-b=3/2¢c=2d=1i
et Tsx e k pb s s ’ [ by = (25) _
Ve ol C ('h ﬁ) (;‘i'"'g') U‘r) |
- B = f [hy Ry W, h (26)
G ne . (P 5’;)
If for the oblique weir, the discharge per unit width is given
by 3/2
. = Ce (27)
then C; = £, (%, Ry W, gs) (28)

where Cg = discharge coefficient for the oblique weir

(iii) computations

2/3 /3
1. wWeir sensitivity is computed from 2 [coss 1 s
Csk Qslc

3/2

2 Cax is computed from Qg = C,Dbs gy



(5)

(6)

(7

B ———

i_
S/NC. rzu H Q
' x1C ™ wil m}s loa(h) log(Q)] Cgy 6—
;___“_,__%_ H i R e e A---
{4, b 1,91 b 0,82 b =172 ) =3,00 { 2,04 } 1534 |
" " ' : '. : : !
- e —— e+ e v ee s s e .,:- - t
s B ‘2,19 1,00 b 54,06 } «3,00 f 2.02 v 14,60
' » . h h : : :
+ P s 45 ook i s : : :
3- ; 2-72 : 1.33 : ""1_.{17 =2.88 . 1-95 : 13.64 . '.
i ] .o R : : !
i i wassiocsis wmafassein Susab e . 3
4, | 3.00 1,60 | -1e52 | =2.80 | 2.02 12.51 i
S ST S B
- - i ~
O . ! 1e 2K - e "'u..'n'?']_ 1. bt 12.73
i i
- [ R (U SRS
. C-B\) F4y "'1.— -?.56 1-(-‘!5 11-13
a s o b e e e e e ———
7. 1-95 3--‘-"1-. b 51 3 f "2-‘;|) 1-91 100 32
[ RS S : .
Be 5.59 3063 -1e25 ~2.42 1.90 9.74
R—— e PP PR AR Sl R
gt |: -JL'\ ‘;. 3:\ - 1.\- "'"E. 37 1. 93 9.26
| . .4 3.08 e ~2.40 | 1.59 10.82
— — % --------- L B B -
]1. 7.?; ra}-e‘ "'.‘l- —2.25 '1.85 8-79
12. —451 :. 1 "":'o‘j? -2.18 1.77 8‘59

Toble

B1:

30cm,

Data for p = 15,24¢n; @ = 03 b & bg = 15. 2<cm;
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{1} (2) (3 {:5) {5} (6} {7)
S/NO, h 0 l
6? -_-3 '.i P " G
X1 m | kg0 /s tog(h) | logla) 1, Tk l
- _ ;
) _ ) ;
1- E 20 08 : 10 1? —~la o --2.92 1- 12 f 13- 32
n )
] L
2, T2.51 ) de0B —12G0 ~2.54 2.31 ©11.54
3. i 3.51 4 2425 el 2,55 2.08 ' 1069
e ! 4
e Y3, L 2430 —1 i -2.62 2,07 § 10.51
\ 5. 4,62 3,07 ~la B -2.51 1 1.96 10,03
6. 5.3 3,75 —1429 “2.43 1 2.04 9.13
7. 5,46 4,02 100 —2.40 2.00 9.04
8- 6o22 4-85 -"1121 ‘-2-31 1.98 8.55
9. 5.48 Sa 35 “"11 '1{:" * "“2-27 2005 8.06
10. 6.9 6.00 1.5 -2,22 2,07 7.78
’ 11. 7098 7-05 "1.1“" "“2.15 1.98 7.55
# 12, £.13 7220 = 1a 09 w2y 1id 1.28 Fa52
13 B.64 8445 —lo) ) =2,09 2.03 7.07
i
]
% .
14, 0.4 9,1 D U0 1,04 2.04 6.71

Toable 32 Data for p = 15.2%m; @ = 155 b = 15.24am;

bg = 15.80 cm; 1, = 20em
Y
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(1) {2) (3) (4) {5) (6) (7)

— —p—

8/NO. h

12.78

Y
.
;r -—— -k =
o
L]
(¥ 2]
=3
- cam—— -
o
L]
-3
W)
!
=
.
I
1
n
.
%Y
o
s = —
]
.
-
+

