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ABSTRACT 

This disflertation is an exploratory study of 
the offcct of  o n eternally aposed rotation on tho 
discharge characteristics of broad-created tr ira. The 
study was taken up iith the intention of verifying tho 
premie that supply of additional momentum near the crest 
of a trefr should result in a hiCher discharge coefficient,. 
thus enabling design of weirs with a lower affiux • A semi-
theoretical study has been made for free overfall suppressed 
weirs having vertical faces with a rotating cylinder at top 

4 

corner. 

A theorotical relation was first obtained for 
discharge over broad-created weir with rotating cylinder 
by assuming suitable velocity distribution-  1-aw for the-
imposed rotational flow. However, this equation showed 
syotemetic departure from experimental observations. As 
such an approach based on dimensional analysis was adopted 
to obtain a discharge relationship for such weirs. The 
roaulto show that thoro is substantial increase In discharge--
by as much as 30 nor cent due to rotation at high speeds 
and low heads. 
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IIsy OP SY:lOLS 

All the symbols are explained in the text where, they 
appear first. The foflowing list is arranged in the aiphabatical 
ord or 
3.70!2ATIOD PARTICULARS 	 DIM SIOUS 

B 	Width of the weir, flume 	 L 
C 	Coefficient of Discharge used in 

equation Q = K I K2CB' h3/ 2  
C I 	Coefficient of Discharge ge used in 

equation Q - 451B1Jh3/ `. 
Acceleration duo to gravity 

h 	head over the broad-created weir 
K 	Coefficient in discharge equation(4.1) 
I 	Correction for viscosity and surface 

t lion usod. _3n Eq.(4.2) 
K 2 	Correction for curvature of flow aver 

jreir used in Eq.(4.2) 
L 	Length of woir(in the direction of flow) 
II 	Speed of rotation in Revolutions per 

minute. 
n 	exponent used in Eq . (4.1) 
Q 	Discharge over ieir 
q' 	Discharge per unit width of weir with 

rotation 
qo 	Discharge 7)er unit trindth of weir with 

no-rotation 

L2/T  

L2/x 



TTOTAPXOTT 	 PARTICULARS 	 DIT: i .. SIOrTS 

R 	Reynold's number (g1/2h3/2/4) 
r radiva of cylindrical roller L 
t10 velocity. of approach D 
ur velocity due to rotation LIT 

WI height of weir L 
Weber number (e C 

x Distance ftoi i down-stroan •end of weir I 
y vertical diotanco of any point from the L 
:.: contrc of t1io roller 
W Anular velocity #/fi 

Kinematic viecosity of fluid ~2A 
Cr- Sur 'ace tension of fluid vs,122 

P Man denaity of fluid  

- 0-- 
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• I 	Ii-.11:AR 1.1 *.titl' I.&: 

voirs or Darragos are conat ucted across rivers, 
so as to raise normal water level and div9tt the required 
amount of water into canal. Invariably in all head works 
broad-crested weirs are being used. 

As a result of putting obstruction across a river 
in the form of weir, the maxiim flood level of the river 
upstreamof ioir rises. This rise in level is 3 no i as 
afflux. The length of grater way, corresponding discharge 
per metro and of flux are inter-related, By providint higher 
afflux, the length of ir-cir can be reduced, but the total 
height of structure and submergence of land upstream will 
also increase considerably. Hence the cost of weir and 
training works is likely to .increase due to increased head 
of Crater. Hence afflux plays an important role and the 
parameters are Generally i!incilised after consideration of 
many practical aspects such as effect of back water on 
existing structures, cost of structure, submergence of 
land etc. 

1 .2  DISCI RG 3 EQUATION OF Df0AD-CICS"i2D HEIRS: 

Consider a broad-crested weir with vertical sides 
and horizontal crest of height %i, width D and length L, 



In a rectanCular channel of width 13.  Assuming critical 
flog to occur on the crest, the dieoharge Q over a 
broad-crested veir -is exnrossed in the form 

Q a 01B  'f . h3/2 	... 	(1.1)  

where C. d Coofficicrnt of discharge, 
h - head over the weir 

end g = gravitational acceleration 

Prom the above equation, it is apperent that with increase 
in value of C1,  the head over the wrel r 'h' will decrease and 
thus there will be a considerable.  reduction in the upstreama 
submergence. 

