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ar7ODUOTION. 

One of the problems often met by an irrigation 

or water suoely engineer is the design of a discharge 

measuring device in an open channel to satisfy the 

following conditions. 

1. To be inexpensive and simple to construct 

and maintain. 

2. To contain as few working parts as possible. 

3. To cause as little disturbance as possible in 

the moving mass of water. 

4. To cause no sudden reduction in section or 

checking of a part of the flowing mass of silt 

laden water and hence no liability to silt deposit. 

To be simple in operation. 

6. To be accurate enough for practical requirements. 

7. To require minimum loss of head or ponding up. 

3. 	To have a wide range of flow. 

9. 	To reouire no alteration in formula or in coefficient 

of discharge with the changes of tail water levels. 

The sharp edged weir is the standard permanent gauge of 

flow in open canals at present. 	rt satisfies conditions 

1, 2 and 5 but it has the following disadvantages:- 

1. 	 3/2 
In the general formula of flow 	H  

ehere 	= discharge in cubic feet per second 

H 	head above sill in feet 

and C which depends on the coefficient of discharge 

ic not definite. 

e. 	The coefficient of discharge changes with H and with 

the relative dimensions of approach channel and. weir. 

3. 	The velocity generated by fall is destroyed in 



forming eddies in the tail water. 

4. To give consistent results, the tail water is kept 

well below the crest of the weir to admit air under the napne. 

5. If tail water rises, the weir becomes drowned and 

another discharge formula has to be used. 

6. The intermediate transition condition between free 

over fall and complete droenin6 is uncertain. 

7. The approach ohannel tends to silt up and thus 

alters. the coefficient C. 

8. 2harp edged weirs are expensive to construct and 

are liable to damage from floating material. 

The Venturi flume. 

The main features of a flume of that name is a. 

gradual contraction in the section of the stream followed 

by a short length of contracted section is ding to a gradual 

divergence increasing the section again to its normal width. 

There is no water fall as in the case of a weir and also 

there is no obstruction across the bed of the channel. 	The 

shape of the cross section of the flume may be rectangular. 

trapezoidal, trianui 
	

Of semi-circular according to the 

shape and size of the section of approach. 

The above features satisfy conditione 	2, 3 and 4. 

as stated above and valuable information furnished by well 

known investigators proves that such a device if properly 

designed will satisfy the rest of the conditions 
	

1, 3 

and 9. 

The shape of the above mentioned flume and its 

similarity to the Venturi Tube euggests its name "Venturi 

Vlume". 

The effect of passing liquids through a converging 

end diveegin tube was known to the e, ans. 	In 1797 



?rofessor (flovanni Battiste Venturi, an Italian 

=111.1osopher studied this phenomcnon and after careful 

investi 'ations at the University of Modena, established 

'a definite la of /Ion. 	About 1((., years 44.ter aemene 

Herschel applied the Venturi principle for the pray  prctics1 

Teasuremont of water flow through pipes. 

The Venturi flume i also an adaptation of the 

same principle. 	The water is exposed all through the 

flume to atmospheric pressure only but the redaction in 

dr!th of water paing through the contraction is analogous 

to the drop in pressure heed in applying the Venturi 

The following 411ows plainly the analogy betwe6n 

the principiprinciples of working of the Venturi Tube and Venturi 

T:lume as derived from theory. 

Vntur Tube. 	Venturi rlume. 

Hr 	Pressure head in main d 1  = fkepth of water in maiu 

pipe et entrance to 	channel at entrance to 

converging inlet 	converging inlet. 

2 	
ressure hed, in the 	d = Depth of water inside 

throat. 	the parallel throat. 

- H2 ) 	 h 	(di  — dz  ) 

a1  Area of cross section 	A . Are 	f cross section 

of main pipe at 	of flowing stream in 

entrance to converging 	main channel at entrance 

inlet, 	 to convergin6 inlet. 

az - Area of cross section A = Area of cros section 
z 

of throat. 	of flowing stream inside 

the throat. 

• Theoretical discharge Theoretical discharge 

in cubic units. 

a2J-2gH  

z  

in cubic units. 

      

      

      

3 



In the Neese of Veatari Tubes the actuel discherge /0 

equel to the theoretioel dieoherge multielied ..zer a 

coeffietent which. V9P found to be nenrly unity having 

en everege oonetent value ofo.93. 	In the case of 

Venturi FlItee a eimilar coeffilient le aleo required 

for the computation of aotup,1 flow. 

The orietnal idea in the development of the 

reotaneular eection Venturi Flume was to invent a devloe 

to replace the ordinary rtting flume that Vr,1,8 betne need 

in irrigation eanals. 	This rating flume consisted of 

a constant contracted oection through which the water 

pasteed. 	is the majority of oases such a flume was found 

unreliable due to changes in velocities of approach, silting 

conditione and accumulation of suspended bodies In th 

checked stream above it. 

The Venturi Flume ha e another advantage fron the 

point of view of data required for determination of eater 

floe. 	In the appIlcaeion of usual formulae for 

contrections viz., dtAubuisoon's formula (16a) Section Cc) 

Appendix (3) or eeiebachte formula (17) Section (d) 

Appen,Jix (3), the water depths upstre.re and ineide or 

eonnetreat the contraction as well as the velocity of 

aperosch ere reqaired. 	In general practice the eolecty 

of npnroaoh te at first neglected and then approximately 

ellented for, which means a long process. 

In consulting formula (15) Seotion (b) Appendix (3) 

as deduced. from first prinelpies it will be found that th .44 

velooity of approach i automatically cered for in the 

application of the fertela in the. theoretioal Uoduotion of 

Nhich the velooity of the rater nt eoh gauge wee taken. into 

account. 

4 
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If the water fleeing through a venturl flume 

le Orewn from 4 still water bael,n, there will be definite 

heads ie the upstream end in the throet and aleo a 

definite diree between theme tee heads 1' a given 

quantity of floe. 	If the 8eae disoherge aere to 

approach the fluve with a volooity, both the upper and 

throat geuge rocelings would be lese but the differenoe 

between the two readings could be greater in order to 

pees the seme disoharge. 	Thu8 the weter eepthe, in the 

Coreree end tn the throat euto4aticelly adjust them 

selves for any °hence in the velocity of eppreeoh. 

Also the gradual change of section through the 

verging parts reducer, the total lees of head that 

results from the sudden contraction in an ordinary straight 

flume. 	else when the depth of water inside the contraction 

i above the critical (see Appendix (6)) the gradual 

divergence of the outlet of the venturi flume helps to 

recover the normel depth with a loss of heed much smaller 

than that due to the abrupt ohenge from the width of 

contracted vection to the original channel idth. 



Atect of this reeeerch. 

reefs and investilts 	were cerried out with 

object of finding the most suitable design of rectangular 

Venturi Flumes. 	To test different ehapen of reotangulur 

flumes and to decide on the most suitable shape for practical 

use under different conditions of nowt  several shape of 

flame models with different lths aad widths of parallel 

throat were used. 

After deciding on the hest design of fluele the 

forwal-: of flow was also inveetigated to find whether the 

coefficient of discharge required is also constant as in 

the tease of the Venturi Tube or having a certain relation 

4th any of the variables in the discharge formula. 

,rsxperimentljlant.. 

The experimental plant on which the writer carried 

out his tests in the City and. Cluilds (Talginering) College 

Hydraulic Leboratory wao butit up in the form of a hydraulic 

circuit the rough outline of which is shown on small diagram 

on plate (1). 	This diagram shows that water can be 

pumped up from the sump VIV into the constant discharge tank A, 

then through through  the experimental steel flume F and then 

through. a pipe line V down to the diacharge measuring tanks T 

which discharge bT4.ck into the sump W from which the water 

is pumped up again and eo on. 	As the head in the tank A 

ie required to be oonetant the water is kept at a constant 

level by means of an overflow pipe which discharges the 

exoefe water back into the sump. 

On plate (1) the actual experimental plant is 

shoi:n to Scale in plan, elevrition and sections. 	The 

three centrifueal pampa are specified and shown, as 

CP(2) and C;P(3). 	They could be used one two or three 

G 



at a tine depending upon the tlow required. 	The 

pipes leading from these pumps into the tank A are shown 

2, and ,93  ) respectively. 	The tank A is a 

reinforced concrete tank of inside dimeneione (11.5 feet 

long Y. 5 feet wide X 6 feet deep). 	The top of the 

funnel () that led a to the overflow 12" pipe e is 4 feet 

above the centre of the 14" outlet pipe E so that the heed 

of water is always eaintaiaed in the tank at about 4 feet 

above the centre of the outlet pipe 7e. 	It does vary a 

little with the amoent of eutfloe from the tank. 	Any 

required steady discharge into the experimental flume Y 

depends upon the opening of the valve D. 	The heae in 

the tank A adjusts itself and remains steady so long war the 

opening of the valve 	ie not altered. 

rhe etert en tal eel flume.  

This is built of steel channels end plates as 

shown in fig. 	plate 2 and is two feet wide all through 

its 8o feet length. 	It depth is 2 feet in the first 

30 feet, 1.5 feet in the middle 3.0 fest and 1 foot in the 

last 20 feet, 	it is so designed to be given any 

required slope but fox the purpose of this work the teets 

eare started with the flume saported in a horizontal 

position on large wooden wedges about 12 feet apart. 

To damp down the vaves caused by • the inflow of 

eater from the pipe nozzle E into the flume a baffle was 

made of 4 separate partitions of elternate vertical and, 

horizontal stripe of wood fixed with email spaces between. 

Down otream of this, baffle a fleeting woedenruft H damped 

down the surface waves and thus the water in the upstream 

reach had a steady end smooth eurfeco. 

Along each of the top edges of the vertical sides 

7 



of the middle section 
	flum a brass angle 

wae fixed 	shown in f igs on plates II nd.D1 	The 

top edge of the vexlicel sides of both angles wer 	re- 

fully filed and scraped and made exactly level and aven. 

They were tested during the operation by mean of a spirit 

level and a 5 feet straight tel edge. 	!iot only each 

edge was made level but both edges Nero mada exactly at 

the same 1ev 1 and tted in the same flay! 

Cvn these level edges wag fitted a brass frame 

E 	shown in fig on plate m . 	This frame was 

so designed so as to slide smoothly along the to of the 

angles and be exactly at right angles to the axle of the 

flume in any position and to carry a boss B of a micrometer 

sore point gauge described in a follosing paragraph. This 

boss was ado to slide along the frame in the transverse 

direction i.e. at right angles to the axis of the flume. 

At the bottom af the flute the water is discharged 

into a amall tank and then through the p9e lin N to the 

Aechnrgt mesuring tanks. 	Mes.; as shon as T and. 

T1  in plate (l) are two large steel tanks of rectgular 

sections the areile of which are 155 square feet in T and 

152.5 square fe 

of the t,oteilv 

 

t in Ti 	be lever arm R opens either 

J or Pi  and oloeee the other at the came 

14. 

 

time. 	Both tonks discharge into the sup by openinE; 

their bottom valve (V or VI  ). 	This is done by turning' 

the wheela (U or 	). 	The depth of water in any of the 

tanks can t.)e read to three deoimais of a foot on piezometer 

glass tube gauges (:6 or Z., ) fixed to the aide of T. 

The miorqmet r screw ;oint auge 	shown in plate in: 

The pointer iP la fixei. to the top of a fl° :.aerswed. brass 



spindle 3. 	in pitch of the screw on this spina  

is .12 of an inch i.e. the teeth arel to eoch one 

tenth of a foot. 	There is a groove g (14o" vide 

VIC deep) slotted along the vurisce of the spindle. 

The spindle fits and eau be moved up and down smoothly 

but not looeniy through a vertical hole bored throueh 

the centre of the boss B and is prevented from turning 

round by mean of a set screw 0 that fits into the groove 

By turning a: nut N resting alwaya on the top. 

surface of the bracket R the spindle com be moved u or 

oown through a distance depending upon the number of turns 

of the nut N. 	Through T hole bored through the bottom 

era of the srAndle a ;:.;“ restless steel rod T is fitted 

anu fixed In position by a set screw c t. 	This rod has 

o 

 

sharp point (t) at its bottom end. 	To the bracket 

ie fixed a vertical scale L about 18" long and is 

divided into large divisions of i!E)  th of a foot each and 

each one of these is divided into ten parts so that the 

small division on the cale is a loo  th part of a foot. o 

As the /Atoll of the screw on the spindle is .12 of an 

inch or 	al of a foot then by one vomplete turn of 

the nut F the spindle and thus the pointer P =Vas 

vertically a distance equoil to .001 of a loot or one 

small division of the cals. 	the top part of the 

nut N is 2.375 inohes in diameter and the circumference 

of the top surface is divided into 100 divisions eo that 

by turning the nut throujh one division only or .001 of 

a complete turn the pointer moves through .0001 of a 

foot upwards for e. clock6ise turn and downwords for 

antiolock,sise turn. 	oben the pointer 1: reads zero 

on the scale or reads exactly u. round number of one 

hundredths of a foot, the zero of the division on the 

0 



I0 

nut ooinc1des e 
	

h an index mark on an arm r 

fixed to the bracket R. 	;.7ne end of the pointer 

is tent so thrA its sharp bevelled edge is exactly 

parallel to the diiision marks on the soale L ,,nd a 

small spring q fixed to P presses lightly against the 

back of the scale 14 and keeps the bevelled edge of 

alwayo just touching the faoe of the scale. 	Io 

read the gauge the pointer F gives , irectly the firet to 

dlcimsls of a foot and the reading opposite the index on 

the nut gives the third and fourth decimals Loathe 

vertical scale reads 1.44 and the nut reads 6.3 the whole 

reading of the gauge is 1.4463  feet. 



Venturi1um 

The different shapes of flume models tested 

tvere built up of different combinations of blocks 

shown on plateIV 	. 	These were made of yellow 

pine 41  thick. 	lf,ach block wae made of 4 pieces 

out to the required shape and dimensions and bound 

together by bolts after being immersed in boiled 

paraffin, at a temperst re of 110°0 for 45 minutes and 

then left to cool in the melted wax for about one hour. 

This WaG done in order that the hot liquid paraffin 

enters through the pores on the outside surface of the 

wood and replaces the sir and moisture and thus renders 

it proof against change in shape when the models are 

tested and then taken out of the ater. 

The pieces A are for simple round entrances kind 

outlets. 	Pieces 3 and C are for the straight parallel 

throats. 	Pieces D are for converent inlets .)xid divergent 

outlets of venturi flume models of straight walls. 	;ieces 

are slIllar to i; but Iith different taper or rate of 

convergence and divergence. 	Fieces F are with curved 

feces and col be sorewed on the Vg.os 	of the blocks 

n in order to form models with curved walls at either 

entrance or outlet or both. 	They are cut to a curve 

the ordinates of which are shown in plat-CIV on block P . 

ieces G are 'oade to fit on faces 	of blocks 5 for the 

same purpose. 	The ordinates of the curves are as shown 

on blocks E . 	These curves were not specially 

designed by the writer to given dimensions. 	For example 

in the case of 	curve it *ael,  simply through trying to 

fit on the math parabola a suitable reverse curve that the 

given dimensions were found to give a suitable shape. 	The 



effects on the results of observations that such a 

curve wilI shoat will give an idea of the effect of 

similar curves of the same general shape but of 

different dimensions. 

Any one model of flume 	built ap of tte 

similar halves, 	4mh half conaisted of an inlet 

0.eoe, at outlet piece and one or two perelle thro“ 

pieces. 	These were securely bounu togs 	by short 

bolts that passed through opposite holes in the 

ac scent faces Z blocks. 

A layer of putty about .V thick was spread 

on the bc om of the ilume in the -ipace to be covered 

by the base of the model. 	Ihe two halves were then 

lowered and placed symmetrically opposite one another 

and then were firmly held down by two wooden be 

wedged nt both ends under the steel cross bars of the 

steel channel aa shown in figure on pite IC . 	The 

putty waa then scraped off round the edges at the bottom. 

The vertical sides against the sells of the flume at inlet 

and outlet were also puttied. 	The bottom 1.4er of 

putty and the Toutty at the sides prevented any ltmkage 

of water underneath or behind the model *hich -4s then 

ready for test. 

,!:.ethod4:a  

complete test cn a model consisted of 4 runs. 

fluring each z'un a coaatant flow of water was discharged 

into the tel channel. 	The water ifIvell upstream 

anE3 downstream the models were then variec. during each 

'onstant floK. 	tests t- 10 the tail leviq was 

changed 5)  6 or 7 tiass durin4 eAoh run. 	Yall 

constituted OM obtervItion duritg .0hieh level of the 

12 



,rat 	surface curve extending from n point five feet 

upstream to onether Si* feet downstream. 	Distance 

were easured upstream and downstream from the oantre 

of the pirallel throat. 	During each run the actual 

:iiseheirre ping nes mesured at least three or four 

times nod the mean was tan es the 7,1verage oonstsnt 

flow during the run. 

.93m,110-err weAtT level in 	 

The levels ware chanzed by means of rFising or 

lowerin toe tail r9ter level. 	This wes lone by leans 

of inserting horitont=a sticks between angles fixed t the 

sides of the ob=mnel R8 shown in figu.re on 319ten 

The sticks were mede about i" thioter et thir ands 

that when they 1..re laid on top of one another a gap of 

14  Wa0 left between the eti ks, 	This was doae in 

order to let the w.„1,ter that was.  bacited up belling the sticks 

flow as uniformly as possible right throaeh the da:tb of 

stre,  unlike whet would .,pave happened had the reguliting 

sit ks been just laid on top of ono another to form .111 

ordinary weir th7,t 	oter to flow only owlY the 

top end Teould have reduced 44-th the velocity of the bottom 

layers of stream through the mods13 el,74pso1a1l: at low 

flows. 

Lealurement_, 	risontal divtanoce. 

Thn:Ie were me:_lturad from the contra of the 

narsllol throt of e2ch moe1, 	A 12 foet woody-2 

sole Ims. placed alcrigc:ide the vertical oj..ge of this 

brass angles. 	The top edge of the s I w%c flush 

he tor edge of the angle. 	It was av_rked C at 

13 



the centre and then graduated in feet and in 	and 

arirked .from 	to 6 towards ellch end. 	On t)rame 

oarrying the micro;bster point gauge au index.  was so 

fixed opposite the centre of the spindle and moved ou 

top. ot the. grauated aide o: the horizontal wooder. 

so that it inditmted the distance. from the throat centre 

at which the measurement of water deth -v.att taken, 

'Veseiatem  • ,• 	• 14 o4 Water deLth. 

The hOrixontel piae parallel to the level 

edges o the braes (angles on to; of the channel ,rla 

peeling through the point on centre line of the bed 

anl at the oentre of throat length was takea to be the 

datum plz. ne of measurements. 	:his plane wee euppos  

to coincide •otly with the bed of the flume In ite 

horizontal position but due to some slight irregularities 

in joining the bottom plates this wae not exactly the case. 

ruinE the first ten tests, only the point 

gauge wee ur-ed. 	At the commenommelvt of measurement 

swtor depth, the frme otcrryla,-: the ioutie vac brought 

to the oeLtr* 	thvt ite ineexIresd. zero ca the horizontal 

WOOdell 80a1 
	

The boss Bvas then adjusted at the 

cent* of the frame. 	The tel rod T at the bottom of 

the' spindle 	oci?-; than loosened by uneorkwing the set 

soret.,  C, and ite sharp point was adjusted to touch the 

bottom: of the chansel rben the Ircitter T read zero on 

the vfcele 	and they ine I 	coted with the zero 

on tile nut dIvistons. 	The c;eteorew wap then tightewd 

to teep the rod T In position. 	in this case by 

turning the,  nut !',1 the resdinE pf the gauge it.tch deended 

on the vertical movement of F or t iadicated the heliht 

of the point t above the plane of reference or above the 

t4 



bArd of.  the flume.  at the 'centre of the throat, 	Tu 

other 'orde when the point t just touched tha surf& 

of the ran:sing ritater at any point the viugt read 

directly tho depth of water at that point. 	.$1143'h 

readlagt oeze taken. during afach oboervation at every 

3 Inches along the parallel throat and at longer 

ditances of 1 foot O2 rrcre outside the throat. 

Ineide the throat readings were else taken to the 

side of the centre it lu the neighbourhood of the 

lowest potnt. 	All readings were recorded to. four 

of a foot and. the ne. areet three deciMula ere. taken 

in the covIputations. 

r test numer 11 and the following oree 

both the rcint gouge and the prescure g uge readinas 

Illerc recorded, 

'artiNN,a 

During testa on models with 6 tootles tbroftt 

only one pump had to be used as the flow did. not exceed. 

2.,7 cubic feet par 8acond- 	1th tha models of wider 

'X throats too pumps we re sometimes uvni. 	hen the  

vmter ',gas puTpod Into the concrete tank ti valim ( D ) 

was 'nod gradually until tha water aurf;%ce touched the 

')fl t t 31 the gauge that was 8et to a certain reading. 

No sticks were put in the regulating weir davin stream 

of the model through ightsh the water wls then flowing 

with lowest tail 1ve1. 	The latter wne raise1. by mens 

of the, reviatIng weir And. a fresh observation wae started. 

After finishing a rut the oT;iening of the valve D 	was 

sltared 

 

to ive another flow and a fresh run we2 started. 

yeAsurfnlant al atual.elsohrge.. 

As previously mentioned the water discharged. 



from the flume loved through the pipe N and then through 

either of the vertical pipet 0 or 0. depending upon which 

valve P or P1  was open. 	At the beginning of a run the 

valves P' and V. were opened so that the water flowed into 
1 	1 

tank T 1  and back to the sump. 	or measuring the di charge 

the valve V at the bottom of T was opened until the surface 

of the water inside the tank dropped to a level that could, 

be read on its piezometer tube gauge and then V was closed. 

The reading of the piezometer gauge eat noted to the nearest 

third decimal and gave the depth of water in the tank ' in ft. 

The lever arm R was then pulled to open valve P and. shut P1  

and the time was recorded to the nearest seeond. 	The water 

by so doing was colleted in P instead of flowing to the 

sump through T1. 	Lfter a few minutes ranging from 5 to 

10 end deepending upon the rate of flow, the lever arM was 

pulled back, closing P and opening P1  to let the water take 

its original course. 	The piezometer gauge vas then read 

and the difference between the two readings gave the rise 

of water in the tank in feet in the given number of minutes. 

knowing the cross section area of the tank to be 155 square 

feet the discharge in cubic feet per second was equal to 

= rise in. tank in feet A 155  
time in Min Z. 60 

During each run the discharge was measured at least three 

times and the mean was computed fel' e oh run. 
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r011,7 14-44. 

Alone r;olv fitted in the experiontal stool fluLA 

for the purpose of measur --, the actual hydrostz;tic 

pressures upstream, i the throat, and downstream on 

the tested vonturi flume 4,odel au allown in the detail 

or the middle section of ateol flume In laSte 11. 

At tho coatre o the throat, three parallel rows of - 

holes vor* drilled in the botLoLl pit ia of the stool 

channel at right enEles to the cont‘it line* 	The 

three 00t3 OX holes 'reria 31  Pspert4 	The distance from 

centre t 	xt 	the holes in each rov W4t4 3.‘" for 

the 5 holes in the middle 6" Width ana the rm;alats. 

holes en tach side were 1" from centre to centre* 

Theso :1122 heions '47;are so chosen in order to Jive the 

mean static presuure fro eiae to aide in 4 6" and 

on 8" thront, 	£ similar ror of boles was drilled 48 6" 

upstream the oontro or throat and ar,other one 61  do,..4netreast 

thowntre of threct, 	The haw in each rov,' ,more 

connected by means of short oonno or* to branch pressure 

pipes which wore soanected to one 1.1sin pipe loadin8 to 

the pressure OA=tubes as shown in rioire. 	ne wain 

aria brench pressure pipes were fitted with callable cooks 

to obtoin to r1&tconnection betvleen the sots 	holes 

vnA their correspondine glass tube EauceS4 	,uso at the 

throat, the oiean prossure alone' the row of holes u.25* 

upetrean centre, st the centre, :and. i.:42511  downstream 

centre could be connectea and obsorved either separately 

or tog 	en tht t4rowt ette4:,o. 	In this way, tomr 

separate throat ;Bean precauzeis wore observed, one for 

(mob row of holes md zne .;or th4 three holes as eilown 

in the observ&tin sheets el '.ceta 11 &nd 12 

Adjustout of the zeros of the ter,los o ';:ube Owes  

Balta. each 	tube ,, t116e a vertlemi soale rea.inE to 



throe doeixcla 	larA 	Xizeile 	Zo Must the 

zeros of those sealau to .00lvol4o exflet4 wIth thm 

'bot.4,,om 	tho awe. about 2" o: 

stva ruter 	azamed lneldo the fluvt 	thlot 

ImworO pv:tty 1it.toroos tho botteu* The 0064) 

zeT"rating the three Elms tubeo vers °pared so thet 

the mter inst&o tho tubes was 	cty evel with the 

borizonta aux..t.aoe o'.;' the ot111 vuter inelde the flue, 

thv Letual 4ep1h 	WhIeh woe ri4ritsured tizr the Nleremoter 

sorew rolnt gaucei 	three (Joules were then screrod 

thelr pooltion NA (*oh ono. lava t..djusted to reed 

the uotual:- t3mtwarod aepth of• 14wAter oppeolte the nvo.tar 

loyal, bultdo jtt oorreolvvAlf: tuboi 

A. 	  sule.016,0•10. 

5:he vuterdepths v4lro '4c.i...on IL the 00Wattxtion a 

raauitu to %* 114arest t1 r,4 decimal Xrom the four 

docial CiUures of obsorvntione. 	7Aseharges 'were. 

measureEi t the neetrear, thousandth of a cubic soot per 

second. nnd the ooef...eleuv,s wore ootzAtted to throe 

deetJals. 	A l'„," 	rule wow used. 



TUT No.1. 

On 

Model shape A 

Throat width 6 inchee 	Throat leneth 13 inches. 

LAetance 
from 
centre of 
throat 

in feet. 	1 

Depth of water in feet m Point gauge readings 

Observation No. 

3 	4 , 	5 	6 

Run No. (1) Mean discharge m 0. 48, ousece. 

5.00 U.S. 0.4737 0.4888 0.5456 0..6137 0.7764 

2.00 	" 0.4713 0.4882 0.5436 0.6144 0.7785 

1.00 0.4340 0.4540 0.5169 0.5920 0.7764, 

0.75 0.3850 0.4120 0.4930 

0.50 0.3194 0.3566 !,:':.4642 0.5735 0.7576 

0.25 0,2850 0.3463 0,4600 .1.5•X.4* 

WaIre 

0 	0 00 2760  004232 o.4681 0.5690 0.7572 

0.25 D.,. 0.2650 0.3550 0.4810 

0.50 0.2595 0.3735 0.4949 0..569c  f7567 

0.75 	ft 0.2380 Ave 0.5041 

1.00 o.2088 0.5060 0.2737 o.7567 

2.5 Jump 

1.00 0.2010  0.4061 0.4900 0.5761 o.7567 

Run No. (2) 	U:ean discharge m 0.742 cusecs. 

5.00 U.S. 0.6298 0.6313 0.6985 0.8315 1.0441 1.2363 

2.00 0.6295 0.6305 0.6985 0.6315 1.0441 1.238 

1.00 	a  0.5874 o.5862 0.6654 o.8035 1.0268 1.2249 

0.75 0.5250 0.5288 0.6130 0.7758 1.0106 1.2162 

0.50 	ftt 0.4454 0.4412 0.5645 0.7626 1.0118 1.2151 

0.25 0.3950 0.3843 0.5786 0.7993 1.0094 1.2149 

0.00 0.3648 0.3707 0.6645 0.7644 1.0093 1.2133 

0.25 D.s. 0.3520 0.3845 0.6123 0.7813 1.0093 *re 

19 
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Distance 
from *bate 
of throat 
1_ a feet. 

Depth of watar in feet. = Point gauge readinge 
Observatiora No. 
3 	4 

4 .7771 1.0093 1.2145 

0.7619 	4,01,011.0.11. 

S. 0.3462 0.3672 0.5729 

0. 75  0.3150 0.35, Y) 0.5856 

1.00 0.2616 Jump wave 1.0222 

1.251 Jump 

0.3245 0.4195 0.6262 0.7862 1.0197 1.2144 

Run 	o. ( 3). Uean dicaarge = 1.439 ouN,tot,. 
5.00 U.L 0.9828 1.0095 1.0457 1.1161 1.1834 1.32  
2.00 	ff 0.9797 1.0069 1..0430 1.1162 1.1823 
1.00 0.9282 0.9565 0.964 1.0710 1.1399 1.2867 
0.75 0.8561 0.8852 0.9330 1.0115 1.0829 1.24.12 
0.50 7471 0.7828 0.8374 0.9306 1.0159 1.1905 
0.25 6489 0.6997 0.7695 0.8875 0.9977 way,. 
0.00 0.5870 0.6600 0.7658 0.9379 wave 1.2660 

0.25 ILO, 

o. 5o 	4 

Q. 5639 

0.5711 

0.6747 
Q .6thO 

0.8673 
0.84c 'L 

wqv 
1.0257 

1.1171 
1.0577 

1.2167 
1.2175 

0.75 0.4898 wave wave 0.9715 1.0431 1.2371 
1.00 0.4168 RIVOlaie AM A. 0.9625 wave wave 1.2560  

Jump 
6.00 0.5344 o.8 0.9468 1.0172 1,0688 1.2586 

Run No. 	(4). geln dir4oharg 1.80 
5.00 u.s. 1.1372 1.1414 1.1686 1.1923 1.2426 

2.00 	Of 1.1320 1.1389 1.1654 1.1923 1.2409 

1.00 1.0767 1.0852 1.1127 1.140': 1.1896 
0.75 1.0014 1.0074 1.0399 1.06(7 1.1272 

0.50 0.8675 0.8963 0.9322 0.9570 1.0212 
0.25 0.7753 0.7862 0.8240 0.8669 0.9491 

0,00 0.6988 0.7130 0.7712 0.8277 0.9316 
0.25 p.o, 0. 6592 0.6777 0.7592 0.8388 0.9812 
0.50  0.6324 0.6578 0.7580 0.8700 1.0149 

0.75 0.5820 0.6273 Ats ve aye 1.0467 



Distance 
from centre 
of throat 
in feet. 

