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ABSTRACT

This disoertation is an oxploratory study of
the offect of on cxzternclly inposed rotntion on tho
discharge charactvceristico of broad-ercsted welro. The
study was taken up with the intention of verifying the
vremie that sapply of additionnl momontum near the crest
of a welr should result in a higher dischnrge coefficient,
thus enabling desirm of welrs with a lower afflux. A semi-
theoretical study has been made for froe overfall suppressed
velrs having vertical facee with a rotating cylinder at top

¢
corner.

A theorotical relation wés first obtained for
discharge over broad~crested welr with rotating eylinder
by assuming suitable velocity distribution law for the—
imposed rotational flow. However, this equation showed
systemetic departure from experimental observations. As
such an approach based on dimensional analysis was adopted
to obtain a dischorge relationship for such weirs. The
reosulis chow that thore ic substantial increase in discharpe-~
by as rmuch as 30 por cent due to rotation at hirh opoeds

and low heads. .



LIST OF SYIMOLS

All ¢he symbols are explained in the text where they
anpear firot. The following 1ist is arranged in the alphabatical

ordcer

‘IORATION

B
C

I

PARTICULARS DIIISIOCIS
t74dth of tho weir, flume L

Coefficient of Discharge uged in
equation Q = K,'KECBVE n3/2
Coefficicent of Discharge used in
equation Q = 6113‘!'5' ha/ 2,
Acceleration due to gravity L/T2
head over the broad-crested weir 1
Coefficient in discharge equation(4.1)
Correction for viscosity and surface

tension used in Bq,(4.2)

Correction for curvature of flow over
weir used in BEq,(4.2)
Length of welr(in the direction of flow) 1

Speed of rotation in Roevolutions ner 1/T
minute.

exponent uscd in Eq.{4.1)

Discharge over weir L3/‘1’
Discharge ner unit width of weir with szi‘
rotation

Discharro ner unit windth of weir with 1.2/‘1'

no-rotation



IOTATION PARTICULARS

Reynold's nunber ( 31/ 2h3/ 2/»))

radius of cyiindrical roller
velocity of approach

velocity due to rotation

height of weir ,

Weber number (¢g h2/a-)

Distance fron down-strecanm end of welr
vertical diptance of any point f:éom the
centre of the roller,

Anrular veloclty

Kinematic viccosity of fluid

Surface tension of fluid

lan density of fluid

DIIELSIONS |

- L/T
L/T

1/T

/22
r-:r/x.3
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CHAPTER I
INTDQ2IRODUCZTION

1.1 PROLIINANY RUTARKS:

Veirs or Barrages are oonsf?ucted across rivers,
50 ag to raise normal water level and diveﬁt the required
amount of wator into canal. Invariably in cll hecad works

broad-crested weirs are being used.,

As a reoult of putting obstruction across a river
in the form of weir, the maxirmum flood level of the river
upstream of welr xises. This rise in level is knowvn as
afflux. The length of water way, corresponding discharge
per metre and afflux are inter-related. By providing higher
afflux, the length of weir can bde reduced, but the total
height of structure and submergence of land upstream will
also increage considerably. Hence the cost of weir and
training worko io likely to increase Gue to increcased head
of water. Henco afflux plays an irmportant role and the
parameters are generally finalised after considoration of
nany practical aépects such as effect of back water on
exioting structures, cost of structure, submergence of

l1end ote,

1.2 DISCIARGY EQUATION OYF DROAD-CROUSTED UEIRS:

Consider o broad-crested weir with vertical sides
and horizontal crest of heisght VW, width B and longth L,



in a rectancular channel of width B. Acsuming critical
flow o0 occur on the crest, the discha:ge Q over a

broad-crosted welr 18 exnressed in the form
Qac1BV'§'h3/2_ (1.1)

vhere c1 = Coofficiomt of discharge,
h = head over the weir

and ¢ = rravitational acceleration

Prom the above cquation, it is apperent that with 1ncrease
in volue of 01, the head over the wéir *ht will decrease and
thus there will be a considerable refuction in the upstream

subnersence.