The reduction in C from the theoretical value 
may be attributed to the deceleration of the flow near the 
wall due to boundary friotion(4) as weU. as separation of 
the flow at the upstream corner. The eeperation of the flow 
is avoided by rounding off the corner and thin is 1 owri(1) 
to improve the dicchert o coefficient appreciably. It steads 
to reason that if additional momentum is supplied to the 
fluid near the well, the value of C1  should approach or 
even exceed the theoretical value. This would obviously 
load to lorrerinc' of water level in the pool. 

1.3  . ET-ECT Op YDBI:NALLY IITOSED ROTATION 

If a cylindrical roller is planed in the upstream 
corner of the weir for the ontire width of the weir as shown 
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in P . . (' . 9) c-~cd Ia rotated mechonically, it vrould 
accelerate the flow near the crest. Hence it is expected 

t 11, t'~21 incrcaco the valueof the coefficient C . 
Of courao it will require oufficient power for rotating 
the cylinder and one has e cost of power 
vie-c-vio the advantagea in an improved weir coefficient. 

It nor, however, be pointed out that the operation of 
cylinder may be required only during monsoon, When hydro--

electric r~orwor generation is substantial and the demand 
of poorer for irrigation is smalll. Hence theoretically the 
surplus power can be made use of for operating the cylin-
drical roller. It only needsto be examined whether the 
imposed rotation results in a considerable increase in 

the vair coefficient to make the device feasible. 

. 4 SC O .: C P STUDY 

flo information is available at present regarding 
the effect of externally impoeed. rotation on the discharge 
coefficient of a broad-created Weir. Ae such an attempt has 
been made in this investigation to provide .nfoxtation 
eoneorninC, the effect of placing a rotating cylinder at the 
upstream corner of the oroat, on its performance . The study 
in basically of an exploratory nature$, the main objective 
boin to find out the order of magnitude of the increase 
in coefficient and its relation to the speed. 1t theoretical 
analysis of the problem tray carried out and the results 



subjected to chock. using experimental data. he following 
limitations were imposed on the study. 

(a) Only the cylinders with r - 1.88om and 3.O0ci 
were used. 

(b) Range of speeds toe-ted were from 1000 to 4000APW'. 
(e) 	Licperimonte were done for one heiCht of the weir 

i.e. 31.Ocmo . 
(d) 	Itporirente were conducted for rants of h,/L 

from 0.1565 to 1.0175. 
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CH Fi R-l~I, 
Ti ORETICAL AITALYSI S 

2.1 	XS OaYSI S O ' PLO' : t.'I P7 ROTA.̂t.I O 

The velocity field over the weir may be conceived 

as a combination of velocity of approach and velocity due 
to roller rotation. Velocity of approach is assumed to be 

constant and the velocity due to totation to be decreaoine 
gradually from the crust towards the water surface (see 

2.1) . he velocity of approach above the crest level 
of the weir r y,, in reality, be expected to be larger than 
Uo defined as Q/B(h+'t), Nevertheless Uo is used in this 
analysis since ultimately an experimentally determined 
coefficient is, in any case, to be Introduced. 

It is further assumed that the velocity distri-
bution due to rotation is inversely proportional to yA, 

where y is the distance from the centre of the roller and 
n is an exponent with a value less than or equal to 1.0. 

Au  min no clip , at the surface of the cylinder, one may. 
write 

ur = c~ r at y = r 

and 	Ur == 0 	at y = 

where ur = velocity due to rotation. 

Tho equation 

u =_' r (rWY ), 	 , .. 	(2.1) 

satisfies these boundry conditions, 



As will be shorn► eub©cqucntly, cnerimentil 

duta indicatod n value of n b 0.2. 1Ievortholeso the 

theoretical on ?yoio ho boon carried out for n a 0.2 

and n w 1.0, since the latter represents the velocity 

distribution In irrotationa-1 floc. 