Depth of water i n feet Point gauge reading 

Observa tion NO. 
3 	4 5 	6 

TeA No.1. Continued. 

e 	" 	 - 	 

1.00 Ij,e 	0. 51 36 	wave 	omeeexie,oemomee 	Xtlo. `NM. 4.0 

2.0 0.1450J. 

6.00 	0.6890 0.7800 0.9307, 1.:;186 1.1260 

PtissOhatise 01),' erya,tions.  

R = Dis— R a Di vs— 
Rise Time charge Rise Time che rge 

01=. in in in Oben. in in in 
o. Tank 

in 
feet. 

Mins. cuseos.= 
R  

No. Tank 
in 
feet. 

Mine. cusecc.= 

in 00 x 

Run 3o. (1) Run. Ti o . ( 2) 

1 1.120 6 0.482 1 2.86 10 0.738 

2 1.130 6 0.486 2 2.85 10 0.736 

3 1.870 10 0.483 3 2. 89 3.747 

4 1.860 10 

a 

0.486 4 2, 9C.. 10 

Wtan = 

0.743 

0.742 
cusl.ec.;7. 

0.485 
CUSeCe. 

Run N. ( 3) Run No. (4) 

1 3. 900  7 1.440 1 4.200 6 1.808 

2 3.885 7 1. 4 32 2 4.185 6 1.805 

3 3.910 7 1.494 3 4.205 6 1.810 

4 3.900 7 1.4.4 4 4.205 6 1.810 

Mean 1.439 Mean 1.808 
cusec. cueece. 
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N  	 

on 
Wodel chapel B. 

6 inche. 	Th 	gth 18 inches. 

Depth 	f water in feet = Po 	readings 

Qbaervation Uo, 
2 

4141111,011, 

Distance 
from coatre 
of tlarce,t 
in feet. 

lun ao. 	(1) di8charge = 0.470 ausec$3. 

5.00 U. 0.477 0.4758 0.5280 0.6429 0.8302 	0.9480 
2.00 	" 0.4691 0.4729 0.5231 0.6374 0.8302 	0.9480 
1.00 0.4359 0.4362 0.4957 0.6243 0.83.60 	0.9400 
0.75 0.3879 0.3889 0.4623 0.6047 0.803o 	0.9342 
0.50 	U 0.3222 0.3273  0.4270 0.6100 0.8042 	0.9338 
0.25 	U 0.2801 0.2864 wave 0.5928 0.8023 	0.9304 
0.00 0.2778 0.3049 0.4524 0. 6100 0.8023 	0.9304 
0.25 D. 	. 0.2860 0.3119 0.4375 .0. 60o 6 0.8023 	0.9304, 
0.50 	U 0.2526 0.3159 0.4676 0.6090 0.8023 	0.9304 
0.75 0.2261 0.3580 0.4701 0.6041 0.8023 	0.9304 
1.00 0.1919 0.3742 0.4500 0.6092 0.8063 	0.9304 
2.00. Jump " 4705 0.6119 0.8098 	0.9345 
6.00 0.2891 0.3725 0.4608 o. 610o 0.8076 	0.9317 

Alan (2) Mean di scharge = 0.734 au secs . 

5.00 U.3. 0.6386 0.6391 0.7201 0.8891 0.9984 1.1)70 

2.00 0.6365 0.6364 0,7201 0.8914 0.9071 1.0720 

1.00 4  0.594.6 0.5939 0.6962 0.8706 0.9795  1.0560 
0.75 0.5378 0.5378 0.6438 0.8421 0.9616 1.0390 

0.50 U 0.4555 0.4556 0.5955 0.8351 0.9736 1.0454 
wave 

0.25 0.3867 0.3951 0. 6o6c, 0.8455 0.9533 1.0372 
0. 00 0.3835 0.3772 Tomvu 0.8401 0.9657 1.0336 
0.25 0.3640 0. 3720 0.6240 0.8484 0.9547 1.0356 

0.50 ft  0.3350 0.3580 0.6047 0.8355 0.9598 1.0401 



 

Teat No. 2.oatinued. 

  

27 

      

Distance 
from °entre 
of trot 

feet. 

Depth of wtr in feet Po 

Observation No. 
3 	4 

gauge re ad rige 

6 

 

Run 1 o. 	. Oonti nue& 

0.75 D.3. 0.3002 0.3635 0.6196 0.8462 0.9576 1.0402 

1.00 " 0 . 2450 jump ave 0.8398 0.9606 1.0395 

2.00 0.0932J 0.8458 0.9635 1.0413 

6.00 H 0.3253. .0.3986 0.6401 0.8475 0.9655 1.0406 

un No.( )) ear 	dioherge = 0,974 C11800eJ. 

5.00 U.S. 0.7741 c). 7806 0.8390 0.8995 0.9755 1.0489 

2.00 	H 0,7741 0.7747 0.8351 0.9005 0.9740 1.0466 

1.00 	0 0.7248 0.7302 0.7961 0.8672 0.9396 1.0144 

0.75 0.6580 0.6669 0.7430 0.8152 0.9045 0.9922 

0.50 	H 0.5702 O. 5819 0.6638 0.7629 0.8662 0.9608 

0.25 	" 0.4927 0.5134 0.6415 0.7668 wve a wave 

0.00 0.4621 0.4908 0.7062 wave 0.9146 0.9645 

0.25 D. 0.4490 0.4945 eve 0.8026 0.8787 0.970 

0.50 0.4290 0.5160 0.7589 0.7672 0.8862 0.9879 

0.75 	H 0.4030 0.5215 0.6943 0.7856 0.9191 0.9757 

1 .00 Jump 0.7100 save 0.S3 7,  0.8954 0.9800 

2.00 3.5800 0.7320 0.8100 0.9108 0.9835 

6.00 0.4425 0.6077 0.7305 0,3130 0.9083 0.99c.-: 

Run No. (4) Mean, discharge 1.307 ouseo4. 

5.00 0.9459 0.9520 0.9626 0.9832 1.0425 1.0906 

2.00 " :1.9391 0.9616 0.9816 1.0415 1.090 

LOU 0.8903 0.8984 0.9327 0.9351 0.9946 1.0505 

0.75 H 0.8212 0.8318 0.8467 0.8717 0.9344. 0.9943 

0.5„.4 H 0.7154 0.7286 0.7521 0.7769 0.8585 0.9191 

0.25 0 0.6205 0,6418 0.6653 0.7049 0.8051 0.8954 

0.00 0.5731 0.5979 0.6313 0. 68 '.?4 0.8336 wave 

.25 D.S. 0.5)74 0.5750 0.6385 0.7090 wave 1.0456 

0.50 	" 0.5229 0.740 Q. 6547 0.7556 0.970 0.9302 



Distance 
from centre 
of throst 
in feet. 

Depth of water in feet 	;,'cint gauge readings 

Observation No. 
2 	3 	4 6 

28 
140.2 Oontiaud. 

Man iIo. (4) Continued. 

0.4789 0.5337 wave 0.779 (%9028 0.9383 

	

0.4053 wave 	W.. W.. 0. 8539 0.8862 0.9720 

1.5 Jump 

W.*** C 	C 	 0.93X 0.9685 

0.520c 0.6722 0.75' 3 0.8430  0.9339 0.9816 

Q.75 D.1. 

1.00 

1 
2.00 

6.00 

piecha 4 aerVA on:. 

         

 

AAA 

       

0.1.4,01  

       

R = 	t41 = 	Die- 	R = 
Rise Time charge 	Rise Time °he:1W 

nn, 	in 	in 	in 	Oben in 	in 	i it 
No. Tank Mine. cruseca.= No. Tank Ans. =Recs. 

in. 	. 	 in.  .rl-- feet. 	 feet. 	!,.1 x -- , rA.,) 

Run lo. (1) 	 R 	,;;o.„, 

1 	2.925 	16 	0.472 	1 	2.260 	8 	0.730 

2 	3.260 	18 	0.468 	2 	1.150 	4 	0.743 

	

Mean 0.470 	3 1.690 6 0.727 
ousecs. 

4 	1.133 	4 	se'r. 735  
Mesa• 0.734 

ousece. 

Run 4o. (3) 	awl mo. (4) 

1 	2.239 	6 	0.963 	1 	1.515 	3 	1.304 

2 	1.512 	4 	0.975 	2 	2.510 	5 , 	1.296 

3 	1.520 	4 	0.932 	3 	3.520 	7 	1.296 

4 1.512 4 .225 4 3.85 6 1,312  

'.ean at 0.974 	 Mean 	1. 3,7)7 
awooa. 	 cuzeo. 
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MIT o  

on 
Shape 0. 

Throat width 6 incher:. 	Throat length 18 inohen. 

--tence 
fi-%-)rn  cent 
of throat 
in feet.  

epth of water in feet = 'Point gauge reading's 
Qbivattort 1.4.o. 
2 	3 
	

cv"Z 

Run No. (1) Wean d Kohn rge: - 
for observation 1-r3= 0.475 ouseos. 

for obQ,ervations 4-6 z 0.567 
5.00 tL0. 0.4667 0.4716 0.5195 0.6143 0.6801 0.7819 
2.00 0.4667 0.4692 0.5183 o.6162 0.6832 3.7819 
1.00 0.422 0.4338 0.4915 0. 5896 0. 6611 0. 7672 
0.15 0.3836 0.3874 0.4555 O. 5512 0.6312  0.7483 
0.50 0.3181 0. 3208 0.4212 0.5224 0.6238 0.7544 

wave 
0.25 0.2796 0.2840 wave wave 0.63100.7w 
0.00 0.2790 0.2957 0.4480 0.5421 0.6201 C. 74 Cr- 

0. 2740 0.3089 0,3249 0.5345 0.6413 0.74 
0.50 	tf 0.2576 0.3035 0.4489 0.5,17 i.6264 0.7466 
0.75 0.2436 0,3567 0.4636 0.5640 0.6268 0.7466 
1. 00 0.2253 0.3830 0.4400 0.5232 0.6320  0.7466 
2.00 1.5 J. 0.3867 0.4681 0.5667 0.6400 0,759P 
6.00 0.2220 0. 3842 0.4618 0.5703 0. 6472 0.7587 

Run 30. 	(21 Mean diaoharge = 0.719 OUEISCE4, 

5. OZ: 	u.s. 0.6338 0.6337 0.6789 0.7872 0.852 0.9388 
2.00 0.6296 0.6314 0.6795 0.7864 0.8522 0.9400. 
1.00 0.5873 0. 5912 0.6443 0.714 0.8302  0.973 
0.75 0.2G7 0.5342 0.5935 0.7157 0.8012 0.9•0i.  

7' 0,8949 
0.50 0.4451 0.4513 0.5361 0.6940 0.7960 rave 

wave 
0.25 0.3894 0.3954 0.5415wlve 0.8135 0.6915 
0.00 0.3697 0.3849 *sive 	0.7109 0.7906 0,9077 



1 

D1.0,ance Depth 

T Ft Na. 	3 Oontinued. 

Point gauge  

5 

from centre 
of thront 
in feet. 

of wati in feet 

	

Olnery ti on 	Xo. 
2 	3 	4 

'Run tlo. ( 	) continued. 
0.25 L. S. 0.3655 0.3955 0.6141 0.7110 0.8126 0.8921 

0.50 	yi 0.3460 0.3985 0.5505 0.7344 0.7964 0.9000 
0.75 3.3130 0.4186 0.5359 0.76Q 0.7963 0.900C 

1.00 	a  0.2759 0.4675 0.5459 0.7079 0.8060 0.9000 

2.00 0.1123 J.&5096  0.6024 0.7436 C.8099 0.9116 

6. oo 0.3191 0.5150 0. 600c) 0.7331 0.3198 0.9100 

fhlrl No.( 3) g ean di sohlrge 1.095 =secs.. 

5.03 u. 0.8238 0.8266 0.8767 0.9457 0.9966 

2.00 0.8219 0.8245 0.8745 0.9430 0.9957 
1.00 0.77i1 0.7745  0.3233 0.8998 0.9597 
0.75 0.7091 0. 	7215 0.6725 0.8433 0.9067 
0.50 0.6105 0.6195 0.6729 0.7691 0.8451 
0.25 0.5259 0.5408 0.6100 0.7413  0.3383 

0.00 0.4915 0.5163 O. 6021 wave wave 

0.25 D.E, 0.4725 0.5109 0.6209 0.8500 0.9291 

0.50 	0 0.4550 0. 5300 0.%00  0.7957 0.6683 

0.75 0.4283 0.5200 wave wave 0.8570 

1.00 0. 3800 Jump 0.7691 

2.00 Jump 0.7700 0.9366 0.9204 

6.00 0.5142 0.6722 0.7706  o.(158 0.9377 

Run o. ( 4) Me3.n dlsobarge 1.310 ouseos. 

5.00 U.-. 0.9477 0.9)33 0.9597 0.9903 1.0526 	1.0983 
2.00 0.9442 0.9475  0.9567 0.9892 1.0523 	1.0978 

1.00 0.970  0.9010 0.9089 0.9411 1.0111 	1.0535 
0.75 0.8238 0.8280 0.8499 0.8802 0.9529 	0.9937 

0.50 0. 73 59 0.7252 0.7366 0.7855 0.8692 	0.9285 

0.25 o.675 0.6378 0.6527 0.7044 0.8265 	0.8962 

0.00 0.5735 0.5892 0.6104 0.6992  0. 860 k 	VIVO 

0.25 D.',  c'.535 0.5747 0.6038 0.7220 vt,ave 	1..0444 

34 



Distance 
from centre 
of throat 
in feet. 

	

De th of water in feet 	Point gauge readings 

Obeervation No. 
2 	3 	4 
	

6 

R 
Rime 
in 
Tank 
in 
feet. 

charge 	Riv,e 
in 	in 
cusecTz4.= Oben. Tank 
R x  1 - 	No. in 
x ‘,. 	feet. 

Oben. 
No. 

M = 
Time 
in 

= 
Tixe 
in 
Minn. 

Di 
charge 
in 
cusecs.= 
R x 

  

Ter t io. 	Continued. 

35 

        

        

4060.46.00 	 

Run No. 

0.50 '.a. 0.5268 0.5560 

0.75 0.4768 0.5391 

1.00 0.4280 Jump 

1,5 aump 

2. 00 	,460 .00 06. 

6. oc, 
	C.922 o.653 

(4) Continued. 

0.5980 0.7610 

0.6119 0.8162 

Jump 0.8610 

ow**410, 
	a.86cK1 

0.7509 0.8765 

0.9729 0.9856 

0.9162 0.9433 
0.8023 wave 

wave 

0.9444 1.0010 

0.9561 1.057 
46.4010010000006,660**4 

Di char a Obeervati ons  

Run No. 

1.115 4 0.720 

3.505 12.5 0.72/1 

3.315 12 	0.713  

Veen = 0.710 
cuseoP. 

Run No. (1) 

	

390 	13 	0.475 

2 	1.085 	5 	0.561 

3 	2.330 	10.5  Q573 

Mean of 2 . 3 = 0.567 
tratie0A. 

1 	3.685 

2 	3.060 

1.280 

Run No. (4) 

9 	1.056 	1 	4.070 	8 	1. 312 

7 	1.128 	2 4.050 8  

3 1.101  3 4.060 8 1.310 

	

Mean = 1.095 	4 	4.055 8 	1.310  
oufleos. 

Venn e 1 . 310 
ousecFJ. 

Run o. (3) 
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etence 
from crtr  
of thro.kt 
in feet. 

• Depth of wet 	in feet 
Obee rvi ti on No. 

3 	4 

n 	5,E uge? re adt 

6 

6. 0.(1. 0.2269 

3.00 U.  0.6335  
P. 	* 0.6304 

00 05978 

75 0.5613 
0.50"491,.. 

0.25 	0.4034 

40 

110.,  
on 

Model $haroe 	D. 
Throat width 6 1 wile. Throt lentb 1 iro)ee 

   

3.00 V.I. 0.4445 
2.00 0.44.1'5 
1. 'A 0.417 

0.75 0.3579 
0.50 0.3251 

0.25 0.2621 
0.00 0.2.484 
0.25 D.'7. 0.2630 

0.50 	4  0.2440 

0.750.2088 
1.00 0.1758 

1. 75,1wrip 
2. Or.,) 

Run Ito .(1) Mean dioharro .0 0.427 OUPOCS. 

0.5943 o.66 
0.5943 0.6356 
0. 5854 o.6284 
0.5702 0. 6160 
0.5447 0.6085 

wave Nave 
0.5552 O.6OO3 
0.5718 0.6038 
0.5559 0.6080 
0.5652 ,). 6050 
0.5523 0. 6050 
0.5602 o.6105 

0.5602 o. 6100 
0.5D2 0. 6100 

0.6345 0.6424 0.6953 0;637 0.6305  
0.4316  0.(374  0.6932 0.7628 0.8300 
0.5994 0,6073 0.6679 0. 74:. 5 0.9115 
0.E564A 5718 0.6375 0.7134 0.7862 
v.4908 0.5014 0.5772  0.6699 0.7A87 

4. 5" 0. 6542 
0.4097 0.4239 0.5349 Five 0. r80 

0,44a1 0.4855 0.5110 0.5619 
0.4450 0.4855 0.5110  0.5b19 
0.404 0.4668 3.4964 0.5510 
0.3352 0.4598 0.4766 0.5309 
0.3275 0.393 0.4409 O5067 

50, 3B22wave wftve 
0.2638 wave C . 4779 045245 
0.2565 0.4306 0.4513 0.5226 
0.2850 0.4036 0.4656 0.5226 
0.265 0.4036 0.4627 0.5162 
0. 3215 0.4300 0.4479 0.5162 
0. 3515 0.407b O.4$B 0,5142 

0.3458 0.4252 0,4600 0.5132 
0.3300 0.4212 0.4486 0.5Q5 

Run 4a. (2) Mean 1ie(..1.1.erge 
for observmt tone 1-4 • 	0.724 ouseos. 

5-7 	o,681 ourece. 

9003 
0.6999 
Q.8847 

8645 
0.8372 

wavo 
0.8501 



Distance 
fro centre 
of throat 
in feet. 	1 

Observation No. 
2 	3 	4 	5 

Depth of water in feet = Point gauge readings 

7 

   

Test No, 4 	Continued. 

  

4,  

       

Run No. (2) 	continued. 

0.00 0.3571 0.3630 0.3932 0.6200 0.7074 0.7643 0.8463 

0.25 D.S. 0.3575 0.367 0.4221 9.6256 0.6784 0.7751 0.8522 

0.50 0.3682 0.3648 0.4691 0.5788 0.6805 0.7756 0.8947 

0.75 	H 0.3086 0.3487 0.4762 0.5662 0.6963 0.7607 0.8565 

1.00 0.3409 Jump 0.5217 wave 0.6848 0.7657 0.8490 

2.00 0.0899J.0.4100 0.4975 0.6000 0.6848 0.7765 0.849c 

6.0o 0.3255 0.3976 0.5061 0.5848 0.6987 0.7710 0.8490  

Run ATo.(3) Mean discharge = 1.005 cuceos.  

3.00 U.S. 0.7958 0.8120 0.8271 0.8517 0.8765 0.9346 0.9875 

2.00 0.7902 0.8062 0.82L0 0.8502 0.8737 0.9390 0.9875 

1.00 0.7536 0.7751 0.7911 0.8164 0.8735 0.9065 0.9646 

0.75 	U  0.7184 0.7363 0.7525 0.7843 0.8086 0.8810 0.9359 

0.50 	if  0.6363 0.6615 0.6803 0.7133 0.7409 0.8218 0.8536 

4" 0.8565 

0.25 0.5376 0.5675 0.5923 0.6417 0.6756 0.7752  wave 

1.5"0.6658 

0.00 0.4686 0.5154 0.5456 0.6244 wave 0.9285 

0.25 D.S. 0.4412 0.5300 0.6062 wave wave 0.8625 0.9088 

0.50 	ff 0.4237 0.5570 0.6500 0.7841 0.7949 0.8240 0.8841 

0.75 0.4094 0.5800 0.6775 0.752') 0.7306  0.81 5" 0.8935 

1.33U 0.3256 wave ave 0.6869 0.7231 0.8370 0.9111 

1.5'(0.1847)J. wave 

2.00 	• 	• 0.6123 0.7000 0.7266 0.7661 0.8400 0.9078 

it 6.00 0.4579 0.6335 0.7012 0.7218 0.7637 0.8/00 0.9051 

Run 	(4) 	Mean discharge = 1.418 cusses. 

3.00 U.S. 1.0029 1.0232 1.0601 1.0858 1.1396 1.1726 1.247,1 

2.00 " 0.9983 1.0192 1.0546 1.0821 1.1342 1.1707 1.2446 

1.00 4  0.9581 0.9797  1.0175  1.0457  1.1014 1.1381 1.n155 



Tet No. 4 Continiv,d- 

42 

Distance 
from c entre 

Døptb f water in feet 	'Point gauge readirTs 

3f throat Observti. on 	N. 
In feet. 3 6 

()anti nuod. 
0.75 U.S. 0.9166 0.9401 0.9815 	1.0080 1.0660 1.1060 1.185,2 
0.50 0.8233 0.8581 0.9052 	0.9388 0.9974 1.0385 1.1249 
0.25 0.71G1 0.7455 0.8031. 	0.8407 0.9185 0.9684 1.0714 
0.00 0.6224 O. 6657 0.7446 	0.8139 0.9035 0.9684 wave 

1.5 0.7421 wave 

0.25 D . 3 0.5724 0.6398 0.7603 	0.8378 0.9850 3.1818 
0.50 0.5526 0.6420 0.8037 	wave 1.0682 1.0976 1.1503 
0.75 0.5046 wave 0.8357 	0.9288 1.0222 1.0361 1.1207 
1.00 0.4637 wave 	rave 0.9772 1.0235 1.12)7 

1.25 Jump wive 

"--- 1.0603 1.1400 
0.6168 0.7449 0.8963 	0.9439 1.0040 1.0582 1.146') 



est o. 4 Oonti nued.

Dl s ch nr ge Ob e r

= = Di s- R
16 T1 e oh r i e

i n 1n 1n i n
Ob n , Tank i n ,• ouseo .= Ob n. Tank

No. ln ~ ~ g§5 No. ln
fa t. f

Run No. (1 ) un No. (2)

, 1. 000 6 0.428 1 1. 395 5 0.7 2...

2 . 985 6 0.423 2 . 210 8 0. 718

3 1. 135 7 0.4 8 3 1'.705 6 q·Z'3
4 . 680 4 0. 439 e n '= 0. 724

eus 0 •

5 0.830 5 0.427 4 1.835 7 0. 677

6 0. 660 4 .Q.dg.z 5 1 .060 4 0. 685

f· an =0.427 ,.an = 0 . 6 1
eu e • .ueeos.

.' ,"o• ( 3) Run fO e (4)

1 1. 940 5 1. 001 1 3. 305 6 1.4.21

2 1.935 5 0.999 3.860 7 1.421

3 1. 95 5 1. 0 7 :3 3. 280 6 1. 410

4 1.945 5 1. 005 4 3.285 6 1.415

5 1. 570 4 1 . 1 2 5 1.655 3 1·421

ean :: 1. 005 Me n = 1.418
OU B e s , ou seca ,



.111111MI . m  
■  • 6■ LI:  I  ..u•••• 

MN am MI  MEM.  Warnli 1.1111  

Milt2.st- 
...raraLarii 

au 	Cm= 







. 	
: 

I
 	

 . 	
: .

.
.
 

.
.
.
 

• .. 
= 	

: . 

4
7

 

M
a
l
 
 

 
1
0
1
 

.
1
.
.
1
1
 
M
ir
 
O
M
M
I
 
E
n
 
I.
 te
 
i
'
 
.
1
:
"
 
'
 
I
A
 
'
 
"li
r
 

giggglAgg..... 

	

.
.
.
 
.
5
.
 
I
g
l
 
0
.
1
 
i
l
 
A
 
I
.
 	

1 1  
l
i
b
 

a. 

11111111 g 
•
 
.mnplu • 	

1 In 

illillnliiii °E 111  
1
1
1
1
1
1
9
 
V
I
 11 1  III 

fl  in 	
Illjerw

riffnaremmiles 0°
  „0.ndEll 1  ---111111  -- 

1101110111  :4111101111111111111R
11

1
11  

	
 

W
U

 ?
M

O
M

 
•
 

it  Iiim
illiaralialli 

illiii, 
r-,--t. t-i 

r  
I
 
;
 	

I
P

:
 
4

1
 
1

1
1

1
1

1
1

0
1
1

1
1
.
9.1

1
1

1
1

0
1

1
1

1
1

1
1

1
 
	

:
 	M  : ....  . K

 
	
I
:
:
:
 
..
.
 
' 

A
i
r
e

.
 
I
 
i
l
l
W

i
e

.
.
 

J
A

I
!
 	

2
2

1
"

i
1

1
1

 	

, •  

	

,areallem
...kubdrwiiiim

•L 	IP:h.i: .. 
grillin PiliplippRIm

m
ikuropp "

gr. LI 
...1., 	

-... ... ..:42..!;;;;;... ........,. .... 1.1:: 
I
  
a
m
 

4
4
4
4
 

kg 11
9
1
4
1
1
111  

1
1
1
1
:
76111

1
1111

1
111 I li, 1° 111,J

  
•
 
I
 

ralgi
'"'•„.nights.74 1•116,ivnellimmu

m
  . 	

,,.,,impili.. 4 
simmwommilmi,m 

M
tn

 M
O

R
N

m
m

o
n

 

I
I
I
I
 
U
l
d
i
e
l
,
i
 
i
l
l
 	

PP 	

11111  , 
 

	
Spl illilii11911111 1111! 

ii 0.°10FmlIfi!
 
	

0 0 

4
I 

11  

. 	
. 

1111 

1111 

	

	
qtapilm

um
priehdEFE ninum

eg 
lim

illib
lighlramithimem. 
I
I
 
P
i
k
 
I
I
I
:
4
4
1
M
 

1
1
1
1
1
1
1
1
1
1
0
1
0
1
P
 

M
 S

-M
.  O

M
 

In

dill

EX  

M
O
M
 

E
U
 

, 
I
l
l
e
i
l
l
m
a
i
l
l
u
m
  1

1
1

1
1

1
1

1
1

1
1

/
1

1
•

I
I
I
I
I
I
K

O
M

M
 

l
i
 
I
I
I
I
N

I
I
I
I
I
I
I
I
I
I
I
/

M
i
l
l
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
l
l
:
 
•

 

	

!IN:
 

 __ „
M

..: M
ra

ll:I
O

R
M

O
I
M

I
M

M
E

M
U

M
 	
P
I
%
 
•
 
I
.
 

 

II 
BM

: m
iliiiii" 	'111.:1  

1  ei  ...  
	1:::: -• 	

1.1.:::::  1 • 
Eriiiiiiiii ill 'I • illiiiippill191111111ligfiliiiiiiiii  

"1":"""ill" 	
""4"1911111111111:: iiiii. 

1E4 	
Im

p
ro

r::: mmmmm min  ell • :e 
i
 
A
 
i
l
m
i
l
i
t
i
l
i
s
s
u
e
 NI  

turifiq: wall+ •-:::111.16... 	
q
hmg    

.1 
'a

.
 

L 
	I se TM

 :I husraihdnichlrunrIlirrrnii- 1  71: 

	

,,, :. 	
.. .... 	 • 

...%
„.... , , 

.
_ 	

. : 	
:. 	

. ... MMMMMM •
•
•
•
•
•
•
•
•
•
 
•
•
•
•
•
i
r
 
:
 

M
. 	

•
 
I
I
I
I
 
L
,
,
,
1
1
1
4
1
1
1
1
1
1
1
1
1
1
1
1
  

	
EIMBILL..---  MM 11111:iiiiiiii..  .11111111111111111-

1------43111  

:E
E

L 
""illifa

n
g

 •
 LI 	

 
ons

.
s
u
m
m
u
m
ullimismiL 

m
ungime  
•
 

1
1
•
•
•
•
•
 
•
 
•
•
•
•
•
•
 	

I . . 

E
l
l •
I
I
I
I
I
M
I
I
I
I
I
I
I
M
i
t
 

	
I
I
I
I
I
IM

"
  

.
.
.
.
.
.
.
 

	
.1

B
 •

 M
I
 E

N
 M

E
 

1
1
 
•
 

S. 	
trt 	

*Z" 11-1 Ni W
-
Z
 6•41 	

H
J0

1
.3

C
7

 

■ ■ 

—11 

•
•
 

.
.
.
 