The reduction in 01 from the theoretical value
may be attributed to the deceleration of the floﬁ near the
wvall due to boundary friction(4) as well as seperation of
the flow at the upstrean cornmer. The geperation of the flow
is avoided by rounding off the corner and this is Xmown(1)
to improve the discharge coefficient appreciadbly. It otands
to reason that 1f additional pomentum is supplied to the
fluid near the wall, the value of 01 ghould approach or
even exceed the theoretical wvalue. This would obviously

lead to lowerings of water level in the pool,

1.3 EFFECT OF EXTCRNALLY IITOSED ROTATI O

1f o eylindrical roller is placed in the upstrean

corner of the weir for tho ontire width of the woir as shown



in Pir.(4.1) ond 1o rotated mechanically, it would
accclorate the flow near the crest. Hence it is cxpected
that &% w231 Inerccoe the valuc of the coefficicnt C,.

0f couwse it will zequire sufficient povoer forvrotating
the cylinder ond ono has to examine the cost of powver
vic-c=vioc the cdvontages in an improved welr coefficient.
I{ noy, however, be pointed out that the operation of
cylindoer may be required only during nongsoon, when hydro-
clectric nower generation 1s sudbstantial and the demand
of power for irrigcation is small. Hence theoretically the
surplus povor can be made use of for operating the cyline-
drical roller. It only needs to be examined whether the
impoecd rotation results in a considerable increase in
the weir coofficient to make the devico feasible.

1.4 SCO”E OF STUDY

o information is available at present regarding
the cffect of cxternally imposed rotation on the discharge
coeflicient of a broad-crested weir. Ac such an cttempt has
been made in this investigation to provide infoxmation
concorning the effect of placing a rotating cylinder at the
upstrecan corner of the crest, on ito performance. The study
is baoicélly of an exploratory nature, the main objective
being to £ind out the order of marmitude of the increase
in cocfficiont and 1ts rolation to the speod. A theorctical

analysis of the prodblem was carried out and the results



subjected to checlk using experimental data. The following
limitations were imposcd on the study.

(a) Only tho cylindero with r = 1.88cm and 3.00cn
wore uoed.

(v) Ranre of speeds tosted wore from 1000 to 400CRF:".

(c) Exporimonts were done for one heirht of the weir
il.c. 31.0cnms, ,

(a) Expoerinents were conducted for range of h/L
from 0.1565 to 1.0175. ‘



CHAPTER-IX
TIEORETICAL ATIALYSIS

2.1 DASIS OF AUALYSIS OF TFLO. UIW! ROTATIO]

The velocity field over the weir may be conceived
as o combination of velocity of approach and velocity due
t6 roller rotation. Velocity of approach is assumed to be
econgtant and the velocity due $o potation to be decreasing
gradually from the crest towards the water surface (see
Tip. 2.1). The velocity of approach above the crest level
of the weir my, in reality, be expected to be larger than
Uy dofined as Q/B(h+?). Hevertheless Uy 15 used in this
analysls sincc ultimately an experimentally determined
coefficient 15, in any éése, fo be introduced.

It ic further assumed thoet the velocity distri-
bution due to rotation is inversely proportional to yn,
vhere y is the distance from the centre of the yroller and
n is an‘gnponent with a value less than or equal to 1.0.
Aposuming no slin atl the surface of the cylindor, one may
write

ur =@y aty =17
and u, = 0 at y e« «
vhere u, = velocity due to rotation.

The couation

u =w r(r/&)n con (2.1)

patiofies theoe boundry conditions.



As will be shovm subsequently, exverimental
dota indicated & value of n = 0.2. Hevorthelesa the
theorctical anclycic hos been carried out for n = 0.2
and n = 1.0, since the latter represents the velocity
digtribution in irrotational flovw.

2.2 DERIVATION OF DISCFHARGE LOUATI Oi7

The discharge cquation will be difforent with
the different voloclty distributions assumed. So the
discharge equations aro discussed below separately for
each velocity distribution.

2.2.1 Yith Velocity Distribution w =« r(r/y)
If g% is the discharge per wnit width of the

veir, then

+ X
{Eo“‘ u.r) dy vee (202)

h
q* = J
' T
qﬂ
hetl

where Ug = and u, =« »(x/v)

Here the draw dovm vwhioch occurs over the weir crest has
been neglected and its effeot can be taken care of by an
enpirical cocfficient later.