R A

G.O? -_-_.‘j.'}':" : _.3.06 . 2..‘;0 . 12-'-.1

e

11.08

2. 2‘1 9.85

T S o

~2450 2.18 9.88

-__*?l 3.24 el — 140 =2a05 2.18 9.65
7. 3.55 -'...5'1 ..._‘.';", -'d.';l:‘ 2. 1“: 9.‘1‘1

:‘—h. “l- 1.? 3.1/ I ‘-I.IL.....‘- "“:.‘5':' 2- 12 8.92

ST NESSRGN, B — i-

e e B S ————

9. 4,68 3,72 “1e23 w243 2.09 8.39

W 5.09 4e15 —-1e2D ~2.38 2.06 €.16

.-_.._.,.r ......... i -

09‘-\‘ 1.23 "-".3'1 -1a94 1.94 8-04

12, G400 5.90 =1e15 ~2020 1.97 7.48

13 592 '3.31 I P =2.20 1.57 T.31

14 7.431 (i e92 w e 13 -2e15 1.95 714

‘-( . 7I59 7- 2’: ""l. l(: "2. ‘1}; 1l% 7-01

N .
1., 9.33 0455 L~:..5 -2.02 1.89 6455
|

Table B3. Datg for p = 15.2%c: @ = 3073 b = 15.24cm;

bs = 17.16cm;3 L, = Hicine




6%

e R e —— —

1.52

o ——— e ——— —_—
' 1.63 ) e G
' 2,09 t 1432

!

{ 2,63 1:91
3,24 2056
3.45 2.95

__-‘- - - - -
3 3,60 3.13
1.01 T2
4.57 1.30

1.90 147

T — ,4.1
5.28 5.34
5.45 G2
)._f_'_.g «03

Ky s 3
He31 Te24
T< Data f le

) = 15.24cm; 1.00cCi1;

------

(7

o

u

a

=3.39 |2.26 ! 14,48

\ ]

: ) i
~3.07 12 P 11.97 .

11,09

7.1y
=J
....... e ——
e 1
1041(N)
¢
- RIS ¢
- I .
-2,05 |
L]
"
]
e
. "
e LS .
.
.
.
1 Toe "
wladl »
]
]
'
[ ----- - -
1.53 |
—le

.........

.........

8 -

— -

10.57

-2s72

9.16

B.42

7,80

7.68

..........

oooooo

7.08

6.81

$s59

Cedh

_2- 19

6.29

= J0cm

-

5.80

Sl
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..
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3,30

3,58

4.32

ljo. 4.37 4.50
11 %edb 4.608

12,

5.08

{5)

(N

P
i P
e e e v amm

3/:0. h Q
1) -3 3
X0 m g0 W s log (3s) log(Q) | Cgy )
i o W = oA A op ek w
]
, 1., 2.09 1.50 b =160 [e2.80 P17 8.81
|: d ' ¥ l h : !
v : ‘ - -E..-h., y . : -
: 2. 2,29 1 .82 boo1usd 1o2.74 0 1,72 ! 8,40 |
. ] . Y L] . L L]
: .- ; : : ; : :
; g A - e B A ; * .
' 3., 2441 ! 1.98 T omlelr2 Ya2.70 ) 1.74 ¢ 8.11 }
i ; I E ff ;
4 SRS e e e , s
4. 1 2.69 2.31 | ~1.57 -2,63 1.74 [ 7.67
_ ST e
5, 2.87 2.62 1450 -2.50 1.76 7.33
6. 2-95 ?066 ""1.'53 "2.58 1-76 7529

L

"‘2.51

1. 70

—2. ’17

.

1.64

-2.35

1.62

Gad1

13. 513 $5.03
14. 5.82 F 6.a87

Table ns,

b

pata for p

= 15.24cm;

bS = 30-

LI T S T S

"'2. 35

- -

1.62

6.47

~2433

1.62

6,38

-2-26

1.58

"2522

1n?0

5.68

-2, 17

1.60

5.67

-2.14

R T R )

<3em,

1.60

e 15-211(:]’{1; = GOO;

I

30cm.