2.2 DER1 VA TI CU OF DISC IABGD 1 QUATI OI 

The discharge cgiiation will be different with 

the different velocity distributions assumed. So the 

discharge equations arc discussed below separately for 

each velocity distribution,. 

2.2.4 rjthVelocity Distrib action ur= w r r 

If q ' is the discharge per unit width of the 

wei ^, then 
h+r 

	

q 'f 	(U0+ `LLB,) dy 	 ••• 	(2.2 
r 

where Uo 	and ur -% r(r/y) 

Here the draw dorm which occurs over the weir crest has 
been neglected and its effect can be taken care of by an 
empirical coefficient later. 

	

+r 	h+r 
• q*r.f U0dy + f W r. y . dy 

r 	r 

---~ y ¢ r2 1ocoy 



---1.h + c r, [ :oCa(h+r) - 1oaar? 
$fill 

q*b 2 	h+r 
or q*_ ---~ 	r log ( ) 

h+t'7 	s r 

h+W 	2 	h+r 

In dimensionless form this can be * ritton as 

h 	2n ITr1 /2 r 3/2 	h 4 	_ 
____ 	(1+ 	). 60 """ 

_ 
( 	) 	.ioij (1+ 	) ..,, (2,3) 

U T• 	 C 	 Cam'
r 

2.2.2 S13th„V'e1ooit3 D , jbzti 	r 	Jy~~ 
h+r 

Discharge into nity q* °r (io+ ur) dy 

h+r  
f 	Udy'+Jwr(-) ' ,thy' 
r o r y 

h+r 	h+r n+1 
a ua.dy + , csu ,. 	 • d t 

r 	 r 

	

rf 	r1 
h +tJ L 	Jr 	h+ I 1-n L 

q 	h2 ci„ 7 
t 

h+tl GO(1-n) 

si 	1 - 	_n or - -- ___ 	
2 
- T r. /2 

r +1 [ii+r 1 n ? 	rI 
(h + 13) 	GO 
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In diriensionleso form this can be written as 

4* ( 	h 2 lrh /2 (
r ) 5/2 ( h+~) l..n  

If 60 VT h  

Putting n a 4.2, the experimentally obtained value, the 
above equation reduces to 

,. 	...~(,♦ _) 2t V. 	( r )3/2j (  -)o.s 1.0 	... (2.5) h3 
 

ti 60 V-, 	h 	r 

Based on equations (2.3) and (2.5) a plot has 'been  
1/2 

made of 	(vs) h/r or different values of - - 

vide i ig. (2,.2) . prom this plot it is seen that the imposed 
velocity distribution has a strong influence on the discharge 
equation. How vcr, the lines corresponding to n m 0.2 may be 
expected to - be closer to the real situation, since this n 
value is based on ezverimental data. It may also be mentioned 
that Eqs (2.3) and (2.4) havo the limitation that they do not 
reduce to the conventionol weir equation when ?7 = 0; as ouch 
they are not suited for use In the limiting came. 

In viorr of various assumptions made In the doriva- 
tion of equation (2.4) , one may expect that the actual 
disoharCe will be different from the theoretical. discharge 
Liven by fl . (2.4) . As such the actual dioohar ;o any be tn'itten 
as I tinios the theoretical dischar c, the E value being 
determinable from experimental data. 



CHAP) ER III 
EZP 2AL ST UP ADD PR OCEDMO 

3.1 PR~^LX1'IITAfY REMRKS 

All the experiments were conducted in the 
Hydraulic laboratory of Civil Engineering Department, 
University of Roorkee. The experiments were carried out 
for two sizes of' rollers with three different sizes of 
weirs. In all the cases, the width of the weir was kept 
came as that of the width of channel, i.e. only suppressed 
weirs Isere tested. The height of the woir (11) was kept 
constant and equal to 31 em in all the experiments. 

3.2 TEST EQUIPUE2iT 

The experiments wore conducted in a fixed bed 
flume constructed in brick masonry and plastered with 
cement rortar. Pig(3.1) shows the schematic diagram of the 
experimental setup. 