. h+y h+y
e . q?=f UVay +Jwr.E,ay
r ° r y

q.‘:' h+r
o | ——, ¥y +wr21030y
he!f -
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q* D
= ——h + r°[Yog (her) - log r
hel/ E ¢ Ce 3
q*h 4 . hep
O Q¥ o =—— o w reloge‘(—--—)
h+W7 r
h+%¥ > h+r
q* = (~— ) xr 1056("‘"“)
7 ' r

In dimensionless form this can bo vuritton as

1 - h)‘ 2””1/2(”'>3/21 (v =) (2.3)
mor——— & o ] o . e - - PR .
Ven> 0 Vg h et &

2.2.2 Yith Velocity Distribution u . = r(r/y)"

h+y
Discharge intensity g#* = [
r (Ugt u) ay

h+r © hr >y
= J U‘ﬁy*—fmr(-» oL, dy
T T vy

h+y h+r 7+
= U .@dy+J w» . %Em—,  ay
r o b

yn

1-rn h+r ‘ :
Q¥ o -I-Wrn” a q*h +% ;n'ﬂ (h+ )1-—1'1 g B &
" hevt 14-n r o

q*h 2nll n+1 _
o= - i [(h.ﬂ:’)1 n_r‘l-r:I
h+¥  6O(1-n)

. q*- g*h  oal
or - = , rvz. 241 [(Inr)“"n- r1"n]
(th + ) GO




In dinensionless form this can be vritten as

1/2
q® h 25 Ir r 3/2[ her_._
VghB v 60 Ve h T ,

Putting n = 0.2, the experimentally obtained value, the

above equation reduces to

1/2
q# h 2n v r h+r 0.8
e S (o ) e e (- )5/2 (=) «= 1.0| cne (2.5)
V ghS 144 60 ¥V ¢ h r .

Dased on cquations (2.3) and (2.5) a plot has been
0 . /2
made 0f w——se——e- (vs) h/r for different values of I 3

Yeh3 (1) Vg -

vide Pig.(2.2). From thio plot 1t in scen that the imposed

velocity distribution has a strong influence on the discharge
equation. However, the linesg corresponding to n = 0.2 may be
expected to be closer to the real situation, since this n

value is based on experimental data., It may also be mentioned
that BEqo(2.3) and (2.4) have the limitation that thoy do not
reduce to the conventional weir equation when Il = 03 as ocuch

they are not suited for use in the limiting case.

> In vicw of various asssumpiions made in the derivae-
tion of equation (2.4), one may expect that thc actual
discharre will be different from the theoretical dischorge
civen by E0.(2.4). As such tho actual discharpe may be written
as K ¢imeo the theoretical discharge, tho K valuc being
determinable ffcm prerimental data.



CHAPTZR III
EXPRLIIITAL SET-UP AUD PROCEDURD

3.1 PRELII IITARY REMARKS

All the experiments were conducted in the
Hydraulic laboratory of Civil Engineering Department,
University of Roorkee. The experimonts were carried out
for two sizes of rollors with three different sizes of
weirs. In all the cases, the wldth of the weir was kept
gsame ag¢ that of the width of channel, i.c. only suppressed
welrs were tested. The height of the weir (V) was kept
constant and cqual to0 31 em In all the experiments.

3.2 TEST BQUIPIENT

The coxperiments were conducted in a fixed bed
flume constructed in brick masonry and plastered with
cement ["'ortar. Fig(3.1) shows the schematic diagram of the
experimental sctup.

The flume was 1.0 metre wide, 25.4m long and
0.5m deep. The width of the flume was reduced to 0.415n
in order to get higch heads and high discharge intensity
and to enable the fixing of ¢ylinder easily in the masonry
wall. Steel rails were provided on the top of side walls
of flume, to cnable the movement of trolley, on which the
nointer gauce vas mounted. The rails wore levelled to be

absolutely horizontal.



Uater was supplied to the flume from an. overhecd
‘tank and@ under constant head. The over head tank was fed
by o 45 H.P. pump, Zrom a wator sump. The discharce in thoe
flume was regulated with the help of a valve. For measure-~
ment of dischargé a sharp-crestod welr set in the channel

dovmetrean of the dbread-crested welr was made usc of.