• 

44 .. 
M

P
&

 
M

E
 	

.M
M

.M
.S

iim
n

IM
M

E
M

..1
1

11
1
1

  I
M

M
O

 
p

il
li
i
i
i
i.
  •
 M

M
I
 M

I
1

 I
M

E
M

 
n 

mielili gli  II' 1 
RE 	

 
...I

I
I
 m

ile
re

a
lit

ill  E
l E

ttE
E

T
IE

I In
E

E
E

E
F:  •. 1

1
1

1
1

1
1

1
1

0
1

1
 .

lG
 

S
IR

M
IM

M
 	

1
1

0
:M

E
 

%rill 

1
1
1
1
1
1
r
a
I
I
I
I
I
I
.
4
  
I
I
I
I
I
M
M
.
.
S
I
M
O
V
I
M
A
L
 

R
I
 1..111i:1 	

j--  - 	
11..rn 
.%, 

im• 	14
  M
i
l
i
t
i
n
g
g
i
g
l
i
g
r
d
i
g
n
i
k
a
r
 

1.-.1bah.3 
•

•
•

•
•

•
 	

S
O

O
N

 I
I
 •

 A
 I

M
M

O
 E

M
E

 	
.. 	

M
N

 1
.:1

1
1

 
I
M

I
I
.: •

 
S

E
 	

1M1 
K

U
M

 

w. 1111111,11 1401111 	
• 

annE
E

M
IE

M
E

M
E

 
...A

T
I  E

h
.  
	 

M
.. 	

IM
M

O 	
IM

M
.E

M
.S

1
1

...1
0

1
0

....1
1

 
EM

O
M

M
IM

M
M

E 	
I
I
 
	

 
M
a
 
•
 
	

 

• 
. 	

W
U

N
IM

M
Thm

••• . 	
il  
	

 
1

1
1

M
m

m
 
	

M
E

 	
M

a
n

 N
U

 
-1 

4
_
 

II 



Di t. zee 
from centre 
of throat 
in feet. 

Depth of water in. feet 14 7i.'.7-raint gauge 

Observa ti 	;1,o. 
3 
	

4 
	

5 

readi np.7s 

7 

  

No.  

  

413 

 

on 
Model. Shape J. 

Throat width 6 inche Thr. t i2fl th 2 inohe. 

 

      

di echarge 	0.461 r1".13POS. 

0. 5914 0. 6277 
0.5914 0.6277 

0.5544 0.5940 
0.5332w 0.5821 

4.00 U.S. 
2.5  

1.0 
0.77  
0.50 
0..25 

.cy,-) 
0.25 D.3 
0.50 
0.75 
1.00 
2.00 
6.00 

Run ,;o. 

0.4694 0.4830 
0.4679 0.4818 
0.4064 0.4254.  
0.3300 0. 3554 
0.2894 0.3362 

0.2735 0.3667 
0.2761 3.4256  
0.2716 0.3810 

0.2302 0.3424 
0. 2648 0. 3407 
0.2514 0.3630 
0.0900J 0.3765 
0.2641 0. 3824  

0.5309 
0. 5287 
0.4828 

0. 4380 

4728 
0.4481 

0. 4641 
0.4641 

0.4445 
0.4533 
0.4638 
0.4660  

0.5639 
0.5636 
0.5207 
3.4889 

3.4985 
0. 5133 
0. 511.6 

0. 4945 
0.51.51 
0,5016 
0. 5172 
0.4996  

0.5383 
0. 5461 

0. 54,04 
0. 5454 

0.5374 
0.5488 
0. 54.60 

0. 5446  

591C.  
0.5787 

0.5864 
0. 5800 
0. 58r 
0.5880 
0. 5800 
0.5800 

0.4523W 0.5226W 0.5504 0.5841 

Run %ID. ( 2) Mena di r:cha rge 	O. 660 cu sec e. 
0.6021 0.6267 0 . 6473 0.671, 4 
0.6020 0.6266 0.6413 0.6714 
0.5316 0.5618 0.5802 0.6202 
0.4589 0,4956 0.5219 0.5644 
0.3793 0.4485 0,4846 0.5630 
0.3573 0.4633 0.5396 0.6204 
O. 3460 0. 5448r,4  . 5799 0. 5936 
0. 34 32 0.5424 0.5297 0.5643 

0.3333 0. 4860 0. 5027 0.5768 
3086 0,4654 0.5153 04'56 

0. 2879 3.4654 0.5407 0.5929 
0.1127J 0.4711 0.5456 0.5746 
0.3060 0.4932 3.5434 0. 5809  

0.7049 0.7533 
0.7049 0.7500 
0.6574 3.7060 
0.6048 0.6632 
o.633ut 0.7044w 

6534 0.6877 
0. 6173 	67..F 
0. 157 0. 7cY.2 
C. 6390 0. 6835 
0. 6280 0.6758 
o. 611. 	0 6958 

0. 6397 0.6857 
0,6323 3.6847 

4. 00 
2.50 
1.00 
0.75 

	

0.50 	Pt 

0. 2- 
. 00 

	

2 - 	• tl • 
0.50 

0.75 
1.00 
2.00 
6.00 



Di tance 
from centre 
of throat 
In feet . 

	

4. 	408243 

	

2. 50 	0.8207 

2.0 .814() 

1.03 0.7411 
0.75 0.6614 
O. 50 O. 5608 

O.  0.4931 

0.00 0.4840 
0.25 	* 0. 4474 
0.50 	Itt 0.4574 
0.75 0.4363 
1.00 0.3993 
P. 00 Side 

6.00 0.4103 

4.00 U. 	. 1.0120 
4̀,•  .• PO .  1.0101 
2.00 1.0.018 
1.00 0.9222 

0.75 0.6369 
0.50 0.7213 

0.25 0.6351 
0.1)0 0.6123 
0.25 D. 	. 0. 58 30 
O. 5.0 0.5624 

'Rose to 0,6248 440. 704', 
0.5329 0.5480 0.8390r wave 	Itrore. 
Rose to 0. 601,2, 
0.5115 
0.5132 

0.5250 

0.5356 
0.5660 0.6730 0.7464 0.8123 o.SSoo  
current 0.6834 0.7631 0.8245 0.8840 
O. 6116 0.70)0  0.7631 0.8245 0.8940 

Run rio. (4) Mewl di WAR rge = 1.449 (n 
1.0293 1.0434 1.0507 1.0936 1.1700 
1.0276 1.0392 1.0479 1.0928 1.1690 
1.0205 1.0340 1.0424 1.0863 1.1637 

0.9437.  0.9574 0.9683 1.0158 1.0993 
0. 8618 0.8753 0. V,58 0.9391 1.0316 
0..7493 0.7711 0. 7803 0.8460 0.9620 

0.9563 
0.6723 0.7013 0,7146 0.8266 0.9700 
0.6645 0.7367 0.7255 0.8356tx wave 
0.6624 0.7169 0.7497 W V -2.0 1.07 

0.6719 0. 7616 C.79&) 0.9790 1.0372 

40 
Trt 5. Clontinu(d. 

Der,th of Irate in f'” t 	Point gauge readingse 

2 

41.2/1 

e rye ti on No.. 
3 	4 	5 

:Mean di soh rge1.064 

6 7 

=sena. 
0.8283 0.8513 0.9042 0.9354. 0.9690 0.9867 
0.8245 0.8513 0.9019 0.9342 0.9690 0.981,  
0.8211 0.8458 0.8999 0.980.9661 0.9827 
0.7476. 0.7730 0.8346 0.8713 0.9107.  0.9270 
0.6700 0.6970 0.7656 0.8071 0.8479 0.8633 
0.5724 0.6017 0.7093 0. 7( '0 0.8187 0.8412 

0 9 

0.5945 
o.825 

Oontin- 	0.8590 0.8939 0.9048 
uous 
guise 
due to 
side 0.7631 0.8014 0.8510 0.8761 
current 



CAstence 
fro c entre 
of throat 
in net. 

Depth of 1*ter in feet Point gauge readings 

Observation co. 
3 	4 
	

6 

4 	Die-
Time ()barge 
in 	in 
ins. ousecl).= 

R x 

R = 	M 
Rille Time charge 

)ben. in in in 
No. Tank'Amp. o&0, 

In 	R x  
feet  

A m 
Rise 

Oben. ire 
Mo. Tank 

in 
feet. 

     

Test 5. continued. 

 

5o 

         

0.75 D.S. 

Run No.(4) Oontin-led. 

0.6800 	0.7716 0.8352 

1.00 " 0.4963 0.7150 0.8676 0.905  

2.00 0.3700J 0.7800 0.8169 0.8416 

6.00 0.48o,  0.86 6 0.8783 

0.9615 1.0166 

0.9222 1.0149 

0.9534 1.0160 

0.9461 1.0277 

 

Pilarg.e'.9!.)0.P.r90.st 

 

     

1 

3 

4. 

6 

1 

2 

3 

4 

wean , 1.o64 	pi 
cuseos. 

Run Ao. (1) 

3.76 21 0.462 

1.95 11 0.457 

1.62 9 0.465 

= 0.461 
cu$ece. 

Mtn No. (3) 

1 2.890 7 1.066 

2 3.280 8 1.058 

3 3.720 9 1.066 

4 3.295 8 1....Q6c.  

Run No. (2) 

2.26 9.  

2.32? 9 0.667 

1.217 5 0.63°- 

1.050 4 0.67.9 

1.025 4 0.663 

2.075 8 0.r.;68 

en = 0.60 
ouseos. 

Run No. (4) 

3..9c- 7 1.440 

2.790 5 1.440. 

2.830 5 1.462 

2.830 5 141,452 

2.790 5 71.44 

4ean 1.449 
cueece. 
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. 
on 

:od fl. S.lhaDe 
Threat width 6 inches. 	Throat length 18 inches. 

ft tanee 
from o entre 
of throat 

femt. 

3.00 U.S. 
2. 00 
1.00 
0.75 

0.50 
0.25 
0.00 
0.25 D. S. 
0. 50 	0 

0.75 
1.00 
2.00 
6.00 

Run No. 	(1) 

	

0. 4046 	0.4191 

	

0.4007 	0.4191 

	

0.3558 	0.3836 

	

0. 303 	0.3479 

6.5q 

	

0. 2624 	0. 3271 

	

0.2436 	0.3633 

	

0.2490 	0.3540 

	

0.2455 	0.3362 

	

0.2387 	0.3362 
02443 	0. 3544 
0.2348 	0.3635 

10111.411.014,11. 0.3727 
0.2764 	0.3700 

Mean di 2oharg.4e a 0. 375 

	

0.4639 	0.5057 	0.5382 

	

0.4670 	0.5017 	0.5387 

	

0.4372 	0.4773 	0.5151 

	

0.4124 	C. 4571 	0. 5031 
0.4077 8" 0.4565 

	

0. 4174w 0.4731 	0.5113 

	

0. 4113 	0.4501 	0. 5211 

	

0.4136 	0.4693 	0. 5020 

	

0.4233 	0.4554 	o. 5005 

	

0.4087 	0. 462  6 	0. 5071 

	

0.4046 	0.4570 	0. 5009 

	

0.4759 	0.4705 	0.5043 

	

0.4341 	0.4715 	0.5129 

	

0.4325 	0.4681 	0.5100 

eue,ect;. 
0.5730 
0.5748 
0.5556 
0.5467 

0.5467 
0.5476 
0.5440 

0.5433 

0. 5433 
0.5427 
0.5414 
0.5527 
0.5530 

0.6187 
0.6175 
0. 6013 
0.5903 

0.5894 
0.5894 
0.5930 
0.5911. 
0.5900 
0.5900 
0. 5900 

0.5984 
0.5980 

Run No. 	(2) rge an d charge * C.699 cuseo . 
3,00 11.,3. 0,6249 0.6266 0.6340 0.658 0.7774 0.76 . 	75 
2.00 0. 6197 0.6226 0.6311 0.6431 0.7258 0.7614 0.8333 
1.00 1 0. 5602 0.5631 0.5724 0.6076 0. 6805 0. 7222 0.7991 
0.75 0 0.5038 0.5049 0.5193 0.561i 0.64w 0.6963 0.7749 

0.7690 
0.4293 0.43330.4526 0.5140 0.6165 0.6747 0.7788 

4.5's 0.5049 
0.25 O. 3031 0.3890 0.4122 0.5140 0.6722 o. 7311 0. 7826 
0.00 o. 3677 0.3827 0.4243 0.5990 0.6583 0.68o 0.7758 
0. 25 1).S. 0. 364-F 0.3913 0.4910 0.5990 0.6256 0. 	14 0. 790- 

th of water in feet Fotht auge rear nge 
Obstervation o. 
2 	3 	4 	5 	6 	7 



SG 
Test No. 6 Oontinued. 

Distance 
from centre 

Deb of water in feet = Point gauge readings. 

of throat 
ill feet. 

Observation 
1 	2 	3 

No. 
4 5 6 7 

Run Mo.(2) 	0ontiauP-1. 

C.? -).0. 0.3541 	0.3902 0.5428 0.5411 0.6256 0.7000 0.7707 

0.75 0.3155 	0.4047 0.5315 0.5168 0.6515 0.7006 0.770,  

0.2514 	0.4445 0.5100 wave 0.6575 0.6780 0.7962 

(0.4590R)(0.5100R) wave 

(0. 39620 (0.47600 

2,00 0.1105J 0.5020 0.5453 c.5864 0.6734 0.7125 0.7063 

6.00 " 0.3233 	0.4912 0.5360 0.5832 0.6749 0.7325 (1.7935 

Run No. 	(3). Mean dischar-e = 1.126 cusecs . 

3.00 13.0. 0.8584 	0.3646 0.8725 0.8977 0.9313 0.9625 1.0173 

2.00 It 0.3525 	o.8572 0.8660 0.8909 0.9300 0.9575 1.0149 

1.00 Ts  0.7852 	0.7870 3.7978 0.3269 0.8691 0.9019 0.9657 

0.75 li 0.7166 	0.7341 0.7357 0.7713 0.8147 0.8499 0.9186 

0.50 !I 0.6296 	0.6363 0.6516 0.6932 0.8465 0.7926 0.8762 

0.25 ss 0.5557 	0.5656 0.5869 0.6432 0.7136 0.7796 0.8855 

0.03 0.5146 	0.5323 0.5603 0.6587 0.7580 0.8400 0.9800 

0.75 D.0. 0.5041 	0.5323 0.5715 0.6917 wive 0.9100 0.9368 

0.50 ft 0.4939 	0.5184 0.5944 0.7347 0.8532 0.8607 0.8871 

0.75 , 0.4503 	0.5046 0.5956 0.7381 0.7952 0.8094 0.8044 

1.00 0.3889 	Jump rive 0.7980 wive wave wave 

2.00 

6.00 

1.5.Jump 

ft 

td 0.5522 0.6230 

AIM 	•••••••••• 

0.7153 

wave 

0.7990 0.3300 0.8724  

•••• 	••.• 

0.9433 

Run Io. 	(4). eari di charve = 1.425 cusecs. 

3.00 U.3. 1.0008 1.0351 1.0191 1.0391 1.0821 1.1000 1.1460 

2.00 0.9941 0.9994 1.0133 1.0338 1.0789 1.0973 1.147 

1.00 a 0.9182 0.9244 0.9425 0.9623 1.0100 1.0345 1.086() 

0.75 0.8515 0.8552 0.8745 0.8995 0.9513 0.9753 1.0314 

4  0.7554 0.7632 0.7843 0.8082 0.8793 0.9064 0.9675 



57

Test ~o. 6 Cont i nued .

_ _ _ _ __ _ _ _ ,__._-it .._.~._,...__. .,,_... ......~...""__,_._.._. ,_ _ .. . _

Deptbof water in f ~;I ~ t .. Point gauge r ea,dtngs

- --------- --------_._--...:..-.. ,------

Distanoe
f romcen t:re
of t hroat
i n feet. 1

Obsor vation No ..
2 :; 4 5 6 7

Run t~o . ( 4 ) Cont 1. nu !i)d .

0.25 n.s. 0.6685 0. 6776 0 . 7064 0. 7407 0.8277 0. 8745 ().9393

1. 51. 0.8197

J .()O 0.6143 0.6263 0.6694 0. 7186 0.8314 0.. 8892 0.9971

0.25 D.S. 0.5884 0.6060 0. 6747 0.7467 0.9060 0.9588 ~ . o8oo

0 .. 50 ,.,

0. 75 jI

() .5693 0 .. 5918 0. 6742 0. 7693 0.9294 1 . 01CiO 1. 05515

0. 5442 0.5710 0. 68)8 0. 7858 1 . 0000 1. 0023 0. 9954

wnve wave

1 .. 00 tl

2 . 0 0 ~l

O.4900,J wave 0. 960" wave

1. 5' wave

6. 00 II 0. 6559 o. 71 66 0 .8200 0.8973 0.9819 1. 0058 L 0612

,
\ \
\ \
" \



T No 6 Continued4 

Obeery 	one  . 

re.444.1. 

= 
oe 

sbn. 
Tenit 
In 
feet. 

Ti 	ob rg 
ir i 
inns. ousece. = 

M x 

Rise Time charge 
Oben, in in in 
119. 	Tink Mins. Ousece. 

in  
feet . 

Run N 

1 	0.870 	6 	0.375 

2 	0.870 	6 	0.375 

3 	3.865 	6 	0.373 

4 	0.860 	6 	0.370 

5 	0.735 	5 	0.380 

6 	0.725 	5 	0.375 

7 0.725 5 zm 

0.375 
louses: 

Ilan No. (2) 

3.195 12 0.685 

2 	3. 310 	12 0.713 

3 	2.470 9 0.710 

4 	1.850 7 0.685  

0.699 
auseca. 

tionn 

Run No.(4) Run No. ( 3) 

1 	3.935 	9 	1.130 	1 	3.305 	6 	1.424 

2 	3.960 	9 	1.136 	2 	3.315 	6 	1.426 

3 	1.735 	4 	1.124 	3 	3.890 	7 	1.433 

4 2.375 5 1.124 4 3.290 6 1,417  

5 	1.725 	4 	1.1“-- 	 kfvan .. 1.425 
=seas. 

b:iean 1.126 
cruse° 	 , 
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63 

on 

Modal Shane F. 

Throat 	 dth 6 incheEi. 	Throat leagth 18 inche2, 

from centre 
of throat 
in feet. 

Depth of water in feet 	?oirtt gauge 

Observntion 3o. 
3 	4 	5 

nda 	'Or 

Run 4o. 	(1) 	Mean discharge =0.417 

readings 

7 

cue. 

3.00 	IT.S. 0.4324 0.4476 0.4974 0.5413 0.5704 0.6184 0.6461 

2.0 	H  0.4298 0.4447 0.4967 0.5413 0.5698 0.6184 0.6461 

1.0:3 	r+ 0.3828 0.4032 0.4628 0.53.56 0.5463 0.5979 o.6767 

0.75 0.3371 0.3608 0.4356 0.4983 0.528' 0.5867 0.6133 

8s 0.4925 890.5271 

0.5J 	tt 0.285, 0.3244 0.4212 3.4986 3.5417 0.5945 0.6193 

0.25 	rf 0.2603 0.3477 0.4594 0.4891 0.5225 -5942  0.6191.  

0.0r) 0.2630 0.380 0.4246 0.5032 0.5330 0.5867 0..6159 

0.25 D.Z. 0.2670 0.3645 0-4443 0.4981 0.5283 0.5901 0.6138 

0.50 0.2449 0.2363 0.4457 0.4966 0.5349 0.5873 0.6183 

0.75 	" 0.2452 0.3301 0.4169 J.5306 0.5271 0.5863 0.63.83 
H 3.239S wave 0.4665 0.5127 0.5382 0.5961 0.6183 

1.21  Jump 

2.00 oao 0.3803 0.451.5 0.5131 0.5454 0.5986 c,.6282 

4.00 0.2900 0.3813 0.4575 0.5150 0.5417 o.60oo 0.6284 

6.00 0.2900 0. 3810 0.4575 0.5124 0.5417 0.600o 0.6255 

Run No. 	(2) 	Veen dir,oharge = 0.783 cuneca. 

3.00 U.C. 0.6715 0.6803 0.7230 0.7467 0.79853 0.8797 0.9312 

2.00 	" 0.6693 0.6765 0.7208 0.7456 0.7946 0.8781 0.9276 

1.00 0.6346 0.6182 0.6696 0.7000 0.7518 0.8430 0.8960 

C.75 0.5504 0.5633 0.6232 0.6548 0.7109 0.8130 o.8721 

0.50 0.4733 0.4929 0.5732 0.61y- 0.6819 0.8093 0.8709 

3.25 

o.c,) 

0.4185 

0.3969 

0.4517 

0.4527 

0.57, 

0.6455 

0.6767 

0.7077 

3.7700 

0.7344 

0.8468 

0.8067 

0.8864 

0.8715 

0.25 D.E1. 0.3969 0.4898 o.63co 0.6702 0.6937 c.8177 .8Loi 



Tect o. 7. Gontinuo?, 

   

G4 

       

•AI! tanoe 	Depth of water in feet 	point gauge readings. 
frorn cent e 
of throat 	 Qbaervation 
in feet. 	 3 	4 

	 6 

Run No.(2) Gontinued. 

0.50 D.,. 0.3818 0.5089 (.6056 0.6202 p.6973 0.8329 0.8735 
0.75 * 0317 0.5370 0.5656 0.6214 0.7153 0.8098 0.8735 
1.00 0,2613 0.5539 wave a wave wave wve  0.89;5. 

2.00 0.1302J 0.5856 0.6474 0%6826 0.7334 0.8378 0.8952 
4.00 .... ____ p.6532 o.6800 0.7426 .$384 0.8943 

c. 337C 0.5883 0. 650.:) 0. 68(r 0.7424 c.8433 0.8970 

Run (3) Mean diecharge = 
v'or obeerwitione 1-4 

.. 
1.035 cusece. 
1.095 cuceos. 

3.00 	U. F:0' . 3.9057 0.5167 0.8378 0.8821 0.9355 0.9629 1.0570 
2.00 	44 0.7990 0.5129 0.8329 0.8821 0.9323 0.9803 1.0569 
1.00 0.7327 0.7477 0.7684 0.8320 0.8798 o.9348 1.0112 

c)-75 0.6731 0.6874 0.7144 0.7767 0.8251 0.8362 0.9692 

0.50 0. 5677 0.6054 0.6390 0.7181 0.7697 0.8436 0.9431 
, 	 ,- ,. 4, , , 5_79 0.5438 0.5954 0.7003 (1.7588 0.8566 0.9765 
0.00 0.4795 0.5252 0.5931 ..... .___ 1.0012 
0.25 0.8. 0.4674 0.5289 0.6470  0,8238  0.8704 0.9111 0.9550 
0.50 	A 0.4574 0.5100 0.6642 0.7976 0.8478 0.8591 0.9512 
0.75 	* 0.4113 0.357 ____ 0.7484 C.758 0.8538, 0.9842 
1.00 0. 3390 wave ......... wave wlve whve 0.9987 

1.5, 0.2380J 

2.00 D.F.3. 0.7179 0.8010 0.8542 0.9987 
4.00 0.5420 0.6744 0.7415 0.8123 0.8580 0.9236 0.9996 
6.00 0.5390 0.6744 0.740) 0.8123 0.8604 0.9132 1.0o.46 

Run io.(4) Me en discharge m 1.468 cueeo . 

3.00 V.e. 1.0076 1.0171 1.0326 1.0513 1.0906 1.1389 1.189 

2,30 	" 11.0006 1.0126 1.-)267 1.0461 1.0858 1.1352 1.1859 
1.00 0.9294 0.94,)4 C. 9768 1.0230 1.0691 1.1299 



wou.,  rdOID 
	

01.• - 	0.9190 0.9972 1.0572 1.1100 

6265 0.8170 0.8400 0.9208 0.9972 1.0529 1.1100 

Test No. 7 (.:onti, 

stance 
fret, centre 
of throat 
In feet. 

DeIlth of water in feet = Point gauge readin. 

Vozervation lo. 
4 	5 	6 	7 

,aa Jontinull. 

0.75 U.9. 0.8613 0.8725 0.6393 0.9158 0.9632 1.0176 1.0749 

0.50 	" 0.8642 0. 7775 0. 8005 0.8300 Q.859 0.95)3  1.0145 
0,25 0.6740 0.6940  0.720  0.7576 0.3320 0.9104 0.9980 
ac,0 0.6146 0.6398 0.6754 0.7295 0.8290 0.9351 t*mlle? 
0.25 D. Z. 0.5852  0,6240  0.6754 o.736 0.8948 wave 111.1 *ow,- 

0.50 0.5605 0.6240 0.6963 0.780 0.9227 i.O67 1.0811 

0.75 0.5213 o. 63,20..7 rave wave wave 1.0467 1.0370 
1,0o 0.4406 wave W446 

1.5' 0.2285J 



'rime oharg.e 	Rise 
id 

4,1 Jam,. 	oi.t6eco.= 	Ho. Tank 
:1 44 	in 

Teat N . 7 	on:tit:vied. 

ha,rgq,  Oboe rye VI one . 

66 

MM. 

Ribble 
Oben. in 
So. 	TAY 

in 
,et 

400§1101111110,4.1.11006140ti".1110.110.... .44 

Ruu 10. 
.965 

2 .96;) 

3 
4 • 795 

. 66o 
• 49) 

M = 
Time charge 
th 

. 0111•0111 

( 

mow = 0.417 
ouctecc. 

6 	1.417 
6 	:•4•413 

.413 

5 	0.411 
4 	',). 427 
3 	Q.422  

1.795 
3 1.560 

4 1.53') 
5 I. ?..40 
6 o660 

Run Li 

	

Tun ,1 	( 2 ) 

	

i.76 	6 	u.758 
6 0.772 

Mean 7.= 0.783 
(magas. 

5 	o. 817 
o.8o6 

4 	o. 800 
3 	.9.747 

Than No. ( 3) 

,-, r 

3 

4 
5 

2.42 
1.9Q 

3.610 

2.115 
2.12i 

1.044 
4 	1.026 

9 	1 035 

1 
2 
3 
4 
5 

6 

3.965 
2.875 
2,1350 
2.845 
2.810 

2.275 

14ean z  1.035 
5 	1.094 
; ? 	1.096 

Le a.r1 22 	5 

7 	1. 465 
5 L485 
5 	14472 
5 	1.470 
5 1.450 
4 Alia 

zx 4 o an 1 • 09 

013 Sea . 

11.16: 15ay.  
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TT No.  

on 

Model Shape G. 
Throat width 6 incheF:. Throat length 12 inches. 

Distance 	,,epth of water in feet a Point gauge readings 
from centre 
of throat 	Observation No. 
in feet. 	1 	2 	3 	4 	5 	6 	7 

Run No. (1) Mean disch-;rge = 0.403 cusecs. 

4.00 U.S. 0.4267 

2.00 0.4238 

1.50 0.4192 

1.00 0.4005 

050 0.3397 

0.5 0.2809 

0.00 0.2557 

0.25 D.9. 0.2691 

0,50 0.2533 

1.00 0.2179 
2.25°0.1050J 

4.00 D.0. 0.2304 

6.00 ff 0.2231 

0.4646 0.5000 0.5548 0.60500 0. 66n. 0.7173 

0.4638 0.4992 0.5544 0.6050 0.6589 0.7161 

0.4596 0.4958 0.5507 0.6039 0.6584 0.7147 

0.4436 0.4838 0.5398 0.5959 0.6512 0.7078 

0.3913 0.4422 0.5109 0.5738 0.6336 0.6950 

0.3799 0.4455 0.5175 0.5750 0.6317 0.69A4 

0.4107 0.4544 0.5051 0.5763 0.6315 0.6940 

0.3947 0.4371 0.5178  0.5733 0.6344 0.6940 

0.3817 0.4524 0.5091  0.5733 0,6330 0.6940 

0.4105 0.4472 0.5091 0.5792 0.6322 0.6940 

0.4231 0.4688 0.5300 0.5666 0.6443 0.7026 

0.4231 0.4630 0.5294 0.5636 0.6443 0.7026 

Run 3o. (2). 	Mean discharge = 0.692 ousecs. 

4.00 U.S. 0.6175 0.6338 0.6624 0.6957 0.7247 0.756 0.8004 

2.00 0.6161 0.6316 0.6598 0.6929 0.7229 0.7487 0.7997 

1.50 0.6083 0.6228 0.6561 0.6656 0.7173 0.745 0.7961 

1.00 	w 0.5837 0.5998 0.6346 0.6660 0.7009 0.7299 0.7819 

0.50 0.4984 0.5195 0.5619 0.5993 0,6430  0.6762 3.7'Z71 

0.25 0.4257 0.4565 0.5149 0. 5744  0.6234 o.6686 0.7358 

0.00 0.3767 0.4433 0.5227 0.5967 0.6427 3.7052 0.7566 

0.25 D.S. 0.3619 0.4620 0.5800 0.6503 weve 0.6777 0.7319 

0.50 0.3594 '0.5061 0.5984 0.6027 0.6275 0.6743 0 • 7464 

1.00 0.3015 0.5208  0.5990 0.6656 0.6997 0.7262 

1.50 	° 0.2502J ---- wave wave 



49tIno9 
from centre 
of thr3at 
in feet. 

Depth 	water la feet = Point gauge readings, 

ObrAration N . 
4 
	

6 	7 

e t Xe. 8 Continued. 

Ran N . (2) ;oatiaue0. 

4.00  D.$. 

6.00 	" 

	

0.4254 	0.5564 

	

0.4254 	0.5649 

Run No.(3) 

	

0.6041 	0.6446 	0.6791 	0.7117 

	

0.6011 	0.6446 	0.6791 	0.7107 

Veen diecharge = 1.018 cueeca. 