Tho flume was 1.0 metro wide, 25.4rn long and 
4..5m deep. The width of the flume was reduced to 0.415m 
in order to get high heads and high discharge intensity 
and to enable the firing of cylinder easily in the masonry 
wall. Steel rails woro provided on the top of side galls 
of flume, to enable the movement of trolley, on which the 

pointer gauge was mounted. The rails wore ,levelled to be 
absolutely horizontal. 

13 
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Plater was supplied to the flume from an. overhead 
'tam and under constant head. The over head tank was fed 
by a 45 H.P. pump, from a water Dump. The diseharco in tlio 
flume was re elated with the help of a valve. For measure-
m©nt of discharge a sharp-creotod weir set in the channel 
downstream of the broad-crested weir was made use of. 

The test weir was constructed of brick masonry 
and finished with cement plaster to the required profile. 
Since weirs with vertical . foces only were tested, ventila-
tion holes were provided in all the weirs to aerate the 
nape . The cylinder of the recuired dia ua.s provided to 
the full width of flume at the upstream top corner of the 
weir, such that the roller was flush with weir faces both 
vertically and horizontally. The two ends of the cylinder 
were housed in bearings.*  which were well lubricated and 
the bearinrs were fixed properly in the brick-masonry walls. 
At one end of the roller a pulley was mounted and driven by 
motor. The motor was provided with variable resister to 
enable speed adjustments. The photoCraphs of various equipment 
used are exhibited separately in this report (vide i`iC 3.2) . 

The details of the weirs tested in this study 
are listed In Table 3.1. 
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!A]3 L1 3.1 
DDiAILS OF WEIRS TS ]D 

Width Height Lonat a Radius of Remirko 
in cm. In cm. in cm. Roller in cm. 

(B) 1.7) (L) (r) 

1 41.5 31.0 16.0 1.88 For each discharge 
2 41.5 31.0 31.0 1.88 four speeds of 
3 41.5 31.0 45.0 1.88 roller eg,1000, 
4 41.5 31.0 31.0 3.00 2000, 3OOd, 40O 	1, 
5 41.5 31.0 45.0 3.00 were used. 

3.3  CA:LTDR4TIOfl, OP S BARP CEDSTED t'1 IR. 

The sharp-crested weir located doimotroam of the 
test set-up, iTas first calibrated for the entire range of 
discharges to be used In the study. This was done by 
volunetric measurements by letting known quantity of water 
over the sharp-erected weir for a known period of time and 
measuring the eorroopondin head over S.0 S.C. weir. For this 
an over Mead tenli of size 9.92m x 4.78m wan made use of. The 
calibration curve of tl o sharp-created  rreir was plotted and 
In shown as Pig, (3.3) . 

3.4 	x 	I=AL PROC. D1JI U 

A weir of the required geometry eras constructed 
in the flume. 'rater was silo wed to flow over tie weir. The 
head over the 'ioir with no rotation was varied from 6.48cm 
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to 17.62 cm. The discharge over the weir under each head 
was mcaoured with the help of the sharrrcrested weir. 
Keeping the discharge over the weir eonatant, meacu.rements 
viere taken for no roller rotation as well as with four 
different roller rotations of 1000, 2000, 3000 and 4000R.P J7, 

For each weir, the above procedure was repeated 
for six discharges. Po21owing measurements were taken 
during the present investigation. 

(a) Read over the weir 
(b) Water surface profiles on the crest and 

upstreari of weir (For three weirs) 
(e) 	Velocity distribution at a few cross-sections 

on the crest (For three weirs). 

For measurement of head and water surface profiles 
over the weir, precision pointer gauge was used. For measure-
ment of velocity distribution pitot tube with Inclined manometer 
was used. The measurements were taken at suitable close 
intervals. 

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



CHAPTER IV 

AMLYSI3 0r DATA 

4.1 MMI IiThRT RETARS. S rr r w+r r rrr r~ r r 

The data collected during the present .vesti- 

gation are analysed in this Chapter. A comparison of the 
experimental results vzith the theory presented in chapter III 
is first discussed. This is followed by the development of 

a discharge equation based on dimensional considerations. 