The test weilr was constructed of brick nmasonry
and finished with cement plaster to the required profile.
Since weirs with vertical faces only worce tested, voentila-
tion holes were provided in all the welrs to aerate the
nappe. The c¢ylinder of the required dia was provided to
the full width of flume at the upstream top cormer of the
weir, such that the roller wvas flush with weir faces both
vertically'ana horizontally. The two ends of the cylinder
were housed in Bearings, which wvere well lubricated and
the bearings were fixed properly in the brick-masonry walls,
At one enﬂ of the roller a pulley was mounted and driven by
motor. The motor wao provided with variable resister to
enable spced adjustments. The photographs of various equipment

uged are exhibited separately in this report (vide Fir 3.2).

The detaile of the weirs tested in this otudy
arae lioted in Table 3.1. '



TABLE 3.1
DETATILS OF UEZIRS TESTLD

S.llo, Uidth Height Tencth Radius of Remarko
in cn. in cnm. in em. Roller in cn,
(B) n (L) (r)
1 41.5 31.0 16.0 - 1.88 For each discharge
2 41.5 31.0 31.0 1.88 four spceds of
3 41,5 31.0 45.0 1.88 roller eg, 1000,
4 41.5 31.0 31.0 3.00 2000, 3000, 40000 T
5 41.5 31.0 45,0 3.00 vere uced.

3.3 CALIBRATION OF SHARP-CRESTED V/ZIR.

The sharp-crested welr located dovmstream of the
test set-up, was first calibrated for the entire range of
discharges to be used in the study. This was done by
volunetric measurements dby letting knowm quantity of water
over the sharp-crested weir for a known period of time and
measuring the correspondins head over S.C. weir. For this
an over head tenk of sige 9.92m x 4.78m was made use of. The
calivration curve of tho sharp-crested weir was plotted and
i8 shovm as Fiz.(3.3).

3.4 EXPERILIITAL PROCEDURE

A welr of the required geometry was constructed
in the flume. “Jater was allowed to flow ovor the weir. Thoe

head over the wolr with no rotation wao varied from 6.48cm
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to 17.62 em. The discharsge over the weir under each head
wvags reagured with the help of the sharn—-crested weir.
Keeping the dischorge over the weir conctant, meacurcmonts
vere taken for no roller rotation as well as with four

different roller rotations of 1000, 2000, 3000 and 4C00R,P.I.

For each weir, the above procedure was repéated
for six discharges. Following measurements were taken

during the present investigation.

(a) Head over the weir

(1) Vater surface profiles on the crest and
upotrean of weir (For three weirs)

{c) Velocity distribution at a fow cross-scctions

on the crest (For three weirs).

For measurement of heand and water surface profiles
over the welr, precision pointer pauge was used. For measure-
ment of velocity distribution pitot tube with inclined manometer
was used. The meaourements were taken at suitable close

intervals.

The data collected during the study arc tabulated
in Appendix I.



CHAPTER IV

AUALYSIS O DATA

4.% PRELIIITARY REITARES

The data collected during the present investi-
gation are analysed in this Chapter. A comparison of the
experimental results with the theory presented in chapter III
ie first discusscd. Thio is followed by the development of

a discharce equation based on dimensional considerations.

4.2 ITYPICAL WATER SURFACE PROTILES

During the present investigation water surface
profiles were measured for different discharges over three
sizes of weirs having a roller of radius 1,83cm. Typical
water surfacc profiles for the three welrs are shovm in
Firs 4.1A to 4.1C, From the above plots, it can be seen
that the water surface is generally lower at high speeds
and the head over the weir decreases with increasc in opeed

of the roller for the same discharge.

4,3 TYPICAL VELOCITY DISIRIBUTION PROFILES

In cacce of the three welrs having 4 roller of
radiuo 1.88cm, the veloeity over the crest of the weir
was meagured for no rotatlon as well as for the roller
rotating at opcedg of 2000 and 4000RYI!, Rypical velocity
profiles at the centre of length of crest (r = 8.0cn) wore



plotted vide Fis(4.2). From the nbove graph it con be
scen that tho velocity near weilr croot increcases with
increasc of specd of roller, increacing the over ail
velocity as compared to that without any roller rotation.
Note that such a velocity distribution had been assumed
in Chapter III.