0.7634 

O. 765 

4.00 U.S. 0.7950 0.8205 0.8960 0.9406 0.9900 10374 1.0858 

2.00 	0 0.7922 0.8169 0.8917 0.9395 0.9877 1.0366 1.0858 

1.50 0.71343 0.8090 0.8354 0.9320 0.9818 1.0306 1.0813 

0.7542 0.7816 0.8610 0.9105 0.9621 1.0130 1.0651 

0.50 0.6569 0.6889 0.7843 0.8409 0.9007 0.9565 1.0133 

0.25 	u 0.5727 0.6127 0.7343 ‘1.8060 0.8769 0.9433 1.0062 

0.00 0.5026 0.5743 0.7311 0.8202 0.9095 0.9814 1.0406 

0.25 D.I. 0.4654 0.5663 wive wave wlve ,,,ave wave 

0.50 	0 0.4520 0.3010 0.837 7,  0.8582 0.8899 0.9500 1.0120 

1.00 0.3939 0.7339 0.7474 ,„.a177 0.9134 0.9747 1.0130 

2.00 	U 0.2290J 0.7303 wave wave 0.9218 1.0105 1.0389 

4.00 0.4705 0.7303 0.8125 o.8873 0.9377 0.9965 1.0458 

5.00 	0 0.4427 0.7261 0.8325 0.8873 0.9377 0.9950 1.0458 

flan • (4). Mean di-ohereTe 1.469 cusees. 
4.00 U.s. U.1.03.59 1.0463 1.0746 1.1329 1.1325 1.1669 1.2325 
2.00 U 1.0110 1.0430 1.0713 1.0985 1.1289 1.1626 1.2286 
1.50 U  1.0036 1.0350 1.060 1.091) 1.1202 1.1572 1.2195 
1.00 9719 1.0033 1.0316 1.06141. 1.0963 1.1310 1.1991 
0.50 0.8643 0.8999 0.9320 0.9675  1.0015 1.0427 1.1200 

0.25 U  0.7642 0.8079 0.8515 863 0.9299 0.9751 1.0643 
0.00 0.6719 0.7338 0.7940 (.8416 0.8991 0.9562 1•0544 
0.25 D.3. 0.6131 0.7032 0.7817 0.8404 0.910 wive wave 

0.50 " 0.5779 0.7000 0.8077 0.897.8 ware 

1.00 0.51.89 wqve wave w've 1.0115 1.0243 1.0866 
1.5 o. 



   

rt %;.o. 8. 	onttnu. 

    

73 

          

Distanoe 
from centre 
of throat 
in feet. 

Dept of ater in feet Point gauge readings 

OtY,,ervation No. 
3 	4 	5 	6 	7 

A 

n (4). 	°oat rued. 

- 

2.00 D.S. 0.9300 1.0-18 1.0356 1.0777 1.1657 

4.00 	* 0.6523 0.9132 0.9566 1.0177 1.0491 1.0858 1.1636 

6.00 	0  0.6683 0.9100 0.970) 1.0177 1.0472 1.)858 1.1650 

chie Obeervaions. 

R a 
at 

Obsn. in 
No. 	Tank 

in 
feet. 

IA a 	Di-
Time charge 
in 	in 
Mine. cusecc.= 

R  xg  

R = 	m = 	Die- 
Ilse Time charge 

Oben. in in in 
Ato. 	Tank Yins. 	+=sem = 

in 	R x 
feet. 

Run No. (1) 
	

Run go. (2) 

1 1.725 11 0.405 

2 1.400  9 0.402 

3 1.115 7.25 0.398 

4 1.100 7 0.406 

4tan.. 0.403 
CUPG0S. 

Run No.(3) 

1 3.590 9 1.030 

2 3.965 10 1.025 

3 2.730 7 1.007 

4 3.125 8 1.o10 

1 2.420 9 

2 2.905 11 

3 2.410 9 

4 2.163 8 

Mean 

Run N. (4) 

1 3.970 7 

2 3.920 7 

3 4.570 8 

4 4.015 7 

0.695 

0.682 

0.693 

0.621 

0.692  
ousecs. 

1.465 

1.450 

1.472 

1.489 
Mean= 1.016 
	

Mn a 1.469 
cusecvs. 	 casecs. 
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Throat width 6 inch. 	 Throat length 18 

1:;iatanoe 	)eh of water in feet = Point g ge 	ii ng 
fro: ()entre 
of throat 	 Olotervatt on 	No. 
in feet. 	 3 	4 

	 6 

Run No. (1) 	Mean di6.oharge = 0.456 cus,7‘ecs. 
5.03 U.. 0.4531 0.4659 0.5402 0.6925 0.8563 
4.00 0.4531 0.4661 0.537: 0.6925 0.8563 
3.00 0.4510 0.4661 0.5367 0.6925 0.8557 
1.00 0.4086 0.4254 0.5061 0.6772 0.8454 

0.75 0.3963 0.3999 0.4851 0.6654 0.8401 
0.50 0.3293 0.3564 0.4593 0.6631 0.8380 
0.25 0.2773 0-3254 %ay 0.6553 0.8-380 
0.00 0.2541 0.3661 0.4794 0.6638 0.8333 

0.25 D.I3. 0.2689 0.4061 0.4638  0.6650 0.8333 

0.50 0.2545 0.3722  0.4826 0.6.2o 0.8733 
0.75 0.2217 0.3575 0.4792 0.6676 0.8333 
1.00 1953 wave wave 0.6716 0.833 
2.00 3.0843 0.4Q07 0.4931 0.6700 0.8a 8 
3.00 0.0652J 0.4028  0.4960 0.6717 0.8394 
5.00 0.2062 0.4020 0.4942 0.6(81 0.(403 

Run No.(2) 	Henn diz'oharge c"sec''t• 
5.00 U.S. 3, 7376. 0.7834 0.9127 0.9802 1. c; 570 1.1335 

4.00 	a  0.7363 0.7827 0.9104 0.9770 1.0570 1.1305 
3.00 0.7314 0.7810 0.9090 0.9761 1.0546 1.1305 

0.6658 0.7318 0.8746 0.9446 1.0260 1.1070 
0.25 0.6333 0.7011 0.8495 0.9241 1.0196 1.0926 
0.50 0.5685 0.6480 0.8126 0.8984 0.9984 1.0770 
0.25 0.4912 0.6049 0.8059 0.8935" W‘Ve wave 
0.00 0.462 o. 6o68 0.8630 0.9220 0.9870 1.0830 

. 0.4110 0.7010 0.8264 0.8995 1.0-73 1.3918 



   

Tet 	Jontinued, 
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Distance 	Der.th :or wa.ter In 	 az ge re adt n PIS 
from centre 

throatof 
	 Obeervattc,:m 

in rect. 	 2 	'3 
	

4 
	 or,  

Run .“). 2) Continued. 
0.50 D.3. 0.4105 0.7063 0,8195 0.9200 1.0069 1.0814 

0.75 '$ 0.3830 0.6652 0.8365 0.9200 0.9922 1.0923 
1.00 0.3173 0.6181 0.856 'ry w,ve 

1.4 ,,  wave 
2.00 O. 6985 
6.00 " 0.5127 0.7026 0.8592 0.9334 1.0197 1.1103 

5.00 U.C. 
4.00 

1.03 
0.75 
0.50 
0.25 
0.00 
0.25 0.2. 
0.50 
0.75 
1.00 4  

1.5 
2,00 D. 3. 

6.00 

5.00 U.11 . 

4.00 • 
3.00 * 
1.00 

0.75 

Run No. 	( 3) 14..enn discharge 1.209 case° z. 
0.8789 0.6648 0.9051. 1.0069 1.1190 1.1450 
0.8769 0.8827 0.9039 1.0047 1,1190 1.1450 
0.8720 0.8794 0.9017 1.0030 1.1189 1.1436 

0.8056 0.8131  0.8394 0.9540 1.0775 1.1029 
C . 7669 0.7737 0.8027 0.9208 1.0540 1.0800 
0.6934 0.7103 0.7430 0.8739 1.0141 1.0430 
0.5918 0.6264 0.6686 0.8308 0.9918 1.0307 
O.415 0.5636 0.6140 0.8300 1.0630 1.0960 
0.5)17 0.5320 0.6130 wave 1.0476 1.0714 
0.4796 0.5290 0.6669 0.8298 1.0126 1.0420 
0.4574 wave wave 0.8800 1.0106 1.0535 

0.3941 ?rave ve 1.1055 
Jump 

wow. et* 4.4.**Onio. ..**".."' 0.9275 1.0580 1.0871 
0.5640 0.7145 0.7614 0.9290 1.0598 1.0957 

Run No. 	( 4) 
1.0335 	1.0472 

Mean discharge %%1.541 cuseced. 
1.1112 	1.1804 	1.2582 	1.3110 

1.0315 1.0452 1.1097 1.1793 1.2600 1.3110 
1.264 1.0399 1.1(,,45 1.1763 1.2580 1.311e) 

0.9514 0.9616 1.0423 1.1164 1. --,L7,6 1.2727  
0.9081 0.9269 1.0 2? 1.0834 1.1784 1.2417 



Jo. 

1 1.a35 
2 1.230 

3 1.240 

4 1.235 

Run Vio. ( 

0 • 90n 7 	0 • 90n 

7 0.903 7 	0.903 

7 0.900 7 	0.900 

7 7 

(4) 

atieecs. 

6 1.541 
5 1.540 

6 6 	1.543  1.543  

6 6 	1.40 1.40 

Mean = 1.541 Mean = 1.541 

0; 0; 0; 

0.456 0.456 	1 1 

7 0.453 7 	0.453 	2  7 	0.453 	2 2  

7 0.458  7 	0.458 	3 7 	0.458 	3 3 

7 0.45.6,  7 	0.45.6, 	4 7 	0.45.6, 	4 4 

2.440 

2.450 

2.440 

2.430 

0.456 	1 	7 

uaan = 0.456 	 mean= 0.900 

Te.;A 9. Continued. 

Di etrtnce 
from c en t re 
of thro 3% 

Depth of we.ter in feet = Point gauge readi agr 

Observeti on No Q. 
i n 	feet. 2 3 4 6 

Run N o . ( 4) Oontirnaed . 

0.50 n.9. 0.8396 0.8565 0.9406 1.0305 1.1 304 1.1963 
0.25 4  0.746 t 0.7709 0.8680 C.972.1.0303 1.1570 

0. en 0.6623 0.6924 0.8207 0.9485 1.0828 1.1834 

0.25 D. 	 . 0.5993 0.6475 0.819 1.0180 wlve wave 

0.50 0.5650 0.6334 0.8981 Willrft 1.1()82 1.2350 

0.75 at  
0.5315 wave wave ---- 1.1398 rave 

1.00 0.4723 ---- ---- ur/ve ---,_ 

2.00 Jump  	---- ---- 1.1339 1.240) 

Goo 0 0.6332 0.8476 0.9550 1.0S92 1.1610 1.2450 
0.10/01/.00.1.••• 

Di 0  charge Obg (matt ons 

- 	',;. 	Dim- 	R = 	M = 	Di r-,- , - 
Ase 	Time charge 	Ri ee Time clirge 
in. 	i -. 	in 	i u 	in 	in 

Oben , Tank 	Unr, 011110CS. = Oben. TrInk 	Mine. ouceo . r 
No. 	in 	'.'i lc 1.5 	io. 	in 	

_ 

feet . 	 fe !!.t. • 
4611•11111.1.... 	 NeWn.lor 
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TETTo.. 10  
on 

Model 'lhape 

Throat width 6 inches, Throat length 1.7 inob.s. 

S5 

.41111.11•01110. 

Distance 	Liepth of 'Tater in feet 	Point gaug reading8. 
from. centre 
of throat 
	

ObAervation No. 
in feet. 	2 	3 	4 

	
6 	7 

	

Run I.). (I) 	mean dicharge = 0.410 wasec!::. 

5.00 L.s. 0.4399 0.4714 0.4995 0.5539 0.604c 0.6654 0.7192 

4.00 4 	
0.4399 0.4714 0.4993 0.5532  0.6034 0.6643 0.7192 

2.00 	0.4206 0.4560 0.4857 0.5412 0.5951 o.6553 0.7131 

1.00 	0.3588 0.4074 0.4429 0.5101 0.5709 0.6383 0.6981 

0.75 	0.3128 0.3878 0.4368 0.5023 0.5639 0.6328 0.6920 

0.25 H 	0.3017 0.3900 0.4346 0.5017 0.5622 0.6309 0.6904 

0.00 	0.2955 0.387' 0.4146 0.5017 0.5609 0.6306 0.68'98 

0.25 D.S. 0.2869 0.3823 0.4308 0.5017 0.56,)9 0.6306 0.6898 

0.50 " 	0.2741 0.3823 0.4330 0.5017 0.5609 0.6300 0.6895 

1.00 H 	0.2360 0.3876 0.428 ).5017 0.5648 0.6327 0.6895 

2.00 H 	0.4285 0.4493 0%5208 0.5756 0.6404 0.7027 

2.530.1c-7,1 

4.00 D.O. 0.2118 0.4219 0.4551 0.5208 0.5790 0.6425 0.7005 

6.0') 0 	0.2095 0.4219 0.4609 0.5203 0.5790 0.6474 0.7005 

	

Run No.(2) 	aean dichlrge 
For obeerv3tione 1-4 .. 0.760 ouseos. 

5-7 	0. Oc)  cusecG. 1, 	*. 

5.00 tJ.0. 0.6440 0.6932 0.7419 0.5 86 0.8865 0.9426 0.9936 

4.00 0 	0.6635 0.6914 0.7404 0.e179 0.8562 0.9426 0.9936 

2.00 	0.6375 0.693 0.7186 0.8025 0.8673 0.9268 0.9329 

1.00 H 	0.5493 0.5914. 0.6590 0.7559 0.8263 0.8928 0.9516 

0.50 	0.4725 0.5370 0.6312 0.7456 0.8161 0.8317 0.9463 

0.25 	0.4470 0.5344 0.6355 0.7456 0.8175 0.5,17 0.9t39 

0.00 	0.4251 0.5436 0.6480 0.7456 o.8156 c.8517 0.9439 

0.25 U.. 0.4137 0.5660 o.6419 0.7401 0.8123 0.8785 0.9424 

0.50 " 	0.3996 0.5628 0.6279 0.7417 0.8143 0.8785 0.9443 



Test 10. Continued. 

Distance 
fro al c entre 
of throat 
in feet. 

Depth of water in feet = Point gauge readings. 

Observation Ac. 
1 	2 	3 	4 	5 	6 	7 

1.QCD.'",;. 

1.(' 

2.00 

	

4.00 	' 

	

6.L0 	" 

tun No.(2) 

0.342) 	0.5432 

0.261eJ 	save 

0.)840 

0.4252 	0.6123 

o.4 52 	0.6123 

Contilmod. 

	

0.6391 	0.740J 

	

0.6832 	0.7784 

	

0.6804 	0.7700 

	

0.6761 	0.7704 

0.U1OL 

0.8457 
0.8395 

0.8395 

0.8755 

0.8936 

0.9007 

0.9054 

0.9408 

0.9629 

0.9601 

0.9616 

Run a . 	(3) Mean dischsrge = 1.014 cusecs. 

5.00 U.S. 0.8070 0.8217 0.8584 0.8940 0.8309 0.9960 1.0670 

0.8069 0.8212 0.8513 0.8890 0.9310 3.9945 1.0670 

2.00 0.776ki 0.7915 0.8316 0.'a617 0.9075 0.9761 1.0479 

1.00 3.6748  0.6949 0.7466 0.7637 0.892; 0.9222  1.0014 

0.50 0.5849 0.6157 0.662/ 0.7;67 0.82.-)  0.8948 0.9847 

0.25 0.5477 0.5860 0.6763 0.7224 0.8052 0.9018 0.9912 

0.00 0.5210 3.5728 0.63co 0.7475 0.8249 0.9140 0.9901 

0.25 D.O. 0.5068 0.5728 0.7107 0.7611 0.834) 0.9064 0.9849 

0.50 0.4803 0.5800 0.7207 0.7735 0.8147 0.8912 3.9849 

1.00 0.4129 9.6415 0.7106 0.7364 0.1313 0.9059 0.9800 

1.3 wave wave %ay 

2.00 	" 0.2259 0.6860 0.7564 0.7979 0.8644 0.9432 1.0179 

2.5' Jump 

4.00 D.$. 0.686,N 0.7570 0.8359 0.8594 0.9403 1.0171 

6.0o 0.4019 0.7033 0.7371 0.31.09 0.0586 0.9400 1.017A 

Run No. 	(4) Mean discharge = 1.520 cusecy 

5.0() 	U.2. 1.0543 1.0748 1.1010 1.1378 1.1862 1.7,2>8 1.2551 

4.00 1.0543 1.0748 1.1000 1.1364 1.1857 .23-38 1.7532 

2.00 1.0140 1.0370 1.0626 1.1078 1.1545 1.2056 1.2230 

1.00 0.8966 0.9229 0.9554 1.0067 1.0646 1.1245 1.1493 

0.50 0.7826 0.8217 0.8648 0.91,6 1.0000 1.0783 1.0946 

0.25 0.7275 0.7757 0.8282 0.90c8 0.9853 1.0656 1.0955 



0.00 

0.25 

0.50 

i.oc 

87 

T eet 	. • 1..,C; 	C.,••rati ivied 

Distance 
f TOM centre 
of throat 
in feet. 

2.00 

4.00 

6.00 

Depth of water in feet Point gauge readingp, 

1 
Observation 
2 	3 4 5 

1.1n . ( 4) 	continued. 

0.6813 0.7430 0.8084 f).8957 0. 9'-'4  7 4 1.0811 

0.6471 0.7297 0.8126 . 9071 1.0125 1.1160 

0.616? 0.7351 0.8251 0.9424 1.0505 1.1212 

. 5369 0.7402 0.8854 0.9(130 1.0441 1.0784 

'wave 1.5 •wave lqve 

0.2994.1 0.9093 0.9534 1.0330 1. 0805 1.1 356 

0.9054 0.9623 1.0290 1.0890 1.1427 

o.6341 0.9104 0. 98 30 1.044 1.1045 1.1520 

1.1158 

1.1415 

1.1405 

3.0971 

wave 

1.1559 

1.1692 

1.18/0 

  

no,a411.1•01,  

 

   

Diee a tl onE  
MA* 

Chan. 
No. 

R 	= 
Rite Time 
in 
Tank Min. 
in 
feet. 

Di c- 
chaTga 
in. 
Queens.. mt.  Oben. 
Rx1 	No. 

= 
Ricze 
in 
Tank 

feet..
in  

Die- 
charge 
in 
CU 00 
R x 15 
P-i- 

    

Run no. (1) 

1 1.115 

2 0.800 

3 1.110 

4 0.785 

Rua No. 

2.700 

2 	3.540 

3 	2.745 

4 	2.390 

Run No. ( 

1 	2.08 	7 	0.767 

2- 	1.75 	6 	citiu 

• Mean = 0.760 
ousece. 

	

1.56 	6 	0. 801.  

	

1.86 	6 	0,600 

Venn 	800 
=Peas. 

Run No. ( 4). 

7 0.412 

5 0.413 

7 0.409 

5 

Mean = 0.410 
owiecs. 

( 3) 

3 

4 

7 0.997 1 

9 1.015 2 

7 1.013 3 

6 4 

iiean .7--  1.014. 
euseas. 

3.. 540 	6 	1.523 

4.100 	7 	1. 51 3 

4.130 	7 	1.5?4 

4.120 	7  

Mean = 1.52:: 
cusee8. 
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0: lolot 	on wr,h 	46J0 •'AeOat •ana th* 

lthlr )11 t-he nua4 	,414. with 15* throat. During 

wito% t•oot the obilervotiono Tioere ;'ken from practical 

vtlw. 	r4oaino for ra%or warZftee oqrve,o 

ton. 	?,:n. each rUn a oolmtant LW wp4 
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V.:7 T 140 
	1 

on 

Model 
Thront length 12 inches. Throat width 6 inch. 

C4.)3n. 
a0. 

d feet. 
Olsten() 

d2  In tee t. 	ee t. 
roini 
Gauge 

Readings. 
Pi zomete r from 
Gauge 	throat 
Readings, 	centre 

a feet. . 	• 	A 

Point 
Gauge 

Readings. 

Pie zoieter.71Ti70ter 
Gauge 	Uwe 
eadin.Readin. 

1 

Rut 	1k,. 1. 

0.002 7ree 
1 0. 3131 0.310 mean 0.2498 50 0.280 
2 0. 3282 0.328 

}I 0.294 0.292 e).315 
3 o.3652 0.365 0.3313 0. 330 0.350 
4 0.3963 0.39 0.3642 0.365 0.385 
5 0.4272 0.425 0.4015 O. 400 0.415 
6 0.463B 0.460 0.4441 0.442 0.455 
7 0.5015 1.500 ,› 0.4848 0.485 0.495 

 	MA*. 

Run go. 

0.445 

2. 

Free flow. 
0.445 0.445 0.25 U.3. 0.2977 300 

0.00 	0.2b92 0.288 
0.25 D.. 0.2795 0.288 
Mean 	(0.2888) 0.295 0. 65 

2 0.4536 0.454 0.25 U.S. 	0. 3418 0.342 
0.00 	0. 3418 0.340 0.25 D.S.0. 3535 0.352 
Mean 	(0.3457) 0.345 0.395 

3 0.4658 0.466 8.25 	0.3800 0.380 0.00 	0. 3820 0.380 0.25 D. S. 	0. 3769 

Mean 	(0.45210. 

0. 380 
Mean 	(0.3800) 0. 380 0.425 

4 0.4572 0.485 0.25 U.S. 	0.4110 0.410 
0,0) 	0,4868 0.410 
0.25 D.S. 0.4060 0.410 
Mean 	(0.4073) 0.410 0.445 

5 0.5165  0.515 0.25 u.e. 0.4521 
0.00 	0.4521 0.455 

0.455 0.25 D. S. 0.4521  0.455 
0.455 0.493 
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d Let. 1  in  Dietetic* 	d2  in fent. d 3in fee t 
from Oben. 

No. 	Point ri zometer throat 	Point 
Gauge Gauge Gauge 	oeatre in Gauge °meter °meter 

Readiags. Read Ingo . feet. 	Redi age. Gauge 	°awe 
Reale.. rig s .  Re ad  i nz e . 

6 
Run No. 2 ( continued) 

0.5490 	0.548 	0.25 U. 
0.00 
0.25 D. 0. 

Mean 

	

0.4948 	0.500 

	

0.4948 	0.500 

	

0.4948 	0.500 
(0.4948)0.500 0.525 

7 0.5806 0.578 0.25 U. '7. 
0.00 

0.5358 
0.5358 

0.538 
0. 0.25 1).0. 0.5358 O.58 

dean (0.5358) 0.538 0.560 

0. 6040 0. 600 Mean 0.5645 0.565 0.585 
9 0.6215 0.620 •Mean 0.5648 0.585 0.608 

10  0.6293 0. 628 Veen 0.5970 0.598 0.620 



fEafi4t. 	-T4tance 
from 

er throat 
centre in 
feet. 

0b2n. 
O. 	1rit 9. mime 

Gauge Qau 
Paadirc Tleadi n g,e . 

9S 

i n it  
73THT---71137:-  Tric7omeiar 
Gauge °meter Gauge 

Read ngs. (auge 	lendings. 
Readirum 

10 

Run 

O. 6450 

A,io. 	3. 

Fe f1w.  
1 0.6481 0.6450 0.25 U.S. 0.4325 0.4450 0.00 0.4171  0. 41d0 

0.25 L. 3. 0.4062  0.4080 
Mean (0.419) 0.4280 0.510 

2 0.6495 0.64 0.25 u.s. 0.4479 0.4650 
0.00 0.4436 0.4500 
0.25 D.. 0.4427 0.4550 

Mean (0.445) 0.4550 3.560 
3 0.6575 0.655 0.25 tl."1. 

0.00 
0.25 D, S. 

0.4710 
0.469,t3 
0.4764 

0.492  0.45 
0.500 

meaa 0.473 0.495 0.575 
4 0.6771 0.675 0.25 U.s. 

0.00 
0.25 D.S. 

0.5236 
0.5376 
0.5600 

0. 545 
0.545 
0.555 

mean (0.540) 0.550 0.615 
5 0.6896 0.688 0.25 U.S. 

0.00 
0.25 D.$, 

0.5605 
0.5633  
0.543 

0.572 
0.570 
0. 580 

Mean (0.569) 0.575 0.625 
6 0.7150 0.715 0.25 u.:. 0.6104 0.618 

0.00 0. 6249 0.612 
0.25 D. 	. O. 6197 0.6'0 

Mean (0.618) 0.618 

7 0.7352 0. 0.25 U." . 0.6450 0.645 0.30 0.6543 0.64 
0.25 D,1, 0.6453 0.64 
Mean (0.643) 0.645 0.68 

0.7517 0.750 0.25 U.:77, 0.6647 0.665 
0.00 0.6684 0.662 
0.25 D.S. 0.6644 0.665 
Mean (0.666) 0.665 0.705 

9 0.824D 0.820 0.25 U.S. 0.7567 0.758 
0.00 
0.25 D.. 

0.7547 
0.7527 

0.758  
0.760 

mean (0.755 0.758 0.795 
.569 O. 0.25 LT . s. 0.7947 0.798 

0.00 0.7947 0.795 
0.25 D. 3 . 0.7947 0.795 

Mean (0.795) 0.795 0.830 



Point rieromete.I51-7;  
ul in feet. ni 

frwn 
Qben. Gauge Gauge throat 

No. Readingr,Readinge. 	()entre in 

96 
d2 in fe17!t 	d3 in feet 

Pont 	r1- 	. - M er/.41" 
Gauge °meter Gnuge 

	

Rendings.Gauge 	?eadings 
fet. 	 Readings . 

Run No. 4. 
0.7636 	rree flow. 

0.7721 0.770 0.25 11.1. 
0.00 

0.5360 
0.5186 

0.558 
0,530 

0,25 D,S. 0.5091 0.550 

Mean 0.550  0.665 (0.521) 

2 0.7d38 0.784 0.25 0.5667 0.60c 
0.00 
0.25 D.X. g-1 .411. 

0.592 
0..610 

Mean (0.574) 0.6r- 0.695 

3 0.7989 0.796 0.25 U.0. 0.6035 
0.00 0.6115 0.632 
0.25 D.. 0.6321 

Mean (0.61 6) 0.640 0.715 

4 0.8179 0.815 0.25 U.Z. 0.6539 0.675 
0.00 0.66o 0.675 
0.25 0. 0.6912 0.675 

Mean (0.668) 0.675 0.740 

5 0-8373 0.830 0.25 U.7,. 
0.00 

0.6868 
0.7067 

0.708 
0,708 

0.25 0. 0.7235 0.708 

0e4n (0.706) 0.708 0.765 

0.8635 rk, 
• 0.25 J.S. 0.7560 0.750 

0.00 0.7574 0.750 
0,25 D.S. 0.7574 0.750 

ttean (0.750) 0.750 0.795 

7 o.88 2o 0.876 0.25 U.. 0.7705 0.775 
0.00 0.7906 0.775 
0.25 D. Y. 0.7821 0.775 
Mean (0.781) 0.775 0.815 

0.9005 O. 0.25 U.S. 0.8020 0.805 
0.00 0.8151 0.8;6 
0.25 D. 0.8052 0.805 
mean (0.807) 0.805 0.843 

9 0.9263 0,925  0.25 	U.' . 
0.00 

0.8385 
0.8423 

0.835 
0.8 

0.25 D.. 0.8300 0.83 

Mean. (0.837) 0.835 0.875 
10 0.9643 0.965 0.25 U.-. 0.8915 0.885 

0.b869 0.885 
r 0.25 c.6823 0.885 

'eart (0.887' 0.885 0.920 



Point Plez-
Gauge °meter 

Readings. Gauge 
Tieadinv,s.  

D btanoe -"--ap 1n 
	 frog) 

.)ben. Point 	F le zomet ,21* throat 
No. Gauge Gauge 	centre 

Readings. Readi ariah in fcet.  

-et/  fn teet. 
Piezometer 
Gauge 
Readings. 

4 

5 

6 

7 

10 

Run No. 
o.8459 
0.85°4 

0.8582 

0.8661 

0. 762 

0.9047 

0.9287 

0.9522 

0.9730 

0.9985 

L0248 

5. 
Tree n 

0.847 

o.86 

0.865 

O. 75 

0.905 

0.930 

0.952 

0.9730 

0.997 

1.022 

0.25 U.0. o.5866 
0.00 	0.5609 
0.25 D.C. 0.5541 
'lean 	(0.567) 
0.25 U.s. O. 6016 
0.00 	0.5941 
0.25 U.?, 	0.5927 

mean 	(0.596) 

0.25 ti, 	0.6207 
0.00 	0.6140 
0.25 	0.6216 

wean 	(0.619) 
0.25 U.. 0.6558 
0.00 	0.6410 
0.25 p.0. o.6 6o6 

Kean 	(0.652) 
0.25 U.. 0.7018 
0.00 	0.7091 
0.25 D.. 0.7430 

Mean 
0.25 1.1.`3. '' 0..7718b1)  
0.00 	0.7 44 
0.25 D. C. 	0.0125 

Mean 	(0.785) 

0.25 U.,1. 	0.7986 
o.ry, 	0.8261 
0.25 D.. 0.8342 

reln 	(0.820) 

0.25 U.51. 	0.84 
0.0n 	0.669: 
0.25 D.C. 	0.8747 

(0.864) 

0.25 U.L 0.8847 
0.00 	0.9024 
0.25 D.7,. 0.9024 

Mean 	(0.897) 

0.25 U.S. 	0.9229 
0.00 	0.9386 
0.25 D.C. 0.9304 
vean 	(0.931) 

o.6i  
0.58  
0.595 
0.60r 
0.640 
0,620 
0.635 
o.640 
C.65 
0.645  
0.6 
0.655 
0.688 
0.675 
o.692 

0.685 

0.745 
0.740 
0.752  
0.745 
0.795 
0.790 
0.05 

0.795 
0.825 
0.828 
0.835 
0. 830 
0.8600 
0.860 
0.865 
f).860 

0.897 
0.895 
0.900 
0.898 
0.925 
0.925 
0.930 

0.925 

0.705 

0.745 

0.765 

0.785 

0.825 

0.865 

0.890 

0.920 

0.945 

0.968 
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7Tfitance 
from throat 

eet. 