4.2 TYPICAL 11AIiER SURFACE PROFILES 

During the present investigation cater surface 
profiles were measured for different discharges over three 
sizes of weirs having a roller of radius I.88cm. Typical 
water surface profiles for the three veirs are shovm in 
Firs 4.IA to 4.IC . Prom the above plots, it can be seen 
that the water surface is generally lower at high speeds 
and the head over the weir decreases frith increase in ©need 
of the roller for the cane discharge. 

4.3 TYPICAL VELOCITY DISTTIBUTI0 mar S 

In cane of the three weirs having a. roller of 
radius I.88cm, the velocity over the erect of the heir 

was measured for no rotation as well as for the roller 
rotating at speeds of 2000 and 4000 '. Typical velocity 
profiles at the centre of length of crest (r - 8.Ocn) gore 

17 



plotted vide Pio(4.2). Prom the above graph it can be 

aeon that the velocity near reir crest increaceo with 

increase of speed of roller, increasing; the over all 
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 aesurned a To determine 
the value of 'n' in equation (2.4), a plot of (u- Uo)/-' r 
against r/y on lot-log paper has been made; vide Pia(4.3) . 
As seen from this plot, the value of 'n' Is approximately 
equal to 0.2..A1thouCh there were variations from this 

value In some runs, a value of n - 0.2 in iq.(2.4) 
appeared reasonable to assume. 

4.4 COPPARISOII BETU.E111 TFMORY „ ID EXPERIrTTTS 

In Chapter II, two different discharge equations 

based on different velocity distributions were derived. 

They are 
1/2 

(1+ h ) .. ~ ~ • (. )3/2  10900+ 	) ; ... (2.3) 
g h3 	•W 	60 V 	h. 	 r 

q ' 	h 	2;i Uri /2 r 3/2 - 	h "i--n ---~---~ Q (1+ ' ) 	(-) 	[(1+  --) 	-1.0 ... 	(2.4) 11 601 h 	r 
it 9 h 
T 

Since a value of n = 0.2 appeared to be reasonable, 



comparison with experimental data is made using Eq(2.4) 

onl . Acoordin y the actual discharge is written as 

1 f ` 
	2,~ rir1'2  r 3/2 	0,8 R ~-h 	( 	ir ) 60 	( 	) 	1(i +r) 	-i y o t 	... (4.1) 

In the derivation of Eq.(2.4), the effect o ' 

curvature of flow over the crest-of which the parsri.oter 
b/L is an index-has not been considered. As such one may 
expect K to be a function: bA. The value of K for all the 
runs were computed using Eq.(4.1) and these are plotted 

against h/L In Pig(4.4) . The values of K are invariably 
less than unity and K seems to show a systematic variation 
with h/ + and 	2. Since the effect of rotation was supposed 
to be fully taken care of in the derivation of I:ci.. (2.4) , it 
is surprising to note that X is a function of N3- /2, It is 
felt that this indicates axcdadditional limitation of the 
theory, apart from the one mentioned earlier that Eq(4.1) 
does not reduce to the conventional E.C. weir formula when 
U - 0. As such an approach based on dimensional analysis 

is presented for discharge nredietion. 

4.5 DISCHARGE', fi'MAMM7 FOR PRiCE FLOW OVER A BROAD-- 
gR ;a .sue ',r SIR . 

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

19 

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

3/2 I IX20 B 	h 	 ... 	(4.2) 

in which 'Ii' is the head measured over the weir 
is the correction for viscus and surface 
tension effects 

K2  i.s the correction for the effect of curvature 
of flow over the weir, i.e. 