0
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(1 (2) (3) {4 (5) (6) {7}
S/NO. h Q
g =3 3 6—
® X® m/s | log(h) | log(Q) | Csk

1. 1.00 '1.38 "2‘00 ""2!'86 2-36 0.61
2o 115 1465 wle 24 -2.78 2428 .59
3.. 1.29 1191 --1.|39 -2.72 2.20 0-57

l

i 4. 1.38 2.09 ~1e56 ~2.68 | 2.20 0.57
Sa 1.45 2.29 ~1leB% —2.6d 2424 C.58
6- 1"55 2.51 ""1.80 —2.60 2.16 0.56
7- 1.65 2.75 '-'1078 "2-56 2-20 0.57
8. 1.82 2»88 _‘1.74 "‘2.5‘1 2.01 0.52
S. 1.21 3.6 ~1,72 =250 2.05 0.53
100 2.04 3-47 ""1-59 "2.‘16 2-01 0-52
11. 2.19 3-80 _1'66 "2.42 2.01 0-52
12. 224 1,27 —leGo 2437 2.16 .56
13. 2434 44,08 ~1e53 ~2.33 2ol 0.57

o]
Table B6e. Data for p = 15.24dcm; & = 75

b = 15.24cm; bE = 58,50cm; Lh = 30 cm.
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(1) (2) (3) (1) (5) ) (7
siNo., h Q
o -
3 t - vl vt
x@Bm | x0” Ws | 10000 log(Q) | < S

1.- 1-95 0-03 r— “1.71 _3.0& 2.00 15.67

2a 2. 19 0.’-:5 _“-.J -'3-02 1-92 15039
: L S - i
' 3. : 2,57 1,17 P =l %293 1+ 195 i 14.31
: . ' :
] ! ) P
| 1o 2495 1457 | =1e53 -2.82 1,96 13.01

3
]

5a 3.59 200 ~1el5 -2.70 1.93 11.97

L. e a 2." 3 —..,-33 "‘2.‘:'8 1-70 11.89

7o Sa13 3.31 r e P -2.48 1.87 10,33

Be 575 3.‘)-’_. w—ledt ""2.40 1.89 9.65

s 6.31 ‘-1.79 —-L':I_‘:.’ -'2.32 1.95 8.50

10. Tes1 631 ~-1,713 -2 ¢ 20 2.05 784

11. 8,513 676 ~-1,07 -2e17 1.79 8,39
Table B7. Data for p = 20«32cmg © = O

H =
i =

bg = 15.24cm; Ly,

= 3'1?(2:‘:.
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(1} {2) (3) (1) (5) (6) {7)
S/Noa _2 -Q [
€ 10 sl louchy | log(@) {Cae &
1 1024 0.37 -291 ~3,43 {170 22.30
>, 1.86 0,83 173 -3,08 | 2.07 14..95
3. 2.54 b | ~1.60 ~2.94 | 1.78 14.87
E S

te | 2,85 1.53 ~1.55 -2.82 | 2.01 12.44
5. 3,30 1.88 1,4 -2.73 | 1.9% 11.69
64 3440 2.00 o —2,70 | 2.02 11.34
T 3.53 2,07 s | ~2.68 | 1,98 11.36
S 3.94 2432 - ~1e20 =2.63 1.87 11.36
5. 44,67 3.4 | 1033 | ~2.50 | 1.97 9.92
10. 5428 3.14 “'m"-hzs 2,46 1,90 9,86
1. 5,28 3.69 e | -2uas | 1493 9,53
2. | 5e69 001 | ~te24 —-2,40 | 1.87 9446
3. | 6.2 3476 4-—:. 20 | 2432 | 4.93 8475
4. 645 5,07 1010 ~2.29 | 1.95 8.51
15, 7.52 .23 | ~1.12 .21 | 1.08 8.03
16 Be13 G 87 ~1.09 =246 1.87 7.91

o

Table BB. ‘Data for p = 20.32(:“1; e = 150;

L = 15.24cm; b

s = 15.8dmn; L

}'I = 30Cﬂ'l-




(1}

(2)

kit

5/NO.