Further in the theoretical analysis, two
different velocity distributions are agscumed. To determine
the value of 'n' in equation (2.4), a plot of (u— Upg)/ e
arainst r/y on lor-log paver has been mades vide Fig(4.3).
As seen from this plot, the value of 'n' is approximately
equal to 0.2. Although there were variations from this
value in some runs, a value of n = 0.2 in Eq.(2.4)

appeared reasonable to assume,

4.4 ~ COFPARISOI BETUEEN THIORY AND EXPERIFENTS

In Chapter II, two different diescharge egquations
bagsed on different velocity distributlions were derived.
They are

1.1/2
q* h 2n Nr r h
— = (14 =) —. ( =)3/2 205, (14 = )5 wuv (2.3)

1 /"'g % ¥ 60 Vg h ' r

Y e Z !/ &P B )1"’ 1 o:[ (2.4)
tammd—— * e ———— .'. —— - PP -
r/"‘—g h‘? 7 60 V¢ h
;

Since a valuc of n = 0.2 appeared to be reasonable,
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comparicon with cxperimental data is made using BEq(2.4)
only. Accordinrly the actunl discharpe 18 written ao

q* n_ 2:1:V2 » 370 0.8
ez K (14"" ) T —— ( - ) ](1‘0‘}1/1') “'1@0% a-t(4l1)
“ho U 60 Ve h

In the derivation of Bq.(2.4), the effect of
curvature of flow over the crest-of which the paramcter
h/L is an index~has not been considered. As such one may
exnect K to be a function h/L. The value of X for all the
runs were computcd using Eg.{4.1) and these are plotted
arainst h/L in Fig(4.4). The values of X are invariably
less than unity and X secenms to show a systematic variation
with h/L and %gléz' Since the effect of rotation was supposed
to be fully taken care of 4in the derivation of Bq,(z.z:){ it
is surprising to note that X is a function of‘ggiéa. It is
felt that this indicates andadditional limitatign of the
theory, apart from the one mentioned earlier that Eq(4.1)
does not reduce to the conventional B.C. weir formula when

H = 0., As such an approach based on dimensional analysis

is npresented for discharge nrediction.

4.5 DISCHARG: RULATION FOR FREE FLOY OVER A BROAD-
GRESTZD "LIIR.

As per Raju and Asawa(3) the discharge over a

broad-crested weir with sharp upstream corner can be obtained
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Zrom the equation

3/2

in which 'h' is the head measurcd over the weir
K1 is the correction for viscus and surface
tension offects
122 is the correction for the effect of curvaturc

of fiow over the weir, i.e.

1
K2 2 f2<h/L) | ,
1/2.3/2 g h
in which R =ﬂ-—-3-§-—-— andw,' mf——‘—-— s and C 1s the
o

discharge coefficient and is a function of po-. The varia-
tions of C with i and K, with R*%0;® are shown in Firs(4.5)
and (4.6) reospectively. Raju and Asawa(3) gave the variation
of Kz with h/L for a weir with shé.rp upstrean corner. Obviously
the variation of X, with h/L would be different for a weir
with a yroller at the U/s corner. The experimental data with

no rotation wore used to estzblishthe variation of K, with

h/L for such weirs. Values of'lia were calculated for these data
using EBq.(4.2) and Fipgs(4.5) and (4.6). These values of K,

are plotted crainot W/L in Pig.(4.7). Cenerally opeaking

one would exwecet o unique relation dbetreen K2 with h/L for

all rounded corner weirs provided seneration is avoided. But

it is found that the data points for the weir with roller of



r = 3.,0em are below than the data points for tThe wolir

with roller r = 1.88cm. The difference is duo to the faet
that there was a vide gay below the roller on the upstroan
vortical face, in the weir with roller r = 3,0cm due to some
practical difficulties in consiruction. A sketch showing

the differencec in weir pgeometry is shown in Fig(4.7). The
difference in the peometry etplains the difference in the
trend of points for the two sets of data. For further analysis
two separate mean lince were dravn onp for r = 1.88¢m and
one for r = 3.0cn. The line for sharp cowered weirs(3) io
also shown for comparison. The change in K2 due to provision
of roller is not eignificant;