Obsri. 
No. 	aauge ox,eter 

Readiaez.%.7rauge 
Tleadllg  

oeatre  in Point 	Pi07- 
feet. 	Gauge °meter Gauge 

Readings. Gauge 

Run 

0.9447 

6. 

Free fib  

0.9650 0.9G2 0.25 P.1. 
0.00 

0.6918 
0.6672 

0.738 
0.705 

0.25 L. 0.6672 0.722 

keen (0. 675) 0.720 0.640 

0.9799 0.978 0.25 U. n. 
0.00 

0 . 7227, 
0. 710 

0.765 
0.755 

0.25 O.;. 0.723 0.765 

Mean 0. 719 ) 0.765 0.870 

1.002 0.996 0.25 U. 
0.00 
0.25 

0.7617 
0.7594 
0.751 

0.815 
0.805 
o.616 

Mean (0.769) 0.815 0.905 

4. 1.0236 1.020 0.25- U.a. 
0.00 

0.810• 
0. 819 

0.855 
0.850 

0.25 D.S. 0.8471 0.8 3  

Igean (0.826) 0.860 0.940 

1.0456 1.043 
04 00- 
0.25 p. 5. 

o.8553 
0.8711 
0-9023 

0.895 
0.890 
0.900 

Mean (C.876) 0.695 0.960  

6 1.0680„  0.25 
0.00 

0.8921 
0.9148 

0.930 
.0.925 

0.25 0.9443 0.935 

Mean (0.917) 0.930 0.935 
7 1.0883 1.085 0.25 U.S. 0.9265 0.960 

0.00 0.9514 0.955 
0.25 D. c, 0.9737 0.965 

Neen (0.951) 0.960 1.010 

1.11 1.115 0.25 U.1. 
0.00 

0.9 	*0- 

0.999.  
0.995 
0.990 

0.25 D.9. 1.0094 1.000 

Mean (0.992) 0.995 1.050 

9 1.1424 1,142 0.25 1.0155 1.050 
0.00 1.0347 1.028 
0.25 D.0,„ 1.0435 1.035 

Mean (1.031) 1.030 1.085 

10 1.1586 1.158 0.25 U.S. 1.0406 1.052 
0.00 1.0623 1.050 
0.25 i3 O.  1.0649 1.055 

Mean (1.056) 1.055 1.10) 



Tree flow 

Run No. 7. 
1.0752 
1.1012 1.098 

1.1160 1.112 0.25 U.C. 
0.00 
0.25 D.1, 

Mean 

1.2137 1.214 0.25 
0.00 
0.25 D.C. 

1108.11 

10 1.2417 0.25 U.n.  
0.00 
0.25 

1.240  

99 

Oban. 	in  feet.  
No. e rfr Vir 

Gauge °meter 
Rpadingc.Gauge 

Readingt.  

PTrit-  Pi E7-- 13177ornatr 
Gauge aster Gauge 

Readings. Gauge 	Readings. 
Roach ngs. 

0.7968 0.840 
0.7708 0.815 
0.7578 0.825 

(0.775) 0.820 

0.8243 0.875_ 0.8027 
0.7964 

0. 055  
0.870 

(0,808) 0.870 
0.8613 
0.8526 

0.915 
0.900 

0.8555 0.920 
(0.856) 0.910 

0.8945 0.946 
0.8912 0.940 
0.8965 0.955 
0.894) 0.950 

0.9323 0.985 
0.9323 0.975 
0.9574 0.995 

(0.941) 0.985 
0.9574 1.010 
0.9574 1.005 
0.9913 1.015 

(0.969) 1.010 
0.9821 1.030 
0.9917 1.028 
1.0242 1.040 

(0.999) 1.030 
1.0073 1.056 
1.0259 
1.0578 

1.045 
1.060 

(1.030) 1.055 
1.0270 1.070 
1.0460 1.065 
1.0753 1.075 

(1.049) 1.070 
1.11572 1.098 
1.0756 1.095 
1.1035 1.100 

(1.079) 1.098 

	 rr miritatmee.g. Li;ttwace 
from throa 
centre in 
feet. 

1.1337 1.132 0.25 
0.00 
0.25 

Mean 

4 	1.1469 	1.148 	0.25 u.!.. 
0.00 
0,25 nos. 
Mean 

5 1.1728 1.172 0.25 
0.00 
0.25 D. 

Mean 
6 	1.1857 	1.185 	0.25 u. 

0.00 
0.25 D.S. 

Mean. 

7 	1.1984 	1.198 	0.25 U. 
0.00 
0.25 D.D. 

M ft SSA 

1.2256 	1.225 	0.25 U.fl. 
0.00 
0.25 D.S. 

Mean 

0.945 

0.985 

1.020 

1.045 

1.075 

1.090 

1.105 

1.125 

1,135 

1.155 

0.25 U.S. 
0.00 
0.25 D. 

Vean 
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Test No. 11.0ontinwd. 

D ;are  Okservations (Oontinued).  

•••••••••• 

Obsn. 	= 	V = Time 	Discharge 	Mean 
o. 	Rick: in 	in 	in cusecs. 	diachrge 

tauk in feet. minutec;. 	= R x  
in cueecs. 

1 	3.145 

2 	3.170 

3 	3.190 

4 	3.150 

Run No. 7. 

5 
5 

5 

1 

1.S22 

1.625 

1.634 
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Tec,t 11 	 te5 
Model 	1. 

Throlit length 12 inch. 	Thrr)at width 8 tac11,7. 

a7 in riet 
	 Distance 

Tani Ple17.omeer from 	Oaint treoffieter freriaztiii-T- 
nnuge Gauge 	throat Gauge 	iiauge 	Gauge 

Readings . 'Readings. °entre 	Readings. Readi !Igo. Readings . 
	in feet . 

n ft. 
Obzn. 

1:?un 

C. 3645 
. 3719 

1 . 

Tree f 1 zm 
0. 370 0.25 U.c. 0.2926 

000 	0.2894 
0.25 D..O. 2811 

0.29C 
0.2C 
o.28 

hZ tow ( 0. ?88) 0.290 0. 3 0 
0.39b9 "4,1'• 0.25 u • 	. 0.33b6 0.340 

0.00 0.3348 0.340 
0.25 0.9. 0,391 0.340 
Mean (0.31) 0. 340  

. 427 0.430 0. 25 U.9. 0. 3325 0. 35 
0.00 0.3825 0.335 
0.25 D. s. 0. 3813 0.363 
Mean ( 0. 382) o.385 0.410 

0.45570.455 0.25 tØ3I 0.4149 f.Y. 418 
0.00 0. 4141 0.4.18 
0.25 I), T. 0.4141 0.418 
get:Tx (0.414) 0.418 0.440 

5 0.461 0.4850.25 U. s. 0.4512 0.453 
0.00 0.4512  0.453 
0.25 0.0. 0.4510 0.453 
dean (0.451) 0.453 

6 0. 5195 0.518 - 	„ 0.4883 0.490 
0 .00 0.4595 0.490 
0.25 0.4376 0.490  
Mean (0.488) 0.490 0.506 

0.5470 0.546 0.25 U. ')5206 0.522 
0.00 J. 5206 0. 522 
0.25 L. 0.5206 0.522 
Mem ( 0. 521) 0,522 0.538 

8 0.5819 0.578 0.25 u. o.58 3. 560 
0.00 0.5575 0.560 
0.25 D. S. 0.5575 0.560 

Mean ( O. 556) O.560  0.575 

9 0.6024 0.602 0.25 U. 3. 0.5829 0.585 
0.30 0.529 0.5 35 
0.25 1,$. 0,580q ':.585 

Lean (0.582) 0.585 0. 600 

10 0.6323 0.628 0.25 	(1.t.' . 0.6120 0.612 
3.00 O. 6120 0.612 
0.25 D. S. 0.6120 0.612 

Mean (0.612) 0.612  



4g* 

d1  in te,9t. a 	e 1 t . 	in teet. 
Oben,  	Ditanoe 
(o. ioint PITTati.ter from throat ‘isoint 757, - Oiezoteter 

	

Gauge 	Gauge 	cfmtre in 	Gauge omet.-r 	Gnuge 
Readi-a,3a. ;loadings. 	feet. 	Readin53.3auge 	Readings. 

Rodtryse.  

Run No. 2. 

0 4602 Free flow.  

	

4659 	0.466 	0.25 u.e. 	0.3407 	0.355 
0. on0.3547 	0. 355 

	

0,3626 	0. 355 
VI foal 	( 0. 353) 	0.355 	0.400 

2 	0.4885 	0.488 	0.Z/5 tJ.. 	0.4041 	0.402 
0.00 	0.4042 0.402 
0.25 L. 	0,3915 0.402 
m e 	( 0. 400) 	0,402 	0.440 

3 	c).5049 	0.5050.25 U.'. 	0.4326 	0.430 
0.00 	0.4288 0.430 
0.25 D.$. 	0.4228 	0.425 
Mdart 	(0,428) 0.430 0.465 

4 	0.5379 	0.530.25 U.s. 	0.4738 	0.478 
0.00 	0.4738 O.473 
0.25 S. 0.4738 0.478 
Mean 	(0.474) 0.478 0.505 

5 	3. 56 2 	0.566 	0.25 U. • 	0.5061 	0.513 
3.00 	0.5137 0.515 
0.25 D.$. 	0.5120 	0.515 
Mean 	(0.511) 	0. 515 	0.540 

6 	0.5963 	0.594 	0.23 U.S. 	0.5446 	0. 550 
0.00 	0. 5509 	0.550 
0.25 D. csl. 	0.5466 	0.550 
Mean 	(0.547) 0.550 0,570 

7 	0.6257 	0.625 	0.25 U.S. 	0.581 6 	0. 585 
0.00 	O. 5671 	0. 584 
0.25 L S. 	0.5835 0.585 
mean 	(O. 584 ) 	0,588 

	

60,449 	3.645 	0.25 U. 1. 	0.6089 	0. 612 
0.00 	0.6089 0.612 
0.25 D. S. 	0.6084 0.612 
gea n 	( 0. 609) 	0.612 	0, 625 

9 	0.6668 	0.668 	0.25 u.s. 	0.6349 	.640 
0.00 	0.6349 0.640 
0.25 0.s. 	0.6349 	0.640 

Mean 	(0.635) 0.640 0.652 

	

10 0.620 	0.680 0.75 U.S. 	0.6471 	0.650 
0.00 	0.(.:467 

S. 	C. -1467 	7,650 
Lt. an 	(0.647) 	0.650 	0.665 



0.25 U.3. 
0.00 
0.25 D.9.. 

Mean 

0.25 u.s. 
0.00 
0.25 D.0. 

wean 

0.25 U.C. 
0.00 
0.25 D.S. 

d1  in feet 
Oben.   Distance 
.io. 'oint Pie7ometer trod throat otnt 	7- 	,ometer 

Gauge 
Readings. Readings. feet. 	Readings. Readings . Readings. 

4._fee  
n feet 

Gauge 	o ntre in Oaue ometer Gnuge 

.1111.4.1.10,0•1*.**** 

Run Tio. 3. 

	

0.5610 	Free flow. 

	

0.6161 	0.615 0.25 U.b. 
0.00 
0.25 D. S. 

'Mean 

0.25 11.% 
0.00 
0.25 D.5. 

Mean 

	

0.677d 	3.676 	0.25 U.S. 
0.00 
4.25 D. 

Mean 

4 	0.6990 	0.700 	0.25 u.E; 
0.00 
0.25 D.S. 

Mean 

5 0.7246 0.725 0.25 
0.0, ) 
0.2-  D.-% 

e an 

Mean 

7 0.7782 0.778 

0.8033 	o.3oo 

9 0.8392 0.840 

Mean 

10 	0.8563 	0.855 	0.25 T.!,1. 
0.00 
0.25 fl.s. 
Yean 

0.5340 
0.5329 
0.5193 

(n. 529) 

0.5726 
0.5648 
0.5601 

(0.566) 

0.6157 
0. 6085 
0.6085 

(o.611) 

0. 6366 
0.6366 
0.6444 

(0.639) 

0.6673 
0. 6K-65 
0.6695 

( o. 668) 

0.7037 
0.7072 
0.7045 

(0.705) 

0.7292 
0.728;9 
0.7290 

(0.729) 

0.7579 
0.7579 
0.7573 

(0.758) 

0.8041 
0.8041 
0.8038 

0.804) 

0.8147 
0.8147 
0.8147 

(0.8111  

0.530 
0.525 
0.525 

0.525 

0.545  
0.565  
0.565  
0.560 

0. F15 
0. 612 
0. 61? 

0. 612 

0.645 
0.645 
0.645 

0.645 

0.672 
0.670 
0. 67o 

0.670 

0.705 
0.705 
0.705 

0.705 

0.732 
0.730 
0.730 

0.730 

0.760 
0.760 
0.760 

0.805 
0.805 
0.805 

0.885 

0.816 
0.816 
0.815 
0.816 

0. 6426 	. 640 

6 0.7555 0.755 0.25 U.S. 
0.00 
0.25 D.3. 

0.580 

0.61.0 

0.655 

0.680' 

0.705 

0.74D 

0.760 

0.785 

0 	k0 

0.845 



n ee 	 in feet. 	a-7 in-Teet 
Obsn.   Di stenos 
No. Isarif-71ezometer from throat otnt Plmer  ezometer 

	

Gauge Gauge 	centre 	Gauge Gauge Giuge 

	

Readi 	. in feat . Readings. Read ingv... Readi Tvfe. 

Run o. 4. 

	

0.6474 	?re e flow. 

	

O. 6517 	0.650 	0.25 U.3. 0.4492 	O. 4 5 
0.00 	0.4492 0. 4 5 
0.25 D.:3. 0.4558 	0.465 

wean (0.451 ) 0.468 0.562 

	

0.6730 	0.672 	0.25 U.S • 0.51.84 	0.540 
0.00 	0.5420 0.542 
0.25 D. '4. 0.5500 	0.545 

Mean 

 

(0.537) 0.542 0.605 

65 	0.694 	0.25 ti.v. 0.5745 	o.585 
0.00 	0.5961 0.582 
0.25 D.0 . 0.5957 	0.585 

Mean 	( 0. 589) 	0.585 	0.640 

4 	0.7239 	0.722 	0.25 U.s. 0.6336 	0.632 
0.00 	o.634 0.628  
0.25 D. 	0.6278 	0.628 

LI 

 

en 	( O. 631) 	0.628 	0.675 

	

0.74815 	 0.747 	0.25 U,0, 0.6677 0.660 
0.00 	0.6675 0.662 
0.25 D.1. 	653? 	0. 660 

mean 	(0.663) 	1. “0 	0.705 

6 	0.7680 	0.765 	0.25 	0.6945 	o. 686 
0.00 	0.6922 0.686 
0.25 D. S. 0.6794 	0.681 

Mean (0.639) o.635 0.730 

	

0.7913 	0.790 	0.25 1.1.3. 0.7241 	0. 71 (. 
0.00 	0.7174 0.713 

	

0.25 1D.3. 0.7099 	0.715 

Mean (0.717) 0.715 0.760  

8 	0.6094 	0. 10 	0.25 U.S. 0.7486 	0.746 
0.00 	0.7463 0.746 
0.25 D.S.0.7437 	0.746 

mean (0.746) 0.746 0.780 

	

0.8254 	0.824 	0.25 U. 0.7615 0.760 
0.00 	0.7563 0.760 
0.25 V. v, 0.7559 	0.756 

can 	( O. 758 ) 	0.760 	0.797 

10 	0.8362 	0.833 	0.25 U.n. 0.7745, 	770 
0.00 O. 7 f)71 	0.770 

	

0.25 D.1. 0.7671 	0.770 

(0.770) 0.770 0.305 Mean 



l09 

d in fpet 2 	. 

Point Pie ?-
Gauge ()meter 
Read- Gauge 
in s. Readin 

aTi n feet 

Fie zomet 
Gauge  
eadings. 

isteroe 
from 
throat 
centre 
In feet. 

0. 606 

0.25 tr.c-z. 0.53 
0.00 	0.52 
0.25 D.0. 0.52 

ent' 

0.562 
0.555 
0.552 

(0.529) 0.555 

Oban. 
Ao. 

A eet. 

Point Pie zome te r 
Qau 	Gau 

Readings. Readi ngo. 

Run Wo. 5. 

0.7646 	Tree flo. 

0.7732 	0.770 

3..)5 0 78 0.25 u.'. 0.5752 
0.00 	o. 39 
0.2' D.3. 0. 024 

0.615 

0.615 

4 

7 o.8819 

8 0.8917 

9 0.9021 

10 0.91 

0.890 

0.900 

0.916 

(0.587) 

0.6317 
o. 6470 

L. 0.6812 

(0.653) 

U.3. 0.6765 
O. 7000 

D.S, 0.7141 

(0.696) 

U. , 0.7221 
0.7417 
0.7545 

(0.739) 

u.s. 0.7555 
0.7790 
0.7774 

0.773 

0.775 
0.794 
0.7915 

Mean 	( 0. 787) 

0.25 U.S. 0.7901 
0.00 	0.o102 
0.25 D. S. 0.8015 

Mean 	(0.801) 

0.25 U. 	0.8067 
0. 9'7; 	0.8277 
0.25 D.:. 0.8095 

Veen 	0.810 

0.25 U.3. 0.8300 
0.00 	0.8409 
0.25 D.t. 0.8244 

(0.832) 

0. 61 
0.655 
0.662 
0.660 

0.660 

0.700 
0.700 
0.700 

0.700 

0.735 
0.735 
0,735 

0.735 

0. i6c 
0. 6o 
0.760 

0.760 

.778 
0.775 
0.775 

0.775 

0.795 
0.792 
0.790 

0.792 

0.805 
0.805 
0.805 

0.80r 

0.828 
0.828 
0.825 
0.828 

Mean 

0.25 
0.00 
0.25 

Mean 

0.25 
0.00 
0.25 

V,ean 

r 0.8477 0.846 0.25 
0.00 
0.25 

Wean 

0.8706 	o.866 	0.25 
0.00 
0.25 D.S. 

Mean 

0.878 	0.25 
0.30 
0.25 D.9. 

0.870 

0.506 	0.802 

0.877 

0.705 

0.735 

0.745 

0.787 

0.808 

0.825 

0.835 

0.850 



lb 

   

61.svr nce. d2  i.n .P1c, 
from 
throat 	13oint Pte tr  zome. 
c,,Intre 	CI au g4.! 	(lenge 
in fee t. Reading .Peadings.   

     

    

ge 
Peadings. 

Obsn. Paint 	e7omt9r 
No.Gauge Gauge 

Readinvs Remdinsa • 

Run N. 6. 
0.8502 	ree now. 
0.8603 0.855 0.25 0.5981 0.625 

0.00 0.5821 0.610 
0.25 .D.9. 0.5776 0.600 
Mean 0.584) 0.615 0.735 

0. • 0.868 0.25 0.6r7 0.666 
0.00 0.6274 0.662 
O. 25 D.0, 0.6373 0.665 
Mean (0.632) 0.665 0. 	75 

o,8i2 0.886 0.25 U.S. 
0.00 

0.6785 
0.6896 

0.720 
0.720 

0.25 D.1, 0.6989 0.718 
Mean (0.698) 0.718 0.805 

4 0.9185 0.913 0.5 0.7369 0.766 
0.00 0.7433  0.766 
0.25 D. S. 0.7664 0.710 
Vean (0.755) 0.768 0.840 

0.9402 0.936 0.25 
0.00 

0,7785 
0,041 

0.808 
0.808 

0.25 0.8350 0.808 
Venn (0.806) 0.875 

6 0.9633 0.960 0.25 U.S. 0.8209 0.845 
0.00 0.8471 0.845 
0.25 D. G. 0.8717 0.845 

Mean (0.847) 0.845 90r.) 

7 0.9904 0.987 0.25 u.,,, 0.8636 0.82 
0.00 0.8958 0.830 
0.25 0.9030 0.880 
Mean 40.887) 0.880 0.935 

8 3.0080 1.005 0.25 U.T. 0.8949 0.910 
0.00 0.9212 0.905 
0.25 D. S. 0.9209 0.905 
Mean (0.909) 0.905 0 .955 

9 1.0340 1.03.',) 0.25 U. s .  0.9387 0.940 
8.00 0.9401 C.918 
0.25 L.: 0.943f:,  0.9 
Mean (0.940) 0.938 0.985 

10 i.o6i6 1.058 0. 25 11 . 0 . 9 49 0.975 
0. 00 0.9 63  0.972 0.25 D.3. 0.9686 0.972 
Mean (0.977) 0.972 1.015 



in fet ee 
Cbsn. 	 
No. Pf.7Ant Pie/someter 

Gauge Gmage 
Readings.  

ritnc4oe 
from 
throat 'Point Piefm=cter Pin7omerir 
oentre 	Gaug-e 	Gangp 	(:eauge 
in feet. Redilgs. Reainge. Reefiin 

qua Ao. 	7. 

0•950:' 	Free flow. 

0.9635 0.962 0.25 U.. 0.6786 0.708 
0.00 0.6561 0.695 
0.25 0.6375 o.675 

Mean (0. 0.695 0.805 

0.9732  0.972  0.25 11.?. 0.7028 0.735 
0.00 0.6852 0.725 
0.25 D.7d. 0.6837 

Mean (0.691) 0.730 0.850 

0.9879 0.985 0.25 U.C. 0.7398 0.778 
0.00 0.7259 0.f68 
0.25 D.S. 0.7426 0.775 

Mean (0.736) 0.775 0.885 

4 0.9977 0.997 0.25 0.7669 0.815 
0.00 0.7823 0.815 
0.25 0.7900 C.315 

Mean (0.780) 0.815 0.925 
1.0250 1.025 0.25 0.8233 0.865 

0.00 0.8221 o.865 
0.25 D.1. 0.871c'i 0.365 

Mean. (0.339) 0.865 0.955 

6 1.044? 1.043 0.25 0.8677 0.900 
0.00  0.8725 0.900 
0.25 IL-% 0.039 0.905 

Mean (o.881) 0.900 0S4M 

7 1.0738 1.070 0.25 TI.1. 0.9150 0.945 
O. 00 0.9352 0.940 
0. 25 	D.r,z. 0.9670 0.945 

Venn (0.939) 0.945 1.010 

8 1.1013 1.098 0.25 0.9564 0.985 
0 0.9682 0.982 

1.0054 0.980 

Mean (0.9b3) 0.985 1.045 

9 1.12 13 1.120 0.25 U.S. 0.9957 1.015 
0.00 1.0243 1.015 
0.25 D.S. 1.0373 1.012 

Mean (1.019) 1.015 1.075 

10 1.1534  1.150 0.25 	. 1.0415 1.055 
0.00 1.0595 1,055 
0.25 	1).t,:. . 1.oA88 1.055 

(1.057) 1.055 1.105 
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"3 
1, 	4. 

'!=.1.  12  Olouttnilt  

Dinchnr7  Obervntions.  

Ober 
No. 

1 

2 

3 

4 

1 

2 

R = 	1'31. oe 	in 
Taak In feet . 

M ... 	Time 
is Minutes. 

Discharge 
in cusec. 
= R x 155 

Mean discharge 
in cusecs. 

x 6,0 

1.380 

0.86o 

0.845 

1.040 

1.475 

1.475 

Run L. 1. 

8 

5 

5 

6 

Run 	',..). 

6 

6 

0.435 

0.435 

0.437 

0.448 

0.636 

0.636 

0.439 

0.634 
3 1.475 6 0 o.63 

4 1.460 6 o.626 

Run No. 	3. 

1 2.615 8 L 0.845 

2 1. 340 4 0.865 0.849 

3 1.305 4 0.845 

4 1.625 5 o.89 

Run No. 4. 

1. 600 4 1.0 

2 2.015 5 1.041 1.051 

3 2.470 6 1.065 

4 2.055 5 1.072 

Than 	o. 	5. 

1 3.090  6 1.328 

2 3.105 6 1.332 
1. 12- 

3 3 34&5 6 1.308 

4 3.100 1.332 

Run No. 	6. 

1 2.470 4 1.595 

2 3.050 1.575 
1.575 

3.635 6 1.570 

4 3.025 5 1.563 



Test o. 12 Continued. 

Liacharee Obse tin t I  nued  

114 

  

Oban. 
A o . 

R 	= Rize in 
Tank in. fqet 

M = Time 
in.Vinutes. 

Discharge 
in ouseoc. 

r' 

Mean 
disoharge 
in cuseos. 

x 

Ran No. 7. 

1 ?..190 3 1,885 
1. 

2 2.905 4 1.880 

3 ?.835 4 1.835 

4 2.840 4 1.835 1.835 

5 2.850 4 1.840 

Run 	o,O. 

1 2.555 3 2.205 

2. 	0 3 2.205 2.205 

2.560 3 2.205 
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The following tables show the values of the coefficient 

of discharge C cemputed from the formula 

C bd N1h 

j I -0v 
1;Ta71 

and the values of the lose of head through the different 

models of flumes tested. 

list  of notation used. 

al 
	depth of water up-stream a flume model in ft. 

d2 	depth of water inside the throat in ft:t  

13 • depth of water downstream a. flume model in ft. 

ii 	al - 	= drop inside the throat in ft. 

hL 
	di  - de3  = head lost through flume in ft. 

r 	Actual diacherge in casecs. 

Qt • discharge com'puted by the above equation. 

coefficient of discharge 

The values of 	are read from diaEram on. plate VI which 

give values of Qt by above formula when C = 1 

The tabulated results for each test are plotted in 

corresponding diagrams. Values of the lose of head h 

are plotted against values of d3  for the different flows 

corresponding to different runs. 	The curves for each model 

show the amount of heading up behind the model when the latter 

is faaced in the channel while a certain discharge 4 is flowing 

at a certain normal depth 13. 	For example the diagram of 

test I page (12.1 ) show that if wat r is originally flowing in 

the experimental rectangular channel at a rate of 0.742 cusses 

and a uniform depth of one ft, then by placing flume model A. 

in the channel the water will rise upstream the flume to a 

depth 0.032 ft higher than the original depth i.e. 11.5. depth 

will be 1.032 ft . 	The values of the coefficient of di charge 

C are plotted against the corresponding values of h 
1' a was tak.e. 	eq. the three readp-195O.2c U.S 	43.25' D•S centre of ihroat. 



Run No. () 

0.5Z4 

0.678 o.tma 

0.801 0047 

0.911 1,017 

1.057 1.08i 

1.253 1.459 

1454o 1.431 

osaao 0.180 1.580 	vs 0.911 

0.445 0,07 1.650 	.# 

c.205 0,09 1,730 9, 0.833 

0.1215 0,03 10750 tit 0.845 

0090 0,064 1,58,) 	## 

Ran o, (4) 

0.689 

k7,-.78o 

U,785 	' 90L, 

0.845 I0G1 

0054 I.12C 

1,920 1.808 0.942 

1.920 	,, 

0,820.237 2.00 Si 0.905 

0.647 (,.175 2.050 #1, 0.883 

.261.3 (a„116 2.100 #. L,802 

AAA,. 	
u.A.A.Ponnoqw.A....49101.....,110.1VMAAAMAvAiorkfoAA.RAA.A.,AA Anns..../A,<AAAMAI.P.MAP,Ate,r4Ø 

	 .41,APAAA14.01449.1,44.4 

a,

e e t 

41/46 
cusecS 

  

     

	 4.4,PANA.MAli....4*A.4VAAAAAA.r mAAAAA.AAAAAAA,A, 

 

.ANOAA*A.A.A,  

 

  

120 

0.473 

.489 

0.545 

0.614 

0,778 

0,630 

0.641 

0,09 

0.862 

1,044 

1.238 

0,980 

1.008 

1.044 

1.116 

1188 

1.52 

.4 1.136 

1.140 

1.167 

101'4)2 

10;7.42 

' 

	

0.201 	0,420 0.486 0,932 

	

0,370 0,406 	0 110 0.083 0435 	f t 	
00907 

0,470 C.490 , 0.076 0,055 0,540 	0,097 

0.50 0.576 0.048 0,0038 04505 ## 0,960 

	

0,757 0.757 0.021 0,021 00470 	1.030 

li••• n no, (2) 

	

0.325 	0,790 0.144 0,958 

	

0.420 	0.790 99 0.948 

Q.598 0.620 0.104 0,07$ 0.800 99 0.J27 

C.764 	0.766 	0.068 0. 0046 	C .a4e 	99 

	0.883 

• 1„coo 	:Luz° 	Q0ow 0.024 	0,80 	L.:0927 

1,214 1,214. 0,024 0,024 0,820 
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LE 02 R 	LS OP TEST No.2 ON Y.OD3L "3" 

Qt 	1') 
'03z 

C e0 S. 