-2
210 m

T s A LRRY e
1- 1 0-8'1 0« 38 —2.09 "‘3.42 24: 96 14-22
i - L3 --i-- o M ol A |
2!! E 1.40 : 0&?5 : "1-85 —3.‘12 I 2157 12.46
! ’ b P 3
: : ; ? : %
I"""'"" II L - * - = e . L] 1‘ ; o
v 3. v1.50 ) 0.90 ) —1400 ) =3.05 0 2,52 : 11.88 |
: ' ' ' : i . ' ]
] ] . . ¥ ] _L ]
¥ T L) et B A il "'*‘ -~ _: '; .:
: A I 1.90 | 1.08 P =1e72 § =2.97 . 2.34 1174
! ' " 1 :
s — R AU
5. 2,29 1431 } —1.54 ~2.88 1 2.15 11.65
i
6. 1 2.75 1.57 ~1458 -2.78 { 2.08 10.99
7. 3.12 109? ""1-51 —2-?1 2002 10.60
80 3047 2. 29 —1-46 "’2.64 2001 10.53

(1)

N . g}

lo(j ()

(&)

n

log ()

Cle

Y 4.01 2,86 ~1.710 i ~2.54 2.02 9,35
e e om e w b ne wan e el

1G. 4.52 3.36 ~Le3 -2.47 1.92 0418
e - R LT Y |..._..

11. 1.93 3.75 ‘-1131 "'2!43 1- 95 0076

12. 5.50 ":11.45 *'"1.-26 "2035 1‘96 8-24

f ’ i .
IR I

13. 6448 Sel4d ~71s 19 ~2.26 1.87 796

. 6465 5.68 ~1,18 ~2+25 1.88 Twg1

15_. ?.34 Gv53 "‘1‘1—3 "'2019 1.87 ?049

-

-

Table B9,

b = 15»24!’:“1;

be =

17a00¢rm;

Data for p = 20.32am; @ = 30°;

Ly

= 30Cfﬂ--




(1) (2) (3) (1) () (6) (7)
=9 =3 3/
x10 x10” M/8 | log(h) | log(@) | csx Y
1. 1.02 0.53 -1.99 "3.28 2-38 12084
— 1 S A -
| 2. | 1.40 ) 0,83 ~1.85 | =3.08 12.32 ' 11.25 |
; . . ! y { {
:_ _:_ : - L : ) .
: ; : ———— caeds o an e b + T -r
! 3. b 2.49 * 1,79 =160 | =2.75 2.1 'I 9.28 ,
. " ] )
' ' i
1 j [ ------- e 1
] L T
-1. [ 2.88 2.3'1 -1-): -2.68 2.22 8-20
. Lo L S
5. 3.30 _! 2-‘” '-lt"'sa —2-59 1.99 8.53
6! 3.81 30 1( “’1.1.? —2.50 1.98 7-98
- PR P ——
7a 4.06 3.4 -1+ 39 -2 .46 4495 7.85
B. 4.07 3.47 =le A =246 1.95 7.84
9. 5.08 1.53‘5 "'"1..: 4 “'2.00 1.95 7.02
10“ 5070 C".;_)f ""1‘2 -2182 2.02 6-39
11. 6455 7.08 =110 ~2e15 1.95 6.18
12. 7.08 795 =115 =2.,10 1.95 5.95
Table 810. pata for p = 20.32cn3 @ = 45°;
b = 15424cm; bg = 21.60cm; L, = 30cme.

h



(1) (2) (3) (4) (5) (6) (7)
s/No. h 9
x 107 m x10 m3/s 1o Ch Q) —~
loa (h) log(Q) Csk 6
}. ‘1.83 1b(5 ""‘lqsd —2.78 2.06' 7.70
2 2.51 2:19 ~1,60 =2 .66 1.80 766
f I V3,00 2.81 ‘ —1452 —-2455 1.78 Ta11
i : ] '
. § L} 1 e
! e | 3.48 3.48 { =146 2,46 1.76 6467
‘ :
Se 3.586 1e03 T--‘l..—"l -2 439 1.74 6,40
6. 1-59 1.77 "'"[.35 -2.32 ‘1.64 6-29
PO (RSP0
?I 5--’:4 ._.'.19 -'.L.::."J ‘-2.21 1.60 5.66
Be 6.48 Ted3 —~1e1%9 -2e13 1.48 581
Se F‘-?O 55.1( —"1-17 —2.09 1.54 5.50
10- 7.32 5.5 _101‘1 —2l05 1-18 5.4?
.
Table B11, Data for p = 20.32cm; @ = 60%;
b = 15.24cm; bg 30418cm; L,, = 30cm.
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(1) (2} () (1) {9) (6) vy
S/NO. h o
-2 -3 3 _
x1C m €1 m/s Lo (i) log(al Cak 6
1- 1.05 1(-51 ""1,.98 ""2.82 2.40 4-62
2. 1. 15 '1-70 -1.9‘1 ""2.77 2‘36 4.49
3. 1-29 1-95 -1.89 -2.71 2.24 4.44
Fo b 1,36 2.719 w1 86 ~246G6 2.28 1.22
5. 1.51 2.51 ~1.82 | =2.60 | 2428 4,03
- n-r“‘-ﬁ‘m—-— .
6. 1.62 2.82 ""le 7<- _2055 2.32 3‘83
7 1.82 3.24 -la74 -2«19 2.24 3.75
8. 1.91 3.47 ~1.72 ~2.06 | 2.24 3.66
9. 2,09 3.80 ~1.638 ~2,42 | 2.13 3.67
'---..14-
_ N -
11« 2,40 4.68 "1,62 ~2.,33 2,713 3.43
S
Table 312, Data for p = 20432cm; 8 = 75%;
b = 150 24Cm; bs = 58.90(‘.‘m;