A1 	f I (R9 WI ) 

K2  = f2( 	) 
1/23/2 

in which R = 	Jh 	and W1 	, and C is the 

discharge coefficient and is a function of 	The varies- 
tions of C with 	and K, with R'2U'6  are shorn in Firs(4.E) 
and (4.6) respectively. Raju and Aea xa(3) Cave the variation 
of K2  with h, for a weir with sharp upstream corner. Obviously 
the variation of R2  with h/L would be different for a weir 
with a roller at the U/s corner. The experimental data with 
no rotation wore used to eatablishthe variation of 1.2  with 
h/L for such weirs. Values of K2  were calculated for these data 
uainij Eq.(4.2) and T'iae(4.5) and (4.6). Those values of R2  
are plotted aCainat h/L in Pia. (4.7) . Generally opeaking 
one would coat a unique relation between K2  with h/L for 
all rounded corner weirs provided veneration is avoided. But 
It is found that the data points for the weir with roller of 
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r = 3.aom are below than the data nointo for the woir 
with roller r = 1.88cm. The difference is duo to the fact 
that thero was a hide Cap beloi: the roller on the upstream 
vertical face, In the woir with roller r = 3.0cm duo to some 
practical difficulties in construction. A sketch showing 
the difference in weir geometry is shown. in Tig(4.7) . The . . . 
difference in the geometry explains the difference in the 
trend of points for the two sets of data. For further analysis 
t.io separate mean lines were drawn ozm for r - 1.88em and 

one for r = 3.Ocm. she line for sharp cowered woiro(3) is 
also shown for comparison. The change In K2  due to provi©ion 
of roller is not oicnlficant. 

4.6  APPROACH DAD  OR DI I.0ITSMI AL A LYSI S . 

Let q' be the discharge over the weir at a head h 
and a rotational aped - I. q0  = Discharge with no rotation 
at the same head. One can then twits 

	

,# = £(c0,h, er Ii, r) 	 ... 	(4.3) 

4.6.1 Dimousi 	Analysis 

Applying L3uckinghhom' o theorem, 33q(4.3) can bo 

twitton au 

ft ((ll , g0,h,g,I ,r) = 0 

Since those cin variabloo conoicto only taro f ndamentsl 
dimoneionei units i.e. I and s, they may be grouped into 
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4 dimoncionleso 7. terno: 

0(U 1' 20n3' 4) . 0 

Ch000int 11 and r as non-repeating variables o io Coto 

• -; 	
11r/ 

hr 	I1r 	jig 	r 

q{~ 	h ITr1 j2 
or q f( s  )  ...  (4.4) 

a 

Tho ~czuoter O has no sienificanco and has been dropped. 
Ur 

for calculating the diseh€ rr o with no rotation 
Iq (4.2) was used. The values of 1,~ and C were taken from 
'ieo(4.5) any :4.6) Tes ectivo1y. The value of K2 was read 
from Pig( 4.7) for the corresponding roller radius, The 
discharge with rotation q* was the rncamired one. A plot 
based on the Eq.(4.4) xao made and is shot n in Pig. (4s8) . 
This plot was made for all the weirs studied with two 
different dicmetors of rollers for different values of 
parameter 	. lines of constant z 	have boon drain 
on this figure. It is soon firstly that for a particular 
value of 	, the increase in d i coharro is hiCbor at loci 

Ir 
h /r or at low heads. Also for the sate head, increase in 

1/2 (or 1) increases the disctareo. It Is to be noted that 
an inoreaoo in dioch ergo of an much as 30 por coat io obt^incd 
at high speed© and low heads. 



Ono can thud uoo 1q(4.2) alonC with Pico (4.5) o 

(4.6) 9  (4.7) and (4.8) to find the dicoImrGo ovor a v r 
with a rotatint cylinder at ito upotroai corner. 

4.7  CO TQLUDIrI'G RE `.AIU S 

It toad the purpose of this ozploratory study 
to find out ti iother a rotating cylinder placed at the 
upotror corner of a 'ioir improved the discharge capacity 
of treir. The results presented In this chapter shoo conclu-
©ively that such is the case, It has also been shorn that 
ciCnificant increase in discharge occurs at low h/r values 
and high speeds. 

c 
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5.1 	C OITOLUSI OZI S 

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

(1) An equation for the discharge over a weir with a 
rotatinC cylinder ha u been derived theoretically; 
however, the areoment of exnerimenta3. data with 
the theory is not satisfactory. 

(2) The additional. velocity due to rotation varies 
apprcximatety to the 1/5 th power of the vertical 
distance from the crest. 

( ) 	The ratio of dieoharge under rotation to that 
under no-rotation at the sane head is a function 
of h/r and 	. 