Bun No. (1) 

0.472 0.289 0.520 0.470 0.905 

0.475 0.301 	0.373 0.174 0.102 0.520 91 0.905 

0.526 0.4.39 	0.461 0.087 0.065 0.540 0.671 

0.640 0.601 	04.610 0.039 0.030 0.500 0.941 

0.830 0.802 	0.808 0.028 0.022 0.570 t 9 0.825 

0.948 0.930 	0.932 0.018 0.014 0.530 0.887 

Run No.(2) 

0.638 0.325 0.805 0.734 0.912 

0.638 0.399 0.912 

0.720 0.615 	0.640 0.105 0.080 0.830 1,9 0.885 

0.890 0.845 	0.848 0.045 0.042 0.770 .# 0.953 

0.998 0.938 	0.966 0.040 0.032 0.805 ft 0.913 

1.072 1.035 	1.041 0.037 0.031 0.840 ** 0.875 

Run No. 	3) 

0.774 0, 	0.443 1.080 0.974 0.902 

0.778 0.499 	0.608 0.279 0.170 1.100 ** 0.685 

0.837 0.674 	0.731 0.163 0.106 1.140 *7 0.6;.)3 

0.900 0,785 	0.813 0.115 0.087 1.120 0.670 

0.975 0.897 	0.908 0.078 0.067 1.060 0.918 

1,047 0.968 	0.990 0.079 0.057 1.150 *0 0,947 

Ran No. (4) 

0.943 0.520 1.430 1.307 0.902 

0.051 0.605 	0.672 0.346 0.27 1.460 it 0.897 

0.963 0.645 	0.765 0.318 0.1.:)8 1,460 0.885 

0.1)82 0.701 	0.343 0.2(31 0.139 1.540 9, 0.850 

1.042 0.820 	0.934 0.222 0.108 1.610 0.813 

1.091 0.976 	0.988 0.115 0.105 1.400 0;":::35 

122. 
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Of  T&STNo. 3 ON ZODAx 

Run ro. 

C 8 	 

(1)  

0.467 0.222 0.505 0.475 0.942 

0.471 0.296 0.384 0.175 0.087 0.54.0 011 0.914 

0.519 0.434 0.462 0.085 0.055 0.525 t+ 0.905 

0.615 0.533 0.570 0.082 0.045 0.630 0.537 0.900 

0.682 0.631 0.647 0.051 0.035 0.60w t: 0.938 

0.782 0.747 0.759 0.035 0.023 0.55 ,, 0.953 

Ran No. (2)  

0.632 0.319 0.800  0.710 0.900 

0.633 0.515 0.800 ft 0.900 

0.67y 0.578 0,600 0.101 0.079 0,780 0.:)22 

0.787 0.711 0.738 0.076 0.049 0.830 et 0.867 

0.E352 0.805 0.820 0.047 0.032 0.740 00 0.973 

0.940 0.897 0,910 0.043 0.030 0.790 0.312 

Run io, (5) 

0.823 0.514 1.180 1.095 0.930 

0.825 0.642 1,180 0.930 

0.876 0.611 0.771 0.265 0.105 1.200 SS, 0.914 

0.944 0.796 0.858 0.148 0.086 1.28c S, 0.857 

0.996 0.853 0.918 0.143 0.078 1.350 09 0,813 

Run. No. (4) 

0.946 0.59Z 1.460 1.310 0.897 

0.950 0.654 1.460 St 0.647 

0.958 0.622 0.751 0.336 0.207 1.460 0.897 

0.990 0.709 0.877 0.281 0.113 1.550 • 0.847 

1,053 0.843 0.956 0.210 0.097 1.620 *. 0.809 

1.08 0.940 1.006 0.158 0.092 1.570 111 0.835 
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LF " 13.38 JLT OP TilST N. . 4 ON LODEL  

c a 	C 

0.445 

114.100641 

U. 	e C 

Rim No. 

0.475 0.421 0.900 

0.448 0.268 	0.330 0.180 0.118 0.475 is/ 0.900 

0.486 0.405 	0.421 0.081 0.065 0.485 ft 0.881 

0.511 0.465 	0.449 0.046 0.062 0.450 *. 0.950 

0.562 0.523 	0.519 0.039 0.043 0.495 • 0.863 

0.594 0.556 	0.560 0.038 0.034 0.455 0.939 

0.636 0.603 	0.610 0.033 0.026 0.465 Of 0.918 

Run No. 	(2) 

0.634 0.800 0.724 0.906 

0.635 0.800 ,, 0.906 

0.642 0.413 	0.506 0.229 0.136 0.810 99 0.895 

0.695 0.535 	0.1)85 0.160 0.110 0.685 ,, 0.818 

0.764  0.680 	0.6-)9 0.084 0.065 0.630 0.681 0.820 

0.831 0.765 	0.771 0.068 0.060 0.800 9* 0.852 

0.900 0.845 	0.849 0.055 0.051 0.840 $9 0.811 

1UX3 No. 	(3) 

0.796 1.120 1.005 0.898  

0.8X2 0.538 	0.634 0.274 0.173 1.150 0.873 

0.827 0.581 	0.701 0.246 0.126 1.180 00 C.852 

0.852 0.633 	'0.722 0.219 0.130 1.230 it 0.817 

0.877 0.674 	0.763 0.203 0.114 1.270 ft 0.792 

0.935 0.775 	0.840 0.160 0..095 1.280 tf 0.786 

0.986 0,857 	0,905 0.131 0.063 1.280 *9 0.786 

No.(4 ) 

1.002E? 1.58 1.418 0.898 

0.683 	0.745 0.340 0.278 1.600 It 0.887 

1.060 0.150 	0.696 0.310 0.164 1.720 *9 0.876 

1.086 0.631 	0.944 0.255 0.142 1.750 ft 0.812 



'17:46? 1o.4 V LOD.1,1,1 0' ooitiiue 

    

 

3 Qf  

 

Run No .continued 

1.140 0.910 1.004 0.230 0.136 1.830 1.418 0.776 

1.173 0.968 1.059 0.205 0.114 1.830 0.776 

1.247 1.071 1.146 U.176 $9 0.755 

A L OF RESULTS OF TEST No. 	9EL  "'Ain  

verept,...-VARI... 

ai 12 

fe et 

d3 

12 

C18, $01 

2114] 

0.469 

0.483 0.340 0.362 0.143 0.101 0.530 0.461 0.870. 

0.531 0.462 0.466 0.069 0.065 0.515 0.895 

0.564 0.495 0.500 0.069 0.064 0,555 SO 0.830 

0.591 0.43 0.545 0.048 0,046 0,500 PO 0.922 

0,628 0.579 0.580 0.049 0.048 0,540 0.853 

Ran No. (2) 
0.602 

0.627 0.463 0.493 0.164 0.134 0.780 0.660 0.847 

0.642 0.635 0.343 0.107 0.099 0.750 Olt 0.905 

0.671 0.593 0.581 0.078 0.090 0.695 /10 0.950 

0.705 0.618 0.632 0.087 0 OM 0.733 . 0.863 

0.753 0.689 0.685 0,064 0.068 0.73,5 tt 
0.897 

Run So. 

0.824 

0.828 0.519 0.612 0.309 0.216 1.200 1.064 0.887 

0.851 ...- 0.700 *444 0.151 WI, t9 
t***. 

0.904 ..... 0.763 *0.4 0.141 """" et we, 

0.935 ,.... 0.625 ..... 0.110 0400 00  00000 

0 .969 40 ,000 0.884 444.4 0.085 .... „ ..... 
0 .987 ,.4,0140 0.893 *WO 0.094 .. a a ,0 00,"0 
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TABLBZ UP RESULTS OF X:8T N0.5 ON"MODE "Xi(  continued ) 

4 G3 a 

1.012 

-An No. 

C 

(4) 

U 

1..29 0.666 0.799 0.363 0.230 1,650 1.449 0.679 
1,0,44 0.718 u.868 0.326 0.176 1.680 ft 0.865 
1.051 0.730 0.878 0.321 0.173 1.700 0.853 
1.04 0.831 0.J46 0.263 0.148 1.750 0.628 
1.170 .114 1.026 0.142 1. 

52/alLE  	 ik.:7,,StnT Or.  Tr8'1T0,6  01' 3 APZ  

u a 

Run No. 

0.405 0.276 0.410 0.375 0.916 
0.419 0.331 0.370 0.088 0.049 0.40 0.917 
0,464 0.416 0.433. 04068 0.004 0.600. I, 0.962 
0.506. 0.458 0.468 0.048 0.038 0.425 It 0.883 
0.538 0.508 0.510 0.030 0.028 0.325 IS 1.000 
0.573 0.512 0.553 0.031 0.020 0.400 0.938 
0.619 0.591 0.598. 0.028 0.021 0.396 0.948 

Run No. (2) 

0.625 0.323 0.780 0.699 0.697 
0.627 0.388 0.491 0,239 0.136 0.790 ft 0.886 
0.634 0.418 0.5a6 0.216 0.08 0.800 0.875 
0.666 0.37 u.583 0.109 0.063 0.770 0.908 
0.727 0.621 0.675 0.106 0.052 0.850 VP 0.823 
0.764 0.683 0.713 0.081 0,01 0.740 0.947 
0.838 0.783 0.794 0.055 0.044 0.770 It 0.908 
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TABLE WP RESULTS ON TESTOO. 7 	 (conxinued 

04 2 
sAP 

Ran ro. (2)  

0.672 0.337 0.870 0.783 0.902 

0.680 0.465 0.588 0.215 0.092 0,890 U.i380 

0.723 0.615 0.650 0.106 0.073 0.845 0.927 

0.749 0.648 0.680 0.101 0.069 0.865 0.90-5 

0.799 0.715 0.742 0.084 0.057 0.87Q 0$ 0.901 

0.880 0.824 0.873 0.056 0,037 0.880 0.889 

0.931 0.880 0.897 0.051 0.034 0.840 9, 0.932 

Thin No. (3)  

0.806 0.539 1,150 1.035 0.901 

0.817 0.533 0.674 0.264 0.143 1.170 ,, 0.885 

0.838 0.612 0.740 c).226 0.098 1.200 it 0.863 

0.882 0.700 0.802 0.182 0.080 1.250 ft 0.828 

0.936 0.759 0.860 0.17 0.076 1.330 1.095 0.826 

0.983 0.859 0,913 0.124 0.070 1.260 01 0.857 

1.057 0.978 1.005 0.079 0.052 1.170 ,, 0.938 

Thin No . (4)  

1.008 0.627 1.600 1.468 0.:)18 

1.017 0.673 0.817 0.344 0.200 1.630 0.902 

1.033 0.690 0.840 0.343 0,193 1.650 0-0 0.890 

1.051 0.750 0.921 C.301 0.130 1.700 0.864 

1.091 0.852 0.997 0.239 0.094 1.730 po 0.848 

1.139 0.923 1.033 0.216 0.066 1.810 u.812 

1,18 0.998 1.110 0.188 0.076 1.820 • 0.807 
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135 
- TABLE  0.t:  	 Wr  fT  140. 	011  7 ) if 

0.450 

S 

0.403 0.897 

0.070 0.042 0.450 $$ 0.8A 
0.054 0.037 0.435 $$ 0.928 

0.042 0.026 0.445  

0.030 0.016 0.425 $$ 0.950 

0.028 0.017 0.450 0.897 

0.023 0.014 0.445 t • 0,907 

0.770 0.692 0.898 

0.180 0.089 0.800 $$ 0.865 

0.143 0.060 0.815 $$ 0.850 

0.108 0.051 0.800 $$ 0.868 

0.092 0.046 u.810 0.854 

0.067 0.040 0.750 $$ 0.922 
0.059 0.055 0.760 0.910 

1.130 1.018 0.902 
0.237 0.095 1.170 $$ 0.871 

0,163 0.063 1.230 et 0.828 

0.123 0.04 1.250 tlo 0.828 

0,07 0.052 1.160 $$ 0.878 

0.075 0.042 1.15C, 21 0.886 

O. 	‘, 0.cosea.oiso , t 0.942 
N.,  

1.630 1.469 0.902 

0.273 0.136 1.650. tt 0.891 

0.266 0.105 1.700 $ • 0.865 

0.247 0.085 1.800 1111 0.816 

Rw 	. (1 ) 

0.427 	0.223 

0.465 0.395 0.425 

0.500 0.446 0.463 

0.555 0.513 0.529 

0.605 0.575 0.589 

0.661 0.633 0.344 

0.717 0.64 0.703 

Run No. (2) 

0.618 	0.425 

0.634 0.454 0.565 

0.662 0.519 0.602 

0.396 0.588 0.845 

0.725 0.633 0.679 

0.751 0.684 0.711 

0.800 0.741 0.765 

., 	Bo. (3) 

0.795 	0.443 

0.821 0.584 0.726 

0.896 0.735 0.835 

0.941 0.813 0.887 

0.990 0.893 0.958 

1. )37 0.962 0.995 

1.086 1.023 1.046 

Run No. (4) 

1.016 	0.668 

1.046 0.771 0.910 

1.075 0.809 0.970 

1.103 0.856 1.018 

jr.i5 t*NA 	 (67.Si 
1.233 1.0b9 1.165 0.174 C.068 

1, 
If 	

C . U.dlu 
0.782 tt 
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e 	e 

0.482 

'26iry 
CA. 

0.456 0.945 

RUI2 NO.(1) 

0,453 

0.466 	0.366 0.402 0.100 0.0644 0.48:1, 0.949 

0.540 	0.466 0.404 0.072 0.046 0.520 it  0.876 

0.605 	0,661 0.068 0.032 0.025 0.505 SO 0.903 

0.856 	0.835 0.840 0.021 0.016 0.515 0.885 

Run 	o. (2)  

0.738 0.990 0.900 C.00 

0.783 	0...33 0.703 0.145 0.080 1.030 O f  0.875 

0.913 	0,832 0.849 0.081 0.054 1.010 R1 

0.960 	0.905 0.933 0.075 0.047 1.050 it 

1.057 	0.001 1.020 0.060 0.637 1.040 0.865 

1.131 	1.067 1.100 0.044 0.031 0.080 $1,  0.917 

Run No. (3)  

0.879 1.300 1.209 0.930 

0.885 	0.577 0.715 0.508 0.170 1.320 0.917 

0.905 	0.632 0.761 0.273 0.144 1.360 0.889 

1.007 	0.830 0.920 0.177 0.076 1.450 OS  0.853 

1.119 	1.0:54 1.060 0.085 0.059 1.270 0.952 it 

1.145 	1.066 1.096 0.079 0.049 1.260 #  0.960 

Run No. (4)  

1.034 1.650 1.541 0.955 

1.047 	0.704 0,848 0.343 0.1(J0 1.700 , S 0.907 

1.111 	0.841 0.985 0.270 0.126 1.820 0.847 

1.180 	0.076 1.064 0.204 0.096 1.020 0.847 

1.256 	1.062 1.182 0.176 0.076 1.910 0.807 

1.311 	1.171 1.245 0.141 0.066 1.860 0.826 i• 
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T,BLaOF 2uL  O 27,9T N0.10 ON  EODEA4  

al 	(12 
d3 	Qt 

Run No. ( 1 ) 
0.440 0.210 ( 0.147 ) 0.460 0.410 0.892 
0.471 	0.386 0.422 0.085 0.049 0.470. 99 0.872 

0.43 0.461 0.066 0.058 0.465 PI 0.883 
0.53 	0.502 0.051 0..032 0..495 $0 0.628 
0.604 	0.561 . 579 0.043 0.025 0.490 tf 0.837 
0.665 	0.631 0.643 0.034 0.022 0.495 Of 0.628 

0.690 0.701 0.029 0.018 0.500 011 0.820 
Run No . (2 :  

0.664 	0.440 0.425 0.324 0.855 0.760 0.890 
0.692 	0.544 0.612 0.144 0.080 0.865 0.880 
0.741 	0.642 0.676 0.845 9$ 0.901 

0.818 	0.744 0.771 0.014 0.047 5.855 , • 0Q895 

0.886 	0.815 0.840 0.071 0.046 0.920 0.600 0.871 
0,943 	0.681 0.905 0.062 0,038, 0.920 0.871 

0.994 	0.943 0.962 0.051 0.052 0.895 ft 0.893 

Run Na . ( ) 
0.807 	.0.522 0.402 0.285 1.150 1.014 0.863 
0.821 	0.577 0.703 0.244 0.118 1.170 10  

0.855 	0.689 0.787 0.166 0.088 1.170 ft 0.867 
0.892 	0.750 0.911 0.142 0.081 1.180 ,, 0.861 
0.931 	0.822 0.859 0.109 0.072 1.140 ,, 0.891 

0.996 	0.906 0.940 0.090 0.056 1.140 • • 0.891 

1.067 	0.989 1.017 0.078 0.050 1.160 • 0.871 
Run No. ( 4 

1.054, 	0.695 0.634 0.559 1.700 1.520 0.896 
1.075 	0.748 0.910 0.327 0.265 1.750 , 9 0.869 
1,100 	0.816 0.983 0.284 0.117 1.810 • • 0.840 

1.1 	0.901 1.034 0.236 0.103 1.850 • • 0.822 
1.186 	0.999 1.105 0.187 0.081 1.800 9, 0.846 
1.234 1.088 1.152 0.146 0.082 1.750 , , 0.870 
1.254 1.117 1.181 0.137 0.073 1.750 • i 0.870 
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RZSUT3 L. '23ZT  N0.11 QV 	"I"  

sio2oLieter Ganes resdilis. 

1 C.310 0.250 0.280 0.060 0.050 0.259 0.249 .962 -19- 

3 c.385 0.330 0.3 0.055 0.015 .940 

4 ,,,,69b 0.'665 C.385 0.030 0.010 0.268 .9301 

5 0.425 ci.4.L t) .415 0,025 0.010 0.268 .930 

6 0.460 0.442 0.455 0.018 0.005 0.252 ..)88 

7 0.500 0.485 0.495 0.015 0,005 0.22 

(b; Piessomoter Gauce re 

1 	.;:he same aa 	in (a) 

(a) Point Guage rtmdirdE„ 

Wit ien d 

Lean d2  

t centre,  

1 0.310 0.250 0.060 0.030 0.259 0.249 0.962 

3 0.385 0.364 0.034 0.015 0.250 fi 0.958 

4.  0.395 0.364 0.031 0.010 0.270 0.925 

5.  0.425 0.402 0.02 0.010 0.258 0.966 

6.  0.460 0.444 0.016 0.005 0.240 1.040 

7.  0.500 0,465 0.015 0.005 0.252 0.990 



RSULTS OP Ti3T NO.11. 

Mb. 
Va. 

°meter 	b 	d 

1 0,445 0.295 	0.365 	0.150 45 0.947 

2 0.454 0 345 	0.395 	0.099 	0,059 0.485 	iis 0.958 

3 0,466 0.580 	0.425 	0,081 	0.04. 0.465 #s  0.958 

4 0,485 0.410 	0.445 	0.075 	0,040 0,470 0.947 

5 0.515 0.455 	490 	0.060 	0.025 0,470 	si " 	947 

6 g .545 0.500 	0.525 	0.048 	0.023 0.455 .978  

7 0,576 0.538 	0.560 	0.040 	0.018 0,475 	,11. 0.938 

6 0.600 0.565 	0.03.5 	Ft3.015 0.446 0.999 

,9 0.620 0.585 	0.608 	0.035 	0.012 0.465 	,, 0.958 

0.628 0.598 	0.620 	0.050 	0.008 0.440 1.001 

(b) 	Tal f2 of throat f-entro 

1.446 .288 	.157 0.470 0.947 

2 0.454 C.040 	. 114 0.945 0.472 	# ,  u 
Vann Run. 0.2. 	gjaute rob,(;" 

1 445 0.289 	0.106 0.470 	0.445 0.947 

2 0,454 0.346 	L.108 0.475 	911 0,937 

3 0.466 0.380 	1,086 0.465 	••• 0 958 

4 0.487 .407 	0.080 0,480 	PI 0.9 8 

5 0.517 0.452 	0.065 0.475 	99 0.937 

6 0,549 ,495 	5 0.028 

0,581 536 0.4EL 	s# 0.928 

8 0.604 0.5 	9 U.475 0,957 

9d, .622 0.585 	0.037 0.475 	$9 0.937 

0.629 0.597 	0.032  0.452 	.# 0.986 
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0 

(a) Takie 1-2iozozleter Gage rine (moan 

0.756 04,9.1c 

• • 	0.917 

	

, 	0 .921 

• • 	0.921 

	

,, 	0.927 

• • 	0.933 

• • 	0.933 

• • 	C.933 

• 9 	0.950 

	

$0 	0.938 
(b) Takillg Plezometer roadings(mean a at contra of throat) 

1 u .645 , .428 0.510 0.217 0.155 0.830 

2 0.648 0.455 0.560 0.193 0.088 0.325 
3 0.655 0.495 0.575 0.160 0.080 0.820 
4 0,675 0.550 0.615 0.125 0.060 0,820 
5 0.688 0.575 0.625 0.1115 0.063 0.815 
6 0.715 0.618 v.655 0.097 0.060 0.816 
7 0.735 0.645 0.685 0.090 0.05 0 0.810 
8 0.750 0.665 0.705 0,085 0..045 0.810 
9 0.820 0.758 0.795 0.062 0.025 0.19b 

10 0.852 0.795 0.830 0.051 0,022 0.80,5 

	

1 0.645 0.416 	0.227 	0.830 

	

2 Q.648 0.450 	0.198 	0.825 

	

3 6.655 0.485 	0.170 	0.830 

	

4 0.675 0.545 	0.130 	5.820 

	

' 0.688 ‘, . -570 	o .118 	0.820 

	

6 0.715 0.612 	0.103 	0.820 
7 	C, .735 0.645 	()Aix- 	0.810 
8. 0.750 0.662 	0.080 , 	0.825 
9. 0.820 0.758 	0.062 	0.795 

	

10, 0.852 0.795 	0.057 	0.805 

	

( e ) Taking 'i o int 	GauEe reed inga . 	Lean 42  
0.830 
0.830 
0.840 
0.845 
0.825 
0.815 
0.805 
,,.82.0 
0.840 
0.840 

0.756 

•• 

PO 

, 	• • 

0.910 

0,917 

0.910 

0.921 

• • 0,921 

• • 0.921 

,, 0.953 

09 0.917 
• • 0.950 
• 9 0.958 

0.756 0.911 
• • 0.911 
• 9 0.900 
,, 0.893 
# • 0.916 
## 0.27 
• • 0.938 
99 0,922 
• IP 0.900 
99 0.900 

1 0.64.8 0.419 0.229 
2 0.650 0.445 L..2p5 
3 0,658 0.473 0.185 
4 0.677 0.540 0.1371  
5 0.690 0.569 0421 
6 0.715 0.618 0.097 
7 0.735 0.648 0.087 
8 0.752 0.666 0.086 
9 0.824 0.755 0.069 

10 0.857 0.795 0.062 
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0ben. 

1 

zOiT 

0,770 1.060 
ge ime*n 

2 	.18 

2 0.7i84 0.600 0.695 0.184 0.089 1,070 tt 0.25 

3 0,796 0.640 0.715 0.156 )81 1.050 0.942 

4 815 675 0,740 0.140 0.075 1.060 1111 ►93Z 

5 0.8,50 0.708 0.765 0.1220.06. 1,040 0.952 

6 0.855 0.750 0,795 0,105 0.060 1.030 90 0.961 

7 0.876 0.7'75 0.815 01 0.1.}61. 1.040 0.952 

8 0.898 0,805 0.845 0. a 9 0.053 1.020 0,970 

9 0.925 0.835 0.875 0.090 0.050 1.060 90 933 

10 0.965 0.885 0.920 0.080 0.045 1.070 ,,  0.925 

b) 

1 

2 

a 

tem ter Caws reaJags 	an 

	

0.770 	0.530 	0.240 

	

0.784 	0.592 	0.192 

	

0.796 	0.632 	0.164 

et con 

1,070 

1,070 

1.060 

0.989 

• • 

OP 

SO 

SIP 

:Rest obser ions is in (a) 

Gee re 103  ( 	) 

1 0.772 0.521 1.070 0.989 

0,784 0.574 0.210 	69 1.080 • 

3 0.799 0.616 0,185 	0.081 1.090 0.907 

4 0.818 0.668 0.1.50 	0.075 1.080 0.916 

0.837 0.706 0.101 	0.065 . 0.924 

6 0.864 0.750 0.114 	060 1.070 oo 0.925 

7 0.802 0.781 101 	0,061 1,040 Of 0,952 

0 0.901 0.807 0.094 	0.063 1.050 tt 0.942 

9 0.926 0.837 0.089 	0 1.050 Of 0,P42 

0. 0,964 0.667 0.017 	0,145 1,040 1, 0.942 



Lib * 

meter G:', 	ead incs 4 (a) Plez. Mean d2  

1 0.847 0,600 	0,705. 0,247 0.142 1.220 1,152 0,945 

2 0.856 0.640 	0.745 0.216, 0.111 1.220. • • 0.945 

3. 0,865. 046,55 	04765 0.210 0.100 1.440 0 9 0,930 

4 0.875.  0.685 	0.765 0.190 0.090 1.240 ,, 0.930 

5 0.905 0.745 	0.625 0.160 044060-  1,250 9 9  

6 0.930 04795 	04865 0,135 0,065. 1.230 • * 0,937 

7. 04952 0.650 	0.890 04122 0.062 1.22Q• • • 	, 0.915 

8 0.913 0,660 	0.920 0.113. 0.052 1,220 • • 0.945 

9 0.997 0.898 	04945 0.099 0.052 1.160 • • 0.977 

10 1.022 0.925 	04.68 0,097 0,054 1.220 9. , 0.945 

(b) Piesometer Gauge reedin4z' ( en. f1.2  ot centre ) 

1 0,847 0.588. 0.259 1.250 1.152 0.957 

2 0.856. 0.620 04236 1.240 • • 

3 0.665 0.645 0.220 1.240. 9 .9 0.930 

4.. 0.875 04613 04200. 1.250 •• • 0..922 

5 • 0.905 04740 0.165 1.260 t t 0.915 

6 0,9ZU 0.790 0.1 1.240 .• 0,950 

7 0.952 0.826 0.124 1,230. • • 0.937 

9 0,997 0.895 0.102. 1.210 * • 0.953 

( 0 ) kvint Gauge raizaga (Elwin d2) 

1 0.850 0.67 0,283 0.142 1.240. 1.152 0.930 

2 0.858 0.50Z 0.262 04141 1.250 1/ 9 0.922 

3 0.866 0.619 0.247 0.100 1.250. • • 0.922 

4 0.676 0,652 0,224 0.090 1.270 • • 0.906 

5 04905 04718 .0.167 .0.080 1.290 9 0 0.69.5 

6 0.929 0. 785 0.144 0.065 1,2430 9 9 0.922 

7 0.952 04820. 	' 0.154 0.062.  1.260 • 9 C.915 

8 0.973 0.864 0.109 0.055 14210 9$  0.953 

9 0.999 0.897 04102 0.052 1.210 ,, 0.953 

10 1.02 0,931 0.094 0.054 1.21. 9 9 0,953 
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0bsn.4o. 	di  d
3 

h 	h
L  

dalleiveger**. 

(a) Plezometer Gauge readings 	mean (12  

1 0.962 0.720 	0.840 0.242 	0.122 1.450 1.358  0.937 

2 0.978 0.765 	0.870 0.213 	0.103 1.470 1.358  0.925 

3 0.996 0.815 	0.905 0.161 	0.091 1.440 1.358  0.943 

4 1.020 0.860 	0.94 0.160 	0.080 1.450 1.358 0.937 

5 1.043 0.895 	0.960 0.148 	0,083 1.440 1.358 0.943 

6 1.065 0.930 	0.985 0.135 	0.030 1.440 1.358 0.943 

7 1.085 0.965 	1.010 0.120 	0.075 1.40:7' 1.358 0.971 

1.115 0.995 	1.050 0.120 	0.065 1.460 1.758 0.931 

8 1.142 1.030 	1.085 0.112 	:%057 1.450 1.58  0.937 

10 1.158 1.055 	1.100 0.103 	0.058 1.440 1.358  0.943 

(b) Pie7ometer Gauge readings 	mean c1,2  at centre. 

1 0.962 0.705 0.257 1.460 1.358  0.931 

2 0.978 0.755 0.223 0.480 1.358 0.918 

3 0.996 0.805 0.191 1.450 1.358 0.937 

4 1.020 0.850 0.170 1.470 1.358 0.925 

5 1.043 0.890 0.153 1.460 1.358  0.931 

6 1.065 0.925 0.140 1.460 1.358  0.931 

7 1.085 0.955 0.130 1.470 1.358 0.925 

8 1.115 0.990 0.125 1.3581.480 0.918 

9 1.142 1.028 0.114 1.470 0.925 

10 1.158 1.050 0.136 1.450 1  1 
1.358 0.937 

(c) Point Gauge readings mean d7  

1 0.965 0.675 0.310 1.510 1.158, 0.901 

2 0.980 0.71.9 0.261 1.530 1.358 0.888 

3 1.002 0.769 0.233 1.550  1.358  0.877 

4 1.024 0.826 0.198 1.540 1.358 0.882 

5 1.046 0.876 0.170 1.510 1.358 0.900 

6 1.068 0.917 0.151 1.490 1.358 0.912 

7 1.0(18 0.951 0.137 1.480 1.358 0.918 

8 1.113 0.992  0.121 1.470 1.358 0.925 

9 1.14.2  1.031 0.111 1.440 1.358 0.943 

10 1.159 1.056 0.103 1.440 1.358 0.943 



111:0g44 OF MIT No. Ii on M01)10, 	91T4  

Oben. No. 