4.6  APFROACH DAS:D ON DIMSHSIONAL ANALYSIS.

Let g¥ bo the discharge over the weir at @ head h
and a rotational spead = II. g, = Discharge with no rotation

at the same head. One can then urite
q* = f((;!.caha ey 1Ty r) soe (4.3)

4.6.1 Dimensionol Anelysiso
Applying Buockinghom's theorem, BDg(4.3) can be

vritten as
f'(qﬁ', qoohvﬁ'nor) = Q

Since thooe gix variobloo conciots only two fundenenial
dAimonsional unito i.e. I and ?, thoy may be grouped into



no
no

4 ainmonsionless 1 texmn:

¢(1z1,n2,n3,ﬁ4) = O

Choooing I and r oo non-repeating variables one pgeto

. q¥ q, ITr1/ 2 h
SR ‘9(@ ' 'z )
q® n /2
or ;;- = £( ; == “oe (4.4)
Tho 'pa;.rameter ;3% has no signiﬂcance and has becn dropped.

Por calculating the discharge with no rotation PR |
Eq(4.2) vas used. The values of Ky and C were taken from
Five(4.5) and {(4.6) resueotively. The wvalue of K, was read
from TFig(4.7) for %the corresponding roller radius. The
discharge with rotation q¥ was the mcasured one. A plot
based on the Eq.(4.4) wao made and is showm in Pir.(4.8).
This plot was made for all the welrs studied with two |
difforent diametcers of rollers for difforent valucs of

1/2 w1/ 2
parameter %;_'9-_:{- Lineco of constant -Ilrf—-{— havo been dravm
e

on %this fiégﬁre. It is socn firstly ¢that for a periicular
value of %{;’2 y the incroasc in diccharge is hicher at low
n/r or at 16w heads. Also for the same head, inerease in
gﬁ-_?—@ (or II) incrcasos the dischorpe. It ie ¢o be noted that

an inercase in diocharge of on wuch os 30 por comt io obtoincd

at high specdo ond low heads,.
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Onoc con thus use BEq(4.2) along with Fips (4.5),
(4.6), (4.7) cnd (4.8) %o £ind tho diceharpe over o woir

with o rotoatingz cylinder ot its upotream cormer,

4.7  COJCLUDINC RETARKS

It was the purpose of this cxploratory sotudy
to £ind out waether a rotating cylinder placed at the
upsirean corner of a welir improves the discharpe capocity
of weir. The results presented in this chapter showv conclu-
sively that cuch is the case. It has also been shown that
sifnificant inorease in discharge occurs at low h/r values

and high speeds.
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CIHAPITIR V
COCLUSIONS ATD SUCCESIOIS FOR FURTIER STUDY

5.1 COICLUSIQIIS

The thesis is concerned with a semi-theoretical
study of the discharge characteristics of a broad-crested
welr with a rotating cylinder at its upstream tov corner.

As a result of the study the following conclusions are made.

(1) An equation for the discharge over a welr with a
rotating cylindexr has been derived theoretically;
however, the agrecment of exverimental data with
the theory is not aatisfactory.

(2) The additional veloeity due to rotation varies
approximately to the 1/5 th vower of the vertical

distance from the c¢rest,

(3) . The ratio of discharge under rotation to that
#nder no-rotation at the same head ic a function
of h/r and %ﬁ;ég.

(4) The increase in discharge duc to rotation is

substantial at low heads and hich speeds.

5.2 SUGGESTIONS FOR FUTURE STUDY

The following sucgestions are made for further
study ¢
(1) An improvement in the theoratical analysis taking
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CONCLUSIONS ATD SUGCESIOIS FOR FURTIER SIUDY

5.1 CONCLUSIONS

The thesis is concerned with a semi-theoretical
study of the discharge characteristics of a broad-crested
weir with a rotating cylinder at its upstream ton corner.

As a result of the study the following conclusions are made.

(1) An equation for the discharre over a weir with a
rotating cylinder hac been derived theoretically;
however, the agreoment of exverimental data with
the theory is not satisfactory.

(2) The additional velocity due to rotation varies
approximately to the 1/5 th power of the vertical

distance from thec crest.