L‘n =

30Cma
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-3
noo= 3 x 10 m%s
: P = 10.16cm | P = 15.24cm P = 20.32cm
a ]
: * 4
, . e e et : { ; ,
; /NG o 8 ' h/p - V43 o I =) ' W/p *8/NC. ;8 !h/p E
i ' . \ [ ' : : :
- : R e s i e o
1, 0 t0k345 . 1.} O , G.23¢ & 1. ;O +0,176 |
'. : f. : : i | R R
=_ : e e e , ‘
' : l i
3. 30° 0.311 n 307 0200 3. 30° {0,156
, e e ST o
a5 0.284 . ¢ loa7 |oa. | as® Lolqe
D N SR | o
5. 60° 0.220 i Ge 500 0. 160 5. 60° | 0. 116
} ........ [ - vmeen
S. 75° 0.125 ‘ " 757 0.088 6. 7:° 1o.063

Table B13:

of hW/p used in plotting Pigure ¢7

A hiam - A

Tarle ghowing the calculated values



—— A -

3 = ‘.LEE' maé

Q
P = '10 - '16cm P = 1he24cm P = 20«32cm
e .
S/ N0 e /h/p S/ . e =| h/n s/NO. e h/p
1e 0 0.450 o 0 ] 0,307 ! 1. 0 0.232
J r
-' S S N !
2 { 15° ! ; 0 | : o
' - h ' 00427 2. 13 ' 00286 : . 2- 15 0- 225
: o i '
) : R
I o o
3. 30 0.404 3. 30 04262 3. 30° | 0,206
4, 45 0,366 o, 45° 0.233 4. 45° | 0,181
5, 600 0.290 5, 600 0.209 54 50° | 0,156
Gu ° - o
£ 73 0,163 G 75 0.115 Go 75° | 0. 086

rable Bl4s

Table chowing the calculated values
of h/i> used in plotting Figure C8




<10 3 :_.,.,. 's 0.5 + 10 1e5 2.0 2ed 3.0 P 4.0 de5 5.0

B(degrees) h_/hey he/Nsk ho/Msk ho/hsk ho/hgy ho/hgy ho/hsk | Po/Psk ho/hgy

0 _. 1.0 b 1,0 140 ) 1.0 1.0 m 1.0 1.0 1.0 1.0 ” 1.0
» [ ] " .
- w I . “ “ ; | -
15 b 1430 ) 1.18 N 1.12 1+11 1.0 i 1.07 v 1.07 | 1.07 1,08 ! 1,08
] . e '
° _ : ! ; : _
- ) T - 7 2 ) - ) 1 - o
e 24U 1. 30 ledl ..lw : u_.a..pw ! g P | \.ac 18 1. A.N 1. 16 le 15 .wldr_w
-
45 1.35 1:32 g 131 1.35 135 1.34 1. 36 136 1.33 1.33
==, .
6 .“.D H- .u...- ﬂ.. ¢ A. nH..an \Htmsr .H.Il “ t) H..-Prﬂ\ .H.uﬁ“ N-.‘uw .H.ﬁ..xw
75 3.02 274 2.81 2.79 2.08 2.58"° 2,55 2+61 2.65 2.05
Table B15§ 7Table showing the calculated values of he/Tisk used in plotting Figure C3
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height p