  

d3 

    

(a) Pi ezo,neter Gauge readings 	mean d2  

1 1.098 0.820 	0.945 0.273 	0.153 1.790 1.634 0.913 

2 1.112 0.870 	0.985 0.242 	0.127 1.790 1.634 0.913 
3 1.132 0.910 	1.020 0.222 	0.112 1.810 1.634 0.904 

4 1.148 0.950 	1.045 0.198 	0.103 1.790 1.634 0.913 

5 1.172 0.985 	1.075 0.187 	0.097  1.790 1.634 0.913 

6 1.185 1.010 	1.090 0.175 	0.095 1.780 1.634 0.918 

7 1.190 1.030 	1.105 0.168 	0.093 1.770 1.634 0.923 
8 1.714 1.055 	1.125 0.159 	0.089 1.780 1.634 0.918 

9 1.225 1.070 	1.135 0.155 	0.090 1.780 1.634 0.918 

10 1.240 1.098 	1.155 0.142 	0.085 1.760 1.634 0.928 

( b) Pi e zorrie ter Gauge readings 	mean d," at centre 

1 1.098  O.815 0.283 1.800 1.634 0.908 

2 1.112 0.855 0.257 1.810 1.634 0.903 
3 1.132 0.900 0.232 1.810 1.634 1.903 
4 1.148 0.940 1.810 1.634 0.903 

5 1.172 0.975 

0.208

19 1.810 1.634  0.903 

6 1.185 1.005 0.180 1.790 1.634 0.913 
7 1.198 1.028 0.170 1.780 1.634 0.918 
8 1.214 1.045 0.169 1.810 1.634 0.903 
9 1.225 1.065 1.800 1.634 0.908 
10 1.240 1.095 

01605  0 ..14  
1.760 1.634 0.928 

( o) Point Gauge readings mean d2 

1. 1.101 0.775 0.326 1.830 1.634 0.893 

2 1.116 0.808 0.308 1.850 1.634 0.883 

1.134 0.856 0.278 1.860 1.634 0.378 

4 1.149 0.894 0.255 1.880 1.634 0.869 

5 1.173 0.941 0.232 1.880 1.63.4  0.869 

6 1.166 0.969 0.217 1.890 1.634 •0.865 

7 1.198 0.999 0.199 1.860 1.634 0.878 

8 1.214 1.030 0.184 1.870 1.634 0.875 
9 1.226 1.049 0.177 1.870 1.634 0.875 
10 1.242 1.079 0.363 1.850 1.634 0.883 



14g 

MVO'S Q1 T3 No. IP ON MOOT', "X". RU No. I. 

Cbsn. 
No. 

obl 11.414•0•1p. 

(a) Pieorortr Gau readings 	(mean d ) 

1 0.370 0.290 0.320 0.030 	0.050 0.455 0.439 0.965 
0.393 0.340 0.368 0.058 	0.030 0.455 0.439 0.965 

3 0.430 0.385 0.410 0.045 	0.020 0.455 0.439 0.965 

4 0.455 0.413 0.440 0.037 	0.015 0.450 0.439 0.977 

5 0.485 0.453 0.472 0.032 	0.013 0.455 0.439 0.965 

6 0.518 0.490 0.506 0.028 	0.012 0.460 0.439 0.956 

7 0.54E 0.522 0.538 0.024 	0.005 0.454 0.439 0%967 

8 0.578 0.560 0.575 0.018 	0.0r,3 0.43n 0.439 1.022 

9 0.602 0.585 0.60 0.11.7 	0.002 0.430 0.439 1.022 

10 0.628 0.612 0.626 0.o36 	0.002 0.440 0.439 0.9°9 

Piero-rmter Gauge readings 	mean d,3 at centre 

The came as (a) 

(0) Point Gauge readinga. mean d- , 

I 0.372 0.288 0.084 0.465 0.4 0.945 

2 0.399 0.338 0.061 0.463 0.439 0.945 

3 0.429 0.382  0.047 0.465 0.439 0.945 

4 0.456 0.414 3.042 0.470 0.439 0.935 

5 0.486 3%451 0.035 0.475 0.439 0. 926 

6 0.520 0.488 3.032 0.490 0.439 0.397 

7 0.547 0.521 0.026 0.475 0.439 0.925 

a 0.582 0.556 0.026 0.495 0.439 r.837 

9 0.602 0.582 0.020 0.465 0.439 0.945 

10 0.632 0.61 0.020 0.490 0.439 0.897 



RZS14Ta 	UST No. 	 on M0DL "T  

(Jbsn. 
o. 

h 

( PIP; Tometer (aue .readinge 

0.466 	0.355 	0.400 	0.111 

mean d7) 

0.066 	0.655 0.634 0.968 

2 0.468 0.402 	0.440 0.086 0.048 0.655 0.634 0.968 

3 0e5050.430 	0.465 0.075 0.040 0.65 0.634 0.968 

4 0.538 0.478 	0.505  0.060 0.033 0.655 0.634 0.968 

5 0.566 0.515 	0.540 0.051 0.026 O. 655 0.634 0.968 

6 0 54 0.550 	0.570 0.044 0.024 O. 650 0.634 0.976 

7 0.625 0.383 	0.605 0.037 0.021 0.640 0.634.0.992 

8 0.645 0.617! 	0.625 0.033 0.020 1. 630 0.634 1.007 

9 0.6()3 0.640 	0.652 0.023 0.014 0.610 0.634 1.039 

10 0.680 0.650 	o.665 0.030 0.015 0.640 0.634 0-992 

kb) Pie =rater Gauge readings 	mean d2  at centre. 

Tht ie 	as 	( 	) 

(c Point Gauge 	e3tn. mean (12 

1 3.466 3.353 0.113 0.066 0.655 0.634 0.968 

2 0.409 0.40) 0.08(-; 0.048 0.670 0.634 0.947 

3 3.505 0.428 0.077 0.040 0. 660 0.634 0.962 

4 0.538 3.474 0.064 0.033 0.665 0.634 0.954 

0.568 0.511 0.057 u.026 ). 665 0.634 0.927 

6 0.596 0.547 0.049 0.024 0.675 0.634 0.940 

7 0.624 0.584 0.042 0.020 0.675 0.63.4 0.940 

6 0.645 0.609 0.03') 0.020 o.65'5 0.634 0.968 

9 o.66 ,  0.635 0.032 0.016 0.645 0.634 0.984 

10 0.682 0.647 0.035 0.015 0.685 0.634 0.926 
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aLro 0 	',IT01 Il•p. , !UN o. 

bsn . r):1; '7 471  

(a) Piewmeter Gauge readings (mean 

1 0.615 	0.525 	0.580 	0.090 0.035 0.875 0.849 0.971 

2 0.640 	0.565 	0.610 	0.075 0.030 0.865 0.849 0.982 

3 0.676 	0.612 	0.655 	0.064 0.025 9.865 0.849 0.989  

4 0.700 	0.645 	o.68o 	0.055 0.020 0.850 3.849 0.999 

5 0.725 	0.670 	O.05 	0.055 0.020 0.875 0.849 0.971 

6 0.735 	0.705 	0.7.10 	0.050 0.015 :).880 0.849 0.966 

7 0.778 	0.730 	0.760 	0.048 0.018 0.895 '.849 0.949 

8 0.800 	0.760 	0.785 	0.040 0.015 0.855 0.849 e 	0-A 

9 0.840 	0.05 	0.830 	0.035 0.010 0.845 0.849 1.005 

10 0.855 	0.816 	0.845 	0.039 0.010 0.905 0.849 0.938 

(b) Piezometer Gauge readings mean d7  at centre 

The sana as (a) 

(c) Point Ciauge readings 	me9n dp 

1 0.61:- 	().529 	0.580 	0.087 0.036 0.870 0.849 0.977 

2 0.643 	0.566 	0.610 	0.071 0.033 U.873 0.849 0.977 

3 0.616 	0.611 	0.655 	0.067 0.023 0.885 0.849 0.960 

4 0.699 	0.639 	0.680 	0.060 0.019 0.880 0.840 0.965 

5 0.725 	0.668 	0.705 	0.057 0.020 0.895 0.849 0.948 

0.756 	0.705 	0.740 	0.051 0.016 0.885 0.849 0.960 

7 0.773 	0.729 	0.70 	0.049 0.018 0.905 0.849 0.938 

8 0.803 	0.758 	0.785 	0.040 0.018 0.900 0.049 0.943 

9 0.839 	0.804 	0.830 	0.035 0.009 0.85o 0.849 0.999 

10 0.856 	0.815 	0.845 	0.041 0.011 0.910 0.449 0.933 



FOTAJLTS OF Tl&EIT No. 12 ON 0DPL "I", RUN No.  

Obsn.110. h L 

(a) Pioreoneter Gauge readilis 	mean 

1 0.65,.• 0.468 	(1.562 0.162 	0.088 1.100 1.053 0.958 

2 0.672 0.542 0.1; 	0.067 1.101 1.053 0.958  

3 0.694 0.585 	0.640 0.109 	0.054 1.070 1.053 0.985 

4 0.722 0.62.8 	c.675 0.094 	0.044 1.070 1.053 0.985 

0.747 0.660 	0.705 0.087 	0.042 1.09e) 1.053 0.967 

6 0.765 0.685 	0.730 0.080 	0.035 1.100 1.053 0.958  

7 0.790 0.715 	0.760 0.075 	0.030 1.10 ,  1.057 0.95 

8 0.610 0.746 	0.780 0.064 	0.030 1.060 1.0'y 0.995 

9 0.824 0.760 	0.797 0.064 	0.027 1.070 1.053 0.985 

10 0.833 0.770 	0.807 0.063 	0.028 1.053 0,977 

(b) Piemneter Gauge readings 	meLa 

1 0.650 0.465 0.185 1.100 1.053 0.958 

3 0.694 0.582 0.112 1.070 1.053 0.985 

5  0.747 0.662 0.085 1.075 1.053 0.980 

6 0.765 o.686 0.079 1.100 1.057 0.958 

7 0.790 0.713 0.077 1.110 1.053 • 

(c) Point Gauge resdings 	raison d2 

1 0.652 0.451 0.201 1.110 1.053 

2 0.673 0.537 0. 1 3;:-) 1.110 1.053 0.950 

3 0.697 0.569 1.070 1.053 0.985 

4 0.724 0.633 0.091 orDo 1.053 0.995 

5 0.748 0.663 0.085  1.075 1.053 0.980 

6 0.768 0.689 100  1.053 0.958 

7 0.791 0.717 0.074 1.090 1.053 0.967 

8 0.809 0.746 0.063 1.050 1.053 1.003 

9 0.825 0.758 0.067 1.090 1.053 0.967 

10 0.836 0.770 o.o66 1.100 1.053 0.958 



   

• 

  

15 2 

         

         

         

(s.a .121e.zometer Gauge readings. 	mean d2  

1 0.770 0.51.ib 	0.668 0.21,5 	0.104 1.4.(:.0 1.325 0.947 
2 0.786 0.612. 	.0.70.5 0.174 	0.081 - 	1.420 .. 0.944 
.3 0.802 0.660 	0.735 0.142 	0.067 1i80 ** 0.961 
4 0.027 0.700 	0.765 0.127 	0.06 1.390 ,* 0.95Z 

0.646 0.735. 	0.787 0..111 	0..059 1.'560 • . 0.975 
6- '3.868 0.760 	0.808 0.106 	0.054. 1.390. 0 	.. 0.956 
7, 0.878 0.775 	0.625 0.103 	0.053 1.400 ,, 0.947 

,8- 0.890 0.792 	0.845 0.098 	0.055 1.390 *., 0.953 
9 0.900 0.805 	04850 0.095 	0.050 1.390 *IF 0.955 

10 0.916 0.626 	0.870 0.068 	0.046 1...:;70 • . 0.9.-67 

i:.; 	'') :.7'i e..a...",,;Met er 	'.'S'-".:.•.::7..:.7.0 	1-n.i.:Y1‘.. ,r. ::.': 2, 	7reart. 	0.2  14t. centre. 

.4 0.786 0.6,13 C' ,:. 17i7,., 1.420 1,325 0.933 
3 0.t304 0. 0.140 1.370 . . 0.967 

(o)'20111..t 	Gauge reading •.- mean d 

1 0.77.3 C.329 0.244 1.415.0 1.425 0.927 
2 0.789 0.587 0.202 1.460. P S 0.908 
'4 0.601 • 0.8.55 0.148 1.4.00 . . 0.947 
4 0.827 0.696 0.104 1.420. - 	*, 0.95.4 
5 0.848 0.75'9 0.109: 1.550 • . 0.983 
6 0.671 0.771 0.100. 1.580 . 	It 	t 0.961 
7 0.682, 0,787 0.095- 1.30 * • 0.985 

6 C..,t3,-)2 0.801 0.091 1.040 I, 	II 0.990 

9 0.902 0.814 0.088 1.450 • , 0.98$ 

10 0.918 0.832 0.08.6 1.460 4, . 0.98$ 



tt• Obsn. 
41•10.11•••••••1111.111.....10... 

+.1 

	0.1”....1031,5,kamir.newraa 

(a) .ilezometer Gauge reaaillgl$. MODL a2  

1 0.455 .0.616 0.7Z5 0.240 0.120 1.650 1.575 0.96 

2 0.066 0.665 0.775 #0.2:::.-J3 0.093 1.650  

3 0.866 0.715 0.606 0.158 0.061 1.640 PI '5.952 

4 .0.91 0.788 0.040 0.146 0.076 1,620 ., 0.976 

5 0,92,5 0.806 0.875 0.128 0,051 1,50 99 0.986 

6 0.980 0.546 0.900 00116 0.000 JUL 09 ,;.985 

7 0.9t,7 0.660 0.936 0.107 0.062 1.610 .. 0.979 

8 1.000 0.4,6 0.966 0.100 0.050 1.800 .9 U.985 

9 1.040 0.906 0.985 0,092 0.045 1.690 .6 0.992 

10 1.068 0.972 1.015 0.046 0.04j 1.690 f f 0.992 

(b) ,Fiazometqr Gaugle readings. 	mean d2  it centre. 

1 0.855 0.610 0.245 1.650 1,575 0,966 

2 C.868 0.662 0.206 1.650 .. 0.956 

3 0.86 0.720 0.166 1.630 .. 0.947 

4 0.913 0.756 0.117 1.6:.40 s, 0.976 

(e) 2o1nt 30kge readings. mean d,  

1 0.860 0.b86 0.274 1.660 1,i-J75 0.950 

2 0.871 0.532 0.269 1.670 It i').944 

0.892 i",,.689 0.203 1.70,0 ,. 0.9:,:;7 

4 0.919 0.756 0.164 1.580 1,, 0.938 

5 0.940 0.806 0.134 1.040 0* 0.96% 

6 Q,9.(,.,.. 0.847 0.115 1.610 lit 0.979 

7 0.990 0.067 0.100 1.600 ft 0.985 

8 1.008 0.909 0.099 1.600 ft 0.985 

9 1.044 0.940 0.094 1.610 99 0.979 

10 1.061 0.977 0.1,4,4, 1.58I fir 0.998 

' 



154 

JLT OF TSIST O12.J 	140:01 1. RUN  

()ban,. 

4:1 (i) 4ezomeer Gauge readings. 	can 

1 0.962 0.695 0.805 	0.267 0.157 1.970 1.&e3 0.957 

2 0.972 0.740 0.850 	0.242 0.122 1.960 IP 0.96,.....: 

3 0.985 0.775 0.685 	0.210 0.100 1.960 ** 0.962 

4 0.997 0,81„) 0.97.5' 	0,18 0.072 1.930 ft 0.966 

1.025, 0.e65 c..1,0(-, 	0.160 0.070 1.9.:0 *IP 0,91 

6 1.04 0..900 0.980 	0.146 0.063 1.890 1.645 0.972 

7 1.Q70 0.945 1,U20 	0.1.245 0.060 1.600 ,. 0.992 

0 1.C.98 0.985 1.045 	3.213 0.053. 1.050 .. 0.992 

9 1„12o 1.015 1.075 	0.105 0.046 1.8.50 ,. 0.992 

10 1.150 1.055 1.105 	0.095 0.045 1.820 sp. 1.008 

ibl 2ieze4et',F,,r 	aaage retoi:16,1. 	Aen d 	at ere. 
2 

2 0.972 0.725 40,47 1.970 1.883 0.957 

0 ,:r.96„, 0.768 :J.217 1.980 1.883 

7 1.070 0..)40 0.160 1.90 1.665 0.974 

8 1.396 0.9,52 0.116 1.860 .835 0.967 

(o) ifroint redines, 	meah d2  

1 0.964 0.657 0.407 1.980 1.t,64 0.95% 

2 0.973 0.691 0.282 2.000 0.942 

0.988 0.736 0.252 2.020 0.933 

4 0.998 0.780 0,218 2.000 0.944, 

5 1. 0.839 0.186 2.000 J.942 

6 1.044 0.881 0,163 1.980 1.805 0.947 

7 1.074 0.939 0.135 1.910  0.986 

8 1.1;:1 0.983 0.118 1.900 ,* 0.966 

9 1.1%4 1.019 0.105 J. 

10 1.100 1.057 0.096 1.830 OP 1 002 
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Oben. 
Ao.  4 

(a) Isflozomir Gaaee reading. 	mean d.2  

1 1.070 0.775 0.905 	0.295 0.163 	..3Q0 2.205 0.957 

1.061 0.80 0.940 	0.261 0.141 	2.300 0.957 

3 1.095 0.860 0.980 	0.2.Th 0.114L) 	2.490 0.962 

4 1.105 0.895 1.010 	0.210 0.095 	2.280 tt 0.967 

1.11.'1 0.905 1.015 	0.210 0.100 	2.000 
1111 0.957 

t) 1.10 0.940 1.035 	0.190 0.095 	2.290 0.962 

7 1.155 0.990 1.075 	0.165 0.080 	2.220 02 0.993 

L1t30 1.000 1.110 	0.155 0.075 	i:.220 PP 

9 1.07 1.140 	0.140 0.075 	2.2o0 0.988 

(b) zlezoill0.rf.",4augo r 1ze. 	=an 0 	4A centre. .4 

1 1.070 0.772 0.298 Z.400 	2.2'.7)5 0.957 

2.-.1,..081 0.81L1 J.266 2.vvU ., 0.907 

3 1.093 Q4d4X., C.,;40 2.310 1011 0.953 

5 1..15 
91 0.953 

7 1,11.i 0.96::-.,  0,170 2.90 1, 0.962 

ci ioint 64iuge reaijn, 	ieij a, 
1 1.0V1 0.72 0.339 2.320 	2.205 0.949 

2 1.083 0.769 0.314 2.320 4, 0.949 

1.100 0.809 0.291 2.410 It 0.914 

4 1.108 0.841 0.267 2.400 0.918 

5 1.118 0.855 0.263 2.420 t. 0.910 

6 1.103 0.091 0.24 2.420 ., 0.910 

7 1,158 0.949 0.209 2.400 0.918 

8 1.188 1.004 0.184 2.390 4P 0.922 

9 1.820 1.061 0.109 2.400 0.918 



0.915 

0.897) 

0.904 

(.s.864 

C.96 

0.686 

0.899 

0,920 

0.892 

0.902 

0.904 

Test Run 
lb. 

5 

4 

Uptrernm 
aepth in 
feet. 

0.474 

0.66C. 

0.9t.15 

1.137 

Dischar in cu4ees._ 
.or 

Obeervea 

I 

Theoretical 

0.623 

1.550 

1.940 

9 1 0.473 0.470 0,523 

2 0.639 0.734 0.810 

3 0.774 0.974 1.60 

4. 0.946 1,307 1.460  

3 0.4 G.479 

0.534 0.719 

3. 0,824 1,5 1.160 

4 0.94s 1.460 
ule• boesfei1.1.$0,...,mr-114.40 • 

0.445 G.427 u.465 

0.634 0.724 0.800 

0.796 1.005 1.130 

4 14003 1,416 1.580 
40.041.106.41,10.0,1101, 

1 0.46t.) 0.461 0.510 

2 0.602 , 	L,L 0.750 
3. 0.82i, 1.064 1.190 

4 1.012 1.44) 1.62u 
.11R. 

1 0.406 0.375 

2 0.625 0.699 0.785 

3 0.358 1,125 1.250 

4 1.001 1.425 1.580 
 	,,.-- 0.44 1 0.45G 

2 (,..672 0.783 

3 .800 1.035 I.14G 
4 1.466 1. 

0.898 

0.907 

0.902 

:::en 
Value. 

Q. 

• 4,4P14,V 

00932 

0,928 
0.930 

Q.901 
Q.913 

0.908 
.918 

TABLE agowilla aszpvia VAIMB3 07 9/2CHARGS AND THZIN  
• 00EYA5PG-Nj3r,G 	UPSTRBAU  	 
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013;3424ED VALU38OF 

ThDflG YIT10311. U1i 	pZ 	t eQIItUOtIJ 

2estUiUpotree:a, 	 
lie. Ito, depth in 

feet. Obeervea.,  	 

ean 
Value 

0 	ei 0. 

0.463 

0.860 

1.7„0 

0.232 

0.475 

0.820 

1.0,4 

1.240 

1.470 

0.427 

(,).795 

3.C16 	 

0.453 

2 	0.738 

3 t.).379 

lu  

-1.034 

1 	0.440 

0.664 

3 	0.34.)7 

1.(.4.54  
A 44 
	1 	0.300 

L. 	0.445 

0.646 

4 	0.734 

0.016 

0.245 

4. 

1 I; 

0.410 

0.760 

1.014 

34520 

0.445 

0.75a 

0.989 

1.154 

1.358  

(.919 

0.5'00 
0.90) 

C.006 

0.g3C 

0,891 
0.921 

0.936 

0.6165 

0,

0.883 

884 
0.887 

C.89  

0.952 

0.937 

0.922 

C1.989 0.938 

0.923 

0.770 

1,125 

.10 	 

0.490 

1.010 

1..290 

1.670 

75 	4 	3. 7`.V.; 	0.013 

-1..t 	1 	0,365 

2. 	0,160 

0,561 
0 0 (347 

C.765 

6 	e*eto 

7 	950 

0.439 

C.6:34 

1.i 53 

1.57:5 

1.663 

 

04,445 

0,0 

,e;78 

1.1t".)0 

1.4-2

1.960 

2.280 

0,967 

c.158 

0.934 

0.9f.50 

0.96.2 

0.957 
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to= .;614*olcaZ 	eaturi 	ebamin 

nad armnl:ed ir uneh a ve;ir zau tlaet la c4'011 there YT4 

u7oci21 inprovezlent on the preoeding or 	Ihie was 

lzre 

 

1x order thnt 014 cilvflialcgee o2 every indivikksal 

levture in the shape oi late flume oottle, b seneratelW 

bore artar tosta. 

	

shae '. Is 3 simple in 	nxe 'with round, 

entrance whla lc pn Improvement on a simller fumo ith 

sharp Oros ot iin1ctoM -let. 	Apart from its 

dinnitrmtaFe of n autlaen cheek in the velooltg of stream 

even vlth Its rmind entrance which giros a smoother drop, 

	

aovanatreata conditions 	not only interfere wit% 

tLo atnlz.s.Roy of ixottenromens it t.t•e throat level hut are 

most un4osirnble tor the 4,4intenunco of the ouzaal bed and 

aiaes. 	ihc su,:f.den en3eroomt in 4;4,4 strfit.z:, vater 

tiootion :got downstream the eolict,e. i,Lrost Is .tec'im!'aniod 

bj eoaal&oroblo •Uturh&e MoLitte that iacrolDzes the 

look/ in the ortory 

'Zitvae 13 pfttaiar behz.vior in ;'„rie vag utre4m 

letwincf 6 con4rae‘loa ilovs la the oitirLed so(iIion down- 

stream. 	lb* jet may just otirlk.e aci;inst thumveu 

2ilover moving vitItur ana in so t'toing it high v‘,1oeity iz 

vroavoal;i ohoo4e. wh.4.10 ato LAnia ourrelAt,  ',;.00ps Its position 

aonr 

 

Vie centre of the oUtnnol• 	Mil5 was 4-flown bw the 

tests to bo not tLnve 0.41, oaso. 	taaloo 	to 

:ha otre&m tend to doviete thin gtain aurrent or jot to one 

olde or tho other. 	'Otis doviction :4:',:t;7 be verg er.3All et 

th boclaninc 1.291t onoo It is thte i ono klreotion it 

soddenly inm*#01gee are the current is totaai -Ao.Cloz.Ltoa in 
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that direotion an4 rezaatthere or sw4lgo boeli. to ita 

central posilenzt La 40 4.0:Vig L't DIZ7gojn, 11,.;t1e bit 

turtbmr than the oontre o.nd the.a.i tot,441 shit'ted to 

the o.tho;:' niJe 	The viTiter. .ilowevar*  obtlorvod that 

tiho4e 	iu 	casco a tendoacy for the p=ront to 

4eep ane waw o.  the etaler onee it \‘;aa 4fiati;ed e=eept in 

me special case la obsevatioa 	YJat 7'4).5 

elei "D°' when coLtinual 4ev; i02 Of The downstream 

ut•en Lzu iii 41414 	the c4hor oo 

fs:.,luiltint4 is 4 simple wzplcur,taor, ce this 

phanoL;ard;im. 	rirat of 1vhen lav let oS. vater love 

the ,:i,autraction thcre ia trencrermatien o velocity 

11,::edtrt.0 proi$oure head end thus thr J t rise in the 

vq. ter level. 	tontrcn,:e ei t 	x;,r6nsforation 

a vroaacize Lea& late volc:clty 	te.ts 	end thns 

there le u drap in water level ucoompunying the decrease 

la secttioa* 	1).1 e doln the stroem lince which are 

Fenerally i itL Xlewing parallel 1;0 OtAt another in 

the 11147] an7'reneh channel oily tato •s syrrtric,a1 

und emootA curved pwa and sq-atete theves tarcuch 

the ountrzl-ctWIT; nectipp without causiniz the ellhost 

turbulence. 	As theue etreal is letve the putlot 

of the coatructed sectien with c, hich voloolt; thew tena 

to diverse and t& their normAl course before emoring 

• ceataQ.Z,lo.a Lat t'zik L4e4.t 	V.:07,1z hicI v4lopity jot 

gesinSt the Izmir ztroaz.; bolt= distorts thclr nxthsnd 

the flow beeo2en Lc) loneer 8t4 ax ddict! are 

geflerallw l'exood. 	Slow t1,.a jet tha wnter 4implw 

lr 

 

it la heapol up asa pushod 	...73 4 

tho forpe of the jot. 	'JA.10en z.ho eddior iti 
Jevintohe direction of t10 	jet, tit puahlaG 

-2;;ras i3 realoned *a ono aide and tbo houpe4 up vtiter 

*starts to 'lacy.,  beck towarde tr, lattzae. 	Thia Increases 

ho dtrth of vnter in the haoLL curre= side 	tho 



proseure at the high level water on taLt side L.ushos the 

jet more and T:Jore to tho othel- side T:41til 1 is tutall 

deviated and it is then observed that the '.evel on the 

ourrem side iu much lower than that of the sL1sh baul: 

ourrem sicles 	The back current •onlw rociehes the walls 

the flume outlet and then whirls raund antler the effeet 

the outflowinr jot and builds ap a serlea o2 eddies 

us shown in ,A4:11re belor 

 

) 

 

   

sacle behaviour was observed 	.-0.4ane during bia 

tests on contnaction tind in, page 12,7 of hi a paper'* the 

following explanation o the cause is riven:.,  

" 	the strea :17ro,.1 the contraction flowed in 

the oentre of the channel the friction of this movin 

water on Lhe quiescent uator an both aides tended to 

draw thi quiet water tn,gaw from the contraction maiing 

to total w4ter lovol noar the coarsotion lover than 

at some aistance MAinDtreamo 	410 water level on both 

side of the flowing stream, in this anstnble 4:11,t4t, WWI 

the same. 	Zhe higher water dovalerea2, however,te_ded 

t..o flew back towards the contviction, and if sliEhtlw 

greater quantity ilowed bE,.ek on one side o the stream 

than on the other the w&tor level on 	aide beanie 

higher* 	e quiet wt or on this sidevtherefores  

exerted a greater pressuro on the la-owing stream than 

the miter on the opposite side, towline to oroe the 

flowing stream toward the lower aide. 

„se footn4)t,0 on -.sage 076) 
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This allowed a lnre quantity o 1Tttor to flow back on 

the hiOaer side, causing zA' still crew,er &Afiection 

The change of tho flowing strot.z fro'Ag central po1iCflI  

to a permanent tiof,ection to the side of he channel 

wa A matter ol only a few seconds." 

rt w4s observed by-  the writer that this deflection 

of eurronz, voneraily (used ' slight drop in the water 

level inside the throat on he current side nly as far 

Y3 tbout four inches up,Jtrea,m the (11tIot. 	This,lbith 

an 164  throat loni;th as na obsorvea In tho neiehbourhood 

of Alecontre of the throat where the mean throat depth 

sea taken for the dischmree compu“ations. 	2he flufaes 

tooted by 	had throat S la" long and 

that is whw the effect Of thls mato-bine of the current 

wee loft Kt the centre of the throat and affected his 

Lleasurenen:;s. 	Ls thin connection the followine is 

quoted from 	pr4ltrz. 

"It vas first thought thvt, t points ot oboorvine 

the honds would. be sufficient to definiely establish 

the conditions of flow or reotaneultr flulaoc„ but 

duo to the switehinc of the ourrer6; In the diverc 

section, It wae found necessary to observe t hood 

at idenicrl points on otoh side o4 the flu.io, 	ho 

introduction of additional oints of observiaz th 

hood is not a desirable feature, but Is neeossary to 

onsure the dependability md. accurso of the ovice" 

Pro:2 the observations of flown in differecit outlet. 

is the ten =dole tested by the writer it vas found that 

ith Model "A" in which the outlet was n short round one 

the downstream condition was in ito wt 	ith::odel"B" 

IL use sWhtly ir4Tirclred by the loncer 	ered outlet. 

ith the sume ,eneth of outlet tiid ou:ved ee  

there was herdly amy iLrovement at oil taa tho vatiLer is 

inclined to state that the tiara Itrticht one vxo ccr 
rayegrob... 