(4) 	The increase in discharge due to rotation is 
substantial at low heads and high speeds. 

5.2  SUGGESTIOUS FOR FUTURE STUDY 

The following suggestions are made for further 
study : 

24 

(1) 	An improvement in the theoretical analysis talon' 
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OOI CLUSIM4; &D St1GG SIOIJS FOR IZTR t 2R STUDY 

5.1 COUCLUSIOITS 

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

(1)  An equation for the discharge over a vicir with a 

rotating cylinder has been derived theoretically; 

however, the areoment of exrerimentaa, 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 the crest. 

(3)  The ratio of &leoharee under rotation to that 

under no-rotation at the same head is a function 

of hjr and VN /~ 
(4)  The increase in discharge due to rotation is 

substantial at lour heads and high speeds. 

5.2 SUGGI STiOnS FOR FUTURE STUDY 

The following; € urCestions are made for further 
study : 

2' 

(1) 	An improvement in the theoretical analysis taking 



care to endure that the derived oquation 
reduoeo to the conventional broad-crested 
weir equation at 11 = 0. 

(2) Study with different heights of rweirs and 
sizes of rolloro to widen the range of parameters, 

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

25  
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'7,2ImIx-I 

iABL73 9 i Su3: tMY or DATA 

S.I'o. HEAD- 	SPEED OF 
OVER DIS.- ROTA--
S-C CHARGE ~Tiuilz-
WD, R II? 

ri3/Sec . 

VALUE or h in cm. 
1000 2000 3000 4000 

#' 2 3 4 5 
rrw~~rr~r+r 

6 7 8 

U EIR I 
i ire 	r~yrrriwrru 

s L =ll6©cm.- r= 
nr• w 

1.£8cri 
rr..rrr.+rr.rw 

1 3.07 0.0108 6.68 6.55 6.31 6.06 5.70 

2 3.90 0.0150 8.12 7.98 7.82 7.58 7.29 
3 5.60 0.0248 11.10 10.99 10.89 10.68 10.55 

4 6.01 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 8.72 0.0460 16.50 16.28 16.16 15.05 14.99 
"IE R :  L 3 1 . cm 	.'=1..r■ .88c~ 

7 8.60 0.0458 17.62 17.0i0 16.88 16.79 16.68 
8 7.12 0.0350 , 14.70 14.40 14.30 14,10 13.70 
9 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 0,12 
12 2.87 0.0097 6.48 6.15 5.79 5.33 4.85 

tMIR - -' 	L 45 l Ocm:_ r=1,. B8crn 
13 2.89 0.0097 6.67 6.47 6.15 5.68 5.42 
14 4.09 0.0160 8.99 8.78 0.60 8.31 7.96 
15 4.91 0.02075 10.91 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 13.02 
18 8.15 0.0413 16.95 16.40 16.28 16.14 15.95 
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TAD 	I --CC 

I 	2 	3 	4 	5 	6 	7 	$ 

Weir 4 1 L=31.Ocm: r=3.0cm 

25 3.85 0.01428 8.74 

26 4.97 04214 10.92 
27 6.13 0.0279 12.69 

20 6.50 0.0305 13.64 

29 7.20 4.0352 -  15,14 
30 7.77 0.0385 16.62 

6.48 6.14 5.78 5.28 
8..56 8.21 7.76 7.58 

10.15 9.82 9.52 9.27 
11.80 11.48 '11.17 11.00 

14.97 14.74 14.42 14.20 
15.80 15.56 15.14 15.06 

Weir 5 : L=45, ac !.3 ,tern 
8.46 7.92 ' 7.42 7.10 

14.72 10.38 9.74 9.42 
12.52 12.31 11.74 11.35 
13.43 13.12 12.64 12.37 
14.89 14.60 14.20 13.85 
16.33 16.02 15.69 15.42 

19 2.87 0.0097 6.90 
20 3.9.E 0.0151 8.82 

21 5.07 0.0204 10.42 
22 5.57 0.0246 12.07 

23 7.30 0.0356 15.22 

24 7.90 0.0400 16.16 
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