= 20,.32cm

Q
=3
x10 me

H.m nnipl. Mihn_ w!c Uim n.&lnu ..w-m - mlo
A h /h h /h h_/h h_/hg ho/ hsi ho/hgp h./Dsk h /he
) (degrees) Bijmv n./Ney N /Ogk Ha' sk o ‘'gk o 8 o k o/ D)
0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
B pag
15 1.25 e 1.05 1.06 1.06 1.06 1.04 1.03 1.03 1.02
30 137 1226 1.18 1e 16 1.17 1. 15 1. 13 1..12 1. 12 1.07
45 1«36 Ta37 1.34 137 1.37 1.33 125 1.28 1.28 Y2
F S
60 2.28 1 184 1.69 1.60 156 1«52 159 ; 1.47 1.45 1.41
| { “ '
“ m i " '
i ! 1 ! ; g ‘
| ! : : ! | | ! i “ .
' 75 ; 3.25 1 2.81 : 2.86 287 t 2«85 ! 2.82 ! 2.75 ! b | t 2.57 2.52 H
11 . ' . ] f
' . \ g \ ] . " .
i i : I _ ! _ _ ! _
T 3 .u T 1 A the calculate values ,u...., ‘__...m,..n used in WHH;HNPN.HQ m;u,.m..ﬂ..ﬂ.m ‘...]L\hﬁ_n
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m-?,.?f: : ! /
1/
1 //// i
V< i
i

3 -

- 5 6 7 8
h(x16

m)

o
W
)

2

Figure C1; plot of discharge Q versus head h for weir
height p = 15.24cm for various weir inclinations.
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0 | R S SN I E—

' - 3n ( xiﬂ_ﬁm)‘ 5 ¢ 7 8

Figure C2: ,Plot of discharge Q versus head h for weir
height p = 20.32cm for various weir inclinations.
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height p = 15.24cm for various
weir inclinations. )

Log(h)
-2,40  =2.00  ~1.60 -1.20  =0.80  =0.40 5
| —=0.80
°o o
- o &, &/¢, |
,g) n? Q).h d '-1-20
¢/ 9 "/ /
N
__1-1.60
./
| Y/ -2
" Log(Q)
———— "2.80
| — 1 =3.40
Figure C3s Plot of Log Q versus Log h at welr
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Loa(h)
-2.40 =2.00 =160 =1,20 =080 =040 0
T T T T ]
o
v‘?’fogo"@/
8,8/%/Y/ ]
S/ &/

I

Figure C4; Plot of Log Q versus Log h at weir

height p = 20.32cm for various weié

inclinations,

~0440

~0.80

| ~1.20

. =1.60

| =2.00

Log(Q)

| =2480

-3.20

=3.40



1 2 3 4 5 6 ’

Figure C5: Plot of sensitivity versus discharge Q for weir height

P = 1%.24cm at various angles of inclinations,



16

14

12

10

33

p 2 3 4 5 6 7
alx10™> n/, s) g
Figure (C6s Plot of sensitivity - versus discharge

Q for weir heighf p = 20.32cm at various
angles of inclinations.
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0.40

0.30

ol

0.20

0,10

8(degrees)

Figure C7: Ploi of the ratio h/p versus weir
inclination & at a_discharge of

& & 153 ﬁ}s
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0.5 ™~

0.40 —— ——p - - e ————

0.30 i§='-:‘“~h

0.20

0.10 |

—

) 10 20 - 30 40 50 60 70
C({degrees)
s welr inclination @

Figure C8: Flot of the ratio h/p versus

-3 3
at a discharge of 3 x 10 ~ m /se



3,00 [

2.80

8

2.490

N

220

SO — = N

1.20

e e e _]...-._.._._.,___.___.

[, [—

I— _ﬂ i ————

260"

P

_//'-_ e =
- o — 4

_”'K:'_" o ESST N 300
=

. k"}———f—--~—1}-’""""—'“‘
n N R

#us5”

e
8=15°

Q=0

2 3

4 5

Qlx10"m°/4)

height p = 15.24am at various ang

s of inclination.

Figure CS: Flot of the ratio ho;hsk versus discharge Q for yeip
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3,00

2,80 \

\1. .&“‘?s‘° p
~

2:50

2,00°
h /h

1.80

1.20

i P ‘G.isﬂ‘ a0
1,00 f Hﬂl

0 1.0 2.0 2.0 4.0 5.0 6.0 750
atx10-3ns)

Figure C10: p»lot of the ratio ho/h g versus discharge Q for
P &

weir heicht p = 20.32cm at various angles of inclinations