(3) The ratio of discharge under rotation to that
under no-rotation at the same head is a function
upl/2
of h/r and T
(4) The increase in discharge due to rotation is

substantial at low heads and high speeds.

5,2 SUGGESTIONS FOR FUTURE STUDY

The following surcestions are made for further

study 3
(1) An improvement in the theoratical analysis taking



care to ensure that the derived oquation
reduces to the conventional broad-crested
weir equation at I = 0.
(2) Study with difforent heipghts of weirs and
siges of rollers to widen the ranre of parameters.

(3) Study of powver required for rotation of cylinder.

L & BPS
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APVENDIX-T

DABLD 1 s SUISMARY OF DATA

s.llo. VALUE OF h in cm.

>0 1000 2000 3000 4000

o 4 5 6 7 8

VEIR 1 : L = 160cm; r = 1.88em
1 3.07 0.0108 6.68 6.55 6.31 6.06 5.70
2 3.80 0.0150 8.12 7.98 7.82 7.58 7.29
3 5.60 0.0248 11.10 40.99 10,89 10.68  10.55
4 6.0 0.0277 12.06 11.94 11.81 11.70  11.48
5 7.29 0,0356 14,20 13.96 13.84 13.72  13.60
6 B.72 0.0460 16.50 16,28 16.16 15.05  14.99

' VEIR 2 & L=31.0cmir=1.88cm
8.60 0.0458 17.62 17.00 16,88 16.79  16.68
7.12  0.0350 -  14.70 14.40 14.30 14,90  13.70
6.23 0.0290 12,96 12.65 12.50 12.14  11.60
10 5.40 0.02335 11.28 10.91 10.65 10.11 9.78
11 4.38  0.0178 9.35 9.15 8.83 8.60 B.12
12 2.87  0.0097 6.48  6.15 5.79 5.33 4.85
VIR 3 2 L = 45.0cm: r=1.88cn

13 2.89 0.0097 6.67 6.47 6.15 5.68 5.42
14 4.09 0.0160 8.99 8.78 8.60 8.31 - T.96
15 4.91 0.02075  10.51 10.26 10.02 9.79 9.44
16 5 .87 0.0268 12.48 12.15 12.02 11.89 11.42
17 6.76 0.0314 14.10 13.68 13.50 13.28 15,02

18 8.15 0.,0413 16,95 16.40 16,28 16.14 15.95




N
0

PADLE 1 (coneDd.)

’ 2 3 4 5 6 7 8
Veir 4 : L=31.0cmi x=3.0cm
19 2.87 0.0097 6.90 6.48  6.14 5.78 5.28
20 3,95 0.0151 8.82  8.56  8.21 7.76 17.58
21 5.07 0.0204 10.42 10.15  9.82 ' 9.52 9.27
22 5.57 0.0246 12.07 11.80  11.48 11.17 11.00
23 7.30  0.0356 15.22 14.97  14.74 14.42 14.20
24 7.90 0.0400 16.16 15.80  15.56 15.14 15.06
Velr 5 3 L=45.0cm; r=3.0cm
25 3.85 0.01428 B8.74  8.46  7.92 7.42 T.10
26 4.97 0.0210 10.92 10.72  10.38  9.74 9.42
27 6.13  0.0279 12.68 12.52 12,31 11.74 11.55
. 23 6.50 0.0305 13.64 13.43  13.12 12.64 12,57
29 7.20  0.0352 15.94 14.89  14.60 14.20 13.85
30 777 0.0385 16.62 16.33 16,02 15.69 15.42
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FIG. 2.2 _RELATION BETWEEN d'//gh3 (1+h/W) AND nh/r AS
PER Egs. (2.3) AND (2.5)
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F16.3.2.3_VIEW OF THE WEIR WITH CYLINDER AND
POINTER - GAUGE '

FIG 3.2.4 _VIEW OF THE MOTOR AND
PITOT-TUBE
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FIG.3.3_CALIBRATION CURVE OF SHARP-CRESTED WEIR
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FIG.48_VARIATION OF ¢*/qq WITH h/r FOR BROAD-CRESTED
WIER WITH ROLLER



	WRDM108841.pdf
	Title
	Abstract
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	References
	Appendix