01;0 ri77 
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it was expected that the curvaltro of the face veuld Ova 

a gradual divergene belov the throat Vet it scoed that 

the affect of this wao countereoted b the:loro sudden 

divergence a 1.L:tle b 	rt,her 	caused groater 

disturbance tnd shlArpor deviation of current. 	ith tho 

loner straiht sides outlet the disturbance and deflection 

was eerried further downstream. 	Cbviously, the tartha,7 

the pQ'in of deviatiDn o ovrreM is from tha downStroum 

ead o tho throat 4i4Eit tho -sees is the effect on the levels 

Inside the threat. 	The lencthenine or the throat and 

leaving the outlet short as in Model "LI" does not Luprovo 

thee() coLditions. 	ith::,lodols("G" and "I") tho mere 

craAtal diviarconoo of the curved outlet just dov;;istroem 

the throat had the best effect 'an Improvisinc the down- 

stream conditioie. 	A. curved outlet of this 	pe le 

odvantereous ond eoenomical lu the same tiLle. a sts%Alc:_t 

sidoli outlet as in dei "Hs ublch can &iv o the so 

e'ffecit below end inside the throat noods to bowery one. 

33CT 	"tSVOIL "ca 
	

'.; 

Ourface waves inside the throat of the fl=e1 hay° 

been observoa b the writer to be the result e4-  two main 

causes:- 

(a) co drop et the rzairance to the throat. 

(b) The disturbance nd iL 1e . io oL(A.trrent dam trean 
the throat. 

The trop at the entrance is the principnl ovuse but 

the dowastroalt disturbances add* to its undosira.ble ofj;cote. 

Ii the convergino entrance ta the first seven flue 1,1o1o1s 

P'Ar/ to "(), as w:5n. be aeon from ale water surface ourves, 

the wntor surfrtce fAas gradually cs It approaches the 

thrott tint then thir.o Jo a sudden drop lt the throat Inlet, 
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this dro the rater ,orticies near the surfco flor 

la a downward direction d due to their inertia they 

tend to Llaimain thda direction ana eo drop lowor 

than the amount necessary to pv:es t required dloohare, 

belot thla :Ant of 2aximum drop the watr;.  

cariace risen ugain and Sorr4 	lisvo 	vcreen the 

throat or in the ralaale of the thro$A, or 44 our t  

wave of the We. 	The centre twie Is ervc,,sed bi the 

siclo currents at the entrance to tile throat shootinc7 

row nd throucL, he throat and cotino: 41 the oe:tx0. 

La iø,3. "An the entrance to the throat w a 

short rouni one. Ale water surface drop start,ed only 

15 inches above tho onz,ranco to the paralloll throat 

and therefore foz' the nano flow and upstream depth it 

cave the mOst sudden droi.. ao cowparted with the rest 

ei the models tested, 	-Zhi s caused A lure. sarftco 

z ,61 across tho throat below the lowest point. lase 

due to the short entrance the aide currents were del  

at a sharp ancloo  mooting' at the centre of the threat 

and lor:A4c a larce central wave, 	req4aciag the 

short round erv,raLee 	a longer twpered one us shown 

In :Odal. ":,)° both wavos 	ell6htiw rodur,;od because 

of the loos sharp drop and loss sudden deflection cf 

side carreas at ontrunce tf throat, 	141 

the s&.,: leneth c:Z ant:ranee is eoxvod Ovine .øt11 bet,ter 

offsets. in model sit" the 	tapered entrance 

reduced the euddcnneon o the drop considerably so can 

b 300D by =ring the water surXace (zurves ofit 

o.4.91 -S4 	with the proceding.onee. 

The entrance of del "In gave tho m:Jst 	ooaditions. 

oan be soon tram the water surface curves o Test (10) 

peagee eS - 	thot the wuter surice dro started 

at the entrance to the inlet. t,nd was so iTrudual ftro  

smooth .r it through an(1 there vas boo sudden drop at the 



entreice to the ra1L1 throot. 	In other vords tho 

mter Terrace eurve was practicull7 one smooth curve from 

the entrance ,,) 1;he conVorinv Inlet to the dornstroam 

end of the tro,flt. 	The writer recomnende this feature 

in the aoslm of vonLuri flut4e. 	'211e surSaeo waves 

in—sAdo the threat with high flows end laree total drop 

are ./14r 	due to the craze 41 end as can be seen 

from the water saeft!oe curves o 2set Ne,t10) Y3un 3 

observations(4-7) and tun 4 observations(5-7), are meetly 

auo to the down stream disturbances. 

The downstream diaturbanee culd the deflection of the 

outlet current cause the surtes water to ruah in and out 

of the dovnstrota 'art of the that e.nd onuses surface 

W.woe which make th," 1vo1 obeemmtiona triside the throat 

very difficult nnd kinecuratf,k, 	.11w1 the trot 

=gide 84" long in 	t ro,5 on 'oO1 !"I Instead of ] 	mo 

in 	7o.4 on sumo g4delv  the eriect of the dounotroom 

aisturbance und done Ion of ourrent was YJore noticed 

Instle the throat end daring observation (3) "Atn (3) 

7.ost No.( :)) the pulsatinE wave tumid° the throat caused 

verletion in the voter surface me shownb F  the dotted 

lino on the watr ourZace ourvea• 	This sho za that 

the effect of the dernutreom disturbance should be 

reduced first bw iiravinu the shape of outlet before 

altering the len,;:th of throat. 
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However, rith a g qt, 
 
Ion ou'wlet ao thut of tho 

venturi flue 1,orted b lassro Ilzon and rlzu zoo 

Piro 11 tD a loncor thoot eeVe stef.Aicr radinvel 

171 the threat. 

tone surface waves take p1 	a1,114mito the 

throat level gauee the latter will civ inatacurata 

readlnock 	The degree of inecourtc. deponds upon tho 

mavaitudo L.ad 	eX tLe vave. 	If a c,uge that 

dircot.,,  records the actual vx.er tiopth as for =ample 

Fraduutod calico built in the well of the num or any 

other i:1.uct, i.5orkAne OP .Tio principle of the rota cAuco 

used 	the writer ivo Plate III) thon the depth of viaor 

recorded maw be hif7her or - wer thon the 4:etIne 	In case 

of 6.auce wells whioh vlLi work on the same princirie as the 

o.lometor eaugoo uced b;,,  the vAriter (3ce nate II) arA 

pace 07) the waves insido the throat will cili'ect the 

rftdings in quite a A.4:ferent manner. 	T4e .vosults of 

test 11 end 12 thu rt te e=ects ver;,! plainl;" and 

seem to verify biro theory that the v;tor denth under a 

wave iz not orrml to he static pressure ON the bed, ti o 1)%tter 

bein 1ieht1y hirher under a wave troth and lower under u 

wtve crest. 	Iv this 	 oti u the following is au abotrzict 

of a report on Arate by nr F*B4Meillan on wave pressure 

on ohip6. 	414se 	hav& shom that it La not correct 

to esemm that the latiture ou 'who aide of v ship is equal 

to the hydrostatic) head of the wave. 	:hero seems to be 

draging effect o the ovigwater which reduces the 

pressure •nt the crest 821d increasen it flt 	troh, The 

Nrmri tion o • pr43soure undwc any eiven noint during the Pno-lraU0  

of 	wave is leas than the stio fruivelent of t!le vave 

beih 
	

the ttcT,utal rutio vrzr;ving from 6C o7u;* 	44,60 

,vessu.v roducl,ion ia duo to the kdraullo action of the 

movin wave, 	lAlc crest of the vgvs tho 'water movinc 
,"- 

24 rA,le ;,;ngineerine :::.40ooz4 	poz 
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upwaras oxorts an upward thrunt whi3Oh tord to reduce the 

downward preinure due to the holuht of 0A0 	the 

trouFh the domwsrd rao-itine 'eater increases t 	static hoNC., 

The tendency la thus towards squelisinE the estreuaes oS 

pressure. 

illizozvter and Axromoter 3e.row ;:clat otuce resdins 

at points 0.2.51  uratresm contra, $5,t mre, and tt 

dTanotreso centre of vArtalel tla.ost Lre 1111oed 4w the 

writer for airent observations or difiervot r4of 

tests 11 vnd U f4a shown in the TO:aw4i3g dt4grams 

pnges 02--  4 V 11S-10 , FO r tho high flow rune .fevic obrmtiona 

not plotol to avoid over- ,,:;„pint of curve, 	ate 

Zlesemeter cauos readiny of the ;',-;ean rirenaure botween 

the poirei of obeorvation and the cvleullAed 1:Joan of point 

eaup-A readince aro ass ploLtea 

oonoul ing the above mentio! d digrams it owl be 

even that', 

1, The 7-dro 	pressure ft greater than the ao4aul 

depth below a wave trough sad la lciwa below a. wave crest, 

2, ?he :ear Tiezenster Gouco re ii: 	or hy4roatetic 

pre3suran are ax1j equal to the caean depth when the 

proamtve hole are under part of a trough and  

crest of e wave, 	011 the other hind the 4,oan Niarestio 

prnseuron are hlpher or lover than the mean dopth ithe 

ronsu.re holed F 	all under rl ,auve tuf,7h or a rave orogt 

roopeettv 	eo.oring the water $urfnoo QUXITOS of 

ths,  first eight liodolo tested( vzi.h those of Uodol ri of 

7:3t ro.1J) it x1111 be nov,leId that; the 16or elvoa Vhio 

moat uniflm quvres anA. O. least surface we inaiao the 

throat4  

4,0' I ltit,1 UZI  TEV_Qt: GAUV:L* 

7rom the above th :riter recomf:enaa t best p1000 

1-er n 	L lui:0 to be rhere the effect 	tahAnEe3 

duo to sr-race 7;,:yee f-ro leDst. 	Aculn bit  •oonealtice the 

tater sar2eco el.trTtU Pt; tkifferent water levnls and ilous ior 
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depth alonE the whole lent] o taxoet while the point 

OlUce readint% 	ho either higher Jr lover than the 

monn =lose the mvoNsurcTien are taken tt; law se well 
a‘t 

63, histh pointa. 	In pruatice*however*  the toc.4 
hrarost9tia nnwure 	tha middle portion ol th thred.i 

can be observeJ on ono vw:e voll morkine %Xt;er the 

principle 0: the writt,rspie3ometer gasEes onlato ii. 

the zn actunI i* depth at tsvo 	vihreo r,wintsinthe 

throe,.; eon ot14 bdobT;cdned 	seporsto f.,:sosuro.14ati4S. 

Yrom the above, the '64ritei•eonoluflos that uttue,e iil 

%Are not only xore pritios1 to we laut give more acearute 

vauee OX r.)etn d 	imaido the throat. 	Tafpincs 

cell. be te'Len lor2 	.Loner central portion of the thro4 

doolred but ao Ii . the easo of the ririter tents th 

%iddle loaf or 11.e. throat larth will be uriou.çh4 	1,1so 

tappiare eorosa the whole wilth of the throt4t as shown 

on --14t( 11 are bound t•o ribtr.,',er results than siae 

tapplogson1 , ospeciP.14 in the Ow303 when the deflection 

ed: the eLownetreen current effect the level lLoide the 

throat and it will 3 Clre 314.1r1ng; two elm** well one on 

either sie,10 	 bis kir R * L.,,i2areite.11* 

'Slott icau.i.;..o  vie1l4 of i goo 	.esign Ovitt record the 

variation in this ivo1imeide the wall to a eugiicientlz,7 

accurate niv:.;ber u 	oiv,11 points will 1.ie :fAr bot':,er 

remi.ta than aei1e divided gew:e bui& into the 

ULAD LOS2  

be 

',the theoretical enery hoad. 	Mott %Ill 
(cl Yin( 3 Y1) z43  	29  

where 4 t  4a4 	gre the depth 	veleitw upatrem 6n4 

d 	enA v s,re the deilth 	eoc.downstreeal. 5 	3  

As Me dif:OSIOnco b‹-treen v and vs  la OPUOrkilly =gall 

the velooltz 	or bo 11,0100tea TIna the dro$: 	Imter 
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level(di qwhich is refered to by the vriter *a hL  can 

bt/ tncs the hetAd lost, 	la fact it i the heading 

up above the normal depth dz due to the existence of the 

Of course the amother the llow throueh the 

flume la t less vA.11 be the imlue of h1st 	rouhness 

of tho bed and sides of tho 	are cn 1:4ortanz factor. 

The curves shoring the values o hi, for different values 

of 4 and 11 show that h, increswes with ;4 for the saulo 
44 

In other qorde the hiOler tho velocitw le insiaa the 

throat the lose ist'ae recovery in t 	nVCXth5, ovitiet. 

Bororo oe'rrWine; on 'Zest ".11 eh the seam 	ft 

tnid same width oi throat, the steel channel was repainted 

and the pieces o the wdel uere plcned t4aa szlioothad. 

Zhis reduced the values of HL consiiiertbll t can bo ee 

by comporinc the diagr*ne of the tests Nos 	and 11, 

With the same loacti but a 2" wider throat the values for 

1 for satv v,ques of 4 Ana 63  are niueh 1.0e. 	if vie 

compare the curves Q hi, :for tests 11 ana 12 pe (Isgvis13), 

we find, for exa4,10 that with dz = 	and 4 about 

1.6 cusses, a, • ,12' vith 6" throat and 	.0.,(A81  with 

0" throat, 
* *4 as * * *4 * * * * — * 
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Iti 'the comiAzttitioras of the *value 	Ci in the 

clisolimrce formula 	sot cb.4 =1-2  

vaitts of 4 lieziottri by ,t  

ooulrfod frow the bbove eqw-Jtion 	f.ire red 

from the eilooharo diagrume nut;e14 	Mime 

of di 44d 	uoro 	,f,4, Vas 14,strasis 	aud the 

mean point coact rea(iins 3° uotream st oentre fxia ap 

dow,astroum the ,01,1,re o‘i„ 	iu oaoh 'utAle in :Coate 

1 t,;‘) iu 	ths 	croata no4r 

tha oentre 	r< riot taken iii 	Cho 

v410,00 	2 	ars plotted agltiust of h for eaoh teat 

gs shoviLk ,u tug 	oUth u thi 	bles 

of reaults, 

klcOA testa lio.11 tInd 1Z 011 tU4.6" on& 8 1,:oliel"I" 

the visauetsi di uni 	wore ta'4en 	ovoh run it.1 three 

separate vets 

(s) 	Usues roudings 	J 	in the 

middle p4rtiou of hreht; 

(b) 	Uw4 	14: 	c14)  at centre 

of 

 

trot; 

-uce re‘4114 	ia 

ligies el C; wee 	Aleotr4c4 iYee ouch set and 

pfo',;tei Get,inst 	oorrespolIdinE; vcfaas 	b as shown 

on A.,*t41' t3 wad 9. 

theetionl 

iloc, of rule And  
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The movn =ryes or t)ac.3-.., sot for both 01  nnd 

	

r..ro 1,-;lottea t-lothqr on ,"lf.It,e 	&loam: the oti'ect el the 

vutletion of the mtio 	tlic opeffiotont ol 

die ohurees 

	

Prey totual'i 	cl in the pert.praph ore 

0 =Ton 	tak." 	once reeecst;,i,naed.q thwriter 

be tallen iato ceznideratic!U* 	If t tappin6 

vtalFe well oau onlw be ot the cZ 	z throat s  

ourveu (b) ohew that tire ditfereme ie most FA vord low 

Cwoo, but thew tem'. to riye the istwo vn111404 Eto (01 curves 

with higher drope. 	Zle (C4.) ourveo shov 	4-0(c)evrves 

ot sLi 	between drupe a_ nbvut 0,06t and 

0.151  on, dna to the eZgeot ofaur- e wtvce vM the 

ffererg;te between fEetua aer4b. end Ljdreetutio 

pressureu 	hl rne 	dzop# 	Ii we aeR,ftre 

then° tre (ol curies on auto 4 7e4ith the covffielont 

,:mrve en discran o Unit No.10 p 	(140 1 it can b zeta 

that all cAtorne-Ose curVe (Wad ho beet; arvon 14r 2ow; 

Ifc.W ehrrinc. 	so,:w lawp. 	0*Calcicilt *4r.es -ler 

Teets no0.2,7 tiO. 9 chav the .tme tendcney. 
	-4:Vo2:1 

'a.° doubt of the noalrtoy ef such cux-ves tioby Fivo ro 

oeupliwtte). reit.tion Imttoon C •ctne,  h tht,:n those ,:,!„,ven by 

oLxvee (r.) ane. (b) 	:ha 1.x.1.4.41it,  01 	h oi the earvea 

() tnd (b) for the TeN,ts !c11 (-4,6 la 	.3:. 4otorkted 

by the writer and the Carve vlottet iro poitto 

fxem each formulJ,  to shTan 	
in ette oteeen  



Comrem.od formulae Xor ooeffto Loa of diacharoo ;- 

VI)? Teat Yo.11 ,41A4It 6° thrvat odel 

Curve (e1 givO, 

tytt *905 + 	too:  
h 

1,1 rivets:- 

114. s? 

rev ;:et n0.12 with a* 	t 	I" 

Cr; ry o io) givest. 

C 	4,947 .a 
h+ 

eve( b ) Oxon t 

h+  

The netula Zr 0 m4y clven E4neral4 

	

cX + 	
+ X 

	

hero , /3 ard A depend 	 ll o dimens.Orte end 

mrtterifti of fanrieuv4. 	A 	ol th:io ohltve le 

von! ortay 	nt11,:1.  

Vte eonora fozai1to4: :Icou i1i t.b4 

Is )  bviLl igh  
h 	/ 

A 	 bl At\ L 

\I I 	d 
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3h/Wing ;Lin:Limn upetrohz IN6:AOr 449141110r 

elisobarve at true flow Jr in GLhor words the maxlweal 

61sehArges for Flvel, 14,strewa vniuus uT di  r,re. ple;:ted 

es showa on Plat,' .LI from the ditETsma Q :late VI and 

T1,e': aro very n(p..rly otrvIcht lin 	rIn (1) 4or 
efr  

the„tbrot,t 

(75 

5  

1.484 ,c7-unfwo 

(2) to,-  the 84  throat 

raax 	23.0 
	

40G watleos. 

2).15 b2 
	

1.4" oupee., 

the velOeM vf appr aoh is mitlectea pd todem:Anatur 

of Ole OlooretioeI Z'ruliala of flow Is matted the toroutt; 

for 

c secs . 

Th veloity ieu is icoleroll:i ad4ed to 	an 

IS; 

Hi cusem 

111 the teblee showing the muximum flows, the vtlAws 10r 

cet  'were reed from the ourves 	"lets VT. Lao tniforrat7 

of Use oompated vcaaes GI C shou, 	ti:.1 the fiwe uo4ols 

on give fcir4 vool3mte reuults with free slow oenditions 

erd nerAly the sgme &looherc:e curv. 
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1. 	The urn Venturi flume vez given to a device 

emperimentel on amt. by itroiroM•Cone who published hie 

preliainary report on snore in 1917 0. 

This report was intended to brine to light th 

idea of uciEg the Venturi. Flume efficiently.  and advent re--

allay in tenuring the flew of rater in canals for irriFatien. 

The experiments. were carried in the Y4dranlic Laborntori et 

tort Collins Colorado, 

11* 	In a paper entitled 'Txperiments on the flog of water 

through contractions in an. open. ehannel " by JU.r•Lene,t 

valuable information is even on conditiona of flow through 

aif. rent contreetions that lead to the conclucion. supporting 

the choice of the vanturi flume as the test form of contrectio 

for the gauging of water flow. 	Tests were made on sharp 

gad round. edged contractions, Short flumes with round and 

chart) cornered entranees and en an expanding flume with round 

entrance end gradually expending outlet. 	Re tests were 

made o 	vehturi flume with converging inlet and diverging.. 

outlet. 

The ii,n 7urrone of the teats was not to develop a 

flow measuring device but to inveutigate the two well ':norn 

formalw of flow, d'Aubtasson's and eiebacher,  (see AppeinAz(3) 

Sections (c) and (d). 	'Acric3ver, 1:* Lane reccyl-ended the 

sharp edged cont.zetion es a discharge measuring device 

posaessing all the requireents of ea idol one. 

0 See Journal of Agricultural Research Volu,ae tX, 
April Zara, LAV. 

:Vrocoedincs klerieen Gociety o 	,,ngineers, 
11014MA 85 -*age 1149. 	1920. 
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III.In t3 paper entitled the Vegtari 31ume„ by 

2.1r.Ralph L.Parahall,z  a report is given on the reaulte of 

expertaents conducted at he Cornell Hydraulic Laboratory and 

Et the Field Laboratory on the Cache la Paudre River it 

Ilellevue neer Port Collins Colorado. 	The teots rare 

carried aat on restangular and V notch Venturi Plumes. 

IV. An article by Mr k.3. .ileon and Yl* 	00 

gives valuable results on inves:igations on two designs of 

restaagular Venturi Plumes. 

V. Professor Alezander 7•Jameson, U.Se.,11 tast.C.B. 

of King's College, London carried aat scrae wrperilante on a 

wooden tilting flume at King's ollege. 	in the vapor 

entitled "The Venturi ?lame and the efZect of Contractions 

open Channels- 	valuable ini'orlationsoonoerning this 

device are given. 

VI. 2r N.L.ParsAall with the intention o dere:tor ag 

a simpler device made some taste and appli ,,d the Same theory 

to what he eolled "The improved Venturi :?lume" 

n :;ete Bulletin 265 of the Agricalt‘ral -.4xriaent jtation 
of the Colorado Agricultural College, ?ellrulry,lni. 

0 54). p.454 Volume t:15 Lngineerinr 7,4tus Record. 

07A ?his paper •es re Ed on .1une 30th„1925„ in a meetine of 
the Institution of - eter "Iminers in Burlington v!ouse. 
Y,ee also page 2Y1 of the ':ater in. 	ter 'agineering 
of :uly 20tL„ 1925. 

2lee :roceedings American octety C.1,4 of 6ertember,1925, 
page 1340. 



178 

I\ 	,  

1. 	The preliAinary experiments made b;,; Mr.,V.One 

In 1915 ere made on different deAgno of sections end 

relative proportions of thy different parts of rectangular, 

trapezoidal and triangular V. flumes and from thole, * 

standard design for each type was chosen. 	:Mure (1)1) 

shows the standard tne for rectangular V.flwmes and airo 

the beet position recomleaded for gauge wells. 

It was observed that as \later passed through the 

flmme tnere was c ltht surface slope in the converging 

section, nrather sudden drop in the throat anda rice in 

the diverging section. 	This fell and rice of v;Lter surface 

curve generally takes place here the depth in contracted 

section ie above the critical. 	This Is shown in cases 2 

and 3 of 	I„.ppendix (8). 	The sudtion drop in the 

throat is due to the sharp corer at the throat entrnce. 

The loss of he was small. 

Referring to tets on rectangular V.flumec r one 

lentioned that "the greater the length of converging and 

Averg.ng parte and a round ng o the throat section would  

result in less loss of head and greeter accurac,11 in 

rAensurement of flow. The standard type was chosen r a 

compromise betwe n accuracy and cost; 

The sizes of the flumes of re tangular section 

experimental upon were considered by  byr Cone as not ler 

enouptjh to warrant a formula for general Ilse. 	The WTI 

agrovis that limited tests on ltAted sizes of any device 

cannot lead to the estallishAent of any general law that 

can be uued in practice for any size and myterial of the 

same device unless the laws of sir 	&re very certfully 

followed during” the tests on the all mode. 

orever, it is quite probable tn./A 1.f tere is a 

defini,e lay; for a riVen ie and latcrial„ a similar law 71ny 
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5 TAN 0 /4 RD RECTRIVG.UL/9/7 taw 7LIR/ FLUME 

AS ReCOMMENOED BY Mrtl. M. CONE 
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hold soot for enother size of the same t111;e with eone 

elterntionc in value of the coefficients allowing for such 

departure i siva an material* 

One gauge box hao been arbitrarily located as shown 

in 2igure (1)1) et 6 elstance of 	tAirds the length os:! the 

converging sectiou i.e. twice the throat width froo! the 

u, stream face of the throat 	This pocition was shosen 

in order to avoid any pozeible influence due to contraction 
currents x'ear the entrance to the eonverging section of the 

:awn°. 
The throat gauge wee located at the midele of the 

throat section where the drop in water was maxinum 

The zeros of both gauges were adjusted 

exactly at the elevotion 0. the level floor of the flume 

Plecharee enrve for standard rectangular Venturi 

flues (see Figure (/)D) are piven in —r Cone's .Fiore! 2,30  

and 4 for £lurnee, I, 1.5 and 2 feet vide at the throat. 

Mn "able I o thio discussion (on blue prirt) 

discharges shown in Columns (4), (9) and (14) Rre reed fron 

the above Aentioned dischRtge diaorams corresronding to 

given values of upper gauge readings 1,e, upstream depths 

(d i ), and oiffercnces betoeen upper anc throat gauge readings 

(h) shown in Colns (1) and ( ), 	0olumns ($), (9) and (13 

rive the theoretical flows computed by the forilula 

b, ,Itgh  
ron 15 Ap 	7 (3)) 

I  - 	t). 	

(See for', 

in which, &oeordiag to the atanderd proportion in eigure (1)11. 

width at upper gauge 	el 

	

3 	throat width 

b2 	throat ridth 

3 
7 

end q 

 

62ck. 2\17.gT) 
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Col:cle (6), (1'1) and the coeff'cient ) give veleee 

oi eieleharge (e) to be multiplied ley the above formele to 

give the actual flow as indicated he the discharge diegrens. 

Vanes of flow La Column (4), (9) and (14) ire plotted es 

ohown dotted ( 	) in 3 correeponeing diagrals in fienree 

(2, 3, and il)D 

VItues oe the eoefficients of f/ow in Column ( 

(11) end (M are aloo plotted eea not velues of (h) for e-

value o d i  in :figure (5) D and ror eeeh value of b2  in 

Apure (6)D as Shown in both ingerec by the dotted eurvev 

4fr R.L. a 
	n his paper len the Venturi flume 

otated thet due to enadequate facilities it vac not possible 

to ()erre the original inveetigations sterted by ;,:r V'ee.Cone 

to the point most desir6b1e from an irrigation standpoint. 

Oubeeeuent teats were ceeried out under the supervision ef 

Dr ';';choder nnd the late eeofeueor Tune on large steed flumes 

'Thee tests were eant to properlr correlate all'the te,,etc 

previauely made be er Cone and reselted in the illecovery of 

varioue new cheracterietice of the fluele. 

The same standard type wee need for testc an 

rectangalar fluAeu. The floor vas level and placed at the 

elevation of the grade of the channel. The leneth or the 

throat section lens arbitrarily tea= as 1 foot for the variou

3i e8. 
 

Gouge welle ane poition of epper and throat geuree 

were the to as previouclg mentioned in coneection with 

Ur eonefs tests except that, due to =itching of the eurreel 

in the diverging section it wee found neceseere to observe 

the heads at identical point on eeeh eide of the fluem. 7ht 

13 eme to the effect of the eide cerrent epleined by the 

writer on enge...... 

A law of flow ves eutabl Shed from eeeerimentel erte 

„4, 
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for application to eises up to 5 Xot throt.t of the 

standard t 	(?igure 1J) viz. 

c 	a, T41  

4c3 aF, 

Ithere 	e:)efficietn of diSchtrge is given bl 1- 

C 	0.9575: _ c).0175 + 	- 0.163 	) 

olt 

In r arsha11 prITA/r t 	Utng ot'.tion in 

uued inuttad of the ratters notatiaa:- 

Lor b 7_ 	 gOr 

Ro. 	 Tor 

In Table I, Colr„Ins (7), 1 	and (17) ere 

compated fa"om the stove formula for C and from these values 

of Q end the theoretical flow in Columns ("), (e) $7.nd (13 

Columns (5),(10) and (15) ere coraputed, 

isdharees corresponding to .!7! Cones for the came hrads, 

eischarges 'EQ.*: plotted on disprems of 

:Aguree ( 6, wad 	D and are Shown thus 	). 

Alec Ur Pershall's coefficients of discharge aro plotted 

on diagrams Figures (5, 6 and 7) D ana ere shown 

The oiseharge diagrams and the ooefficients 

diagram rigure (7)1 show that Cone s discharges ware elwcya 

less than Parshall's e.::ceyA in the caBe of the 1 foot throat 

flume. 	rasa iu this latter cao Cone's discharpou and 

hence the coefficients tend to fall below Iershall's a the 

up .troum depth decreftses below 1.4 feet. 

"gure (7) D shols that both r Cone* 

arshall's coefficients :for a given upstream 31oad decreases 

for lar:Fmr size flumes, 

Agars .(6) D shows tint for both :.71° Cone's and 

ur 	lts the coefficients tend to have for each t%roat 

wiatha constant average for all vrilaes of d betreen i.0W 

to h .2 ft and Vicqond = abmt 0.2 ft,thc coefficient for 
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a given h And b2  decTetze as d 

As the reonits of 	Cone's and 	2orchall's 

tests considered separately agree in many ftfltures, the. 

slight dtfference in actual values rlay be ade to inck of • 

facilities in carring the first testsand also to.  loss 

accuracy in the observation' of heads, 	Also the oririnal 

dote of mr Cone's tests were taken into account tri ostablih- 

lag the ebove i'ormala for C 	can be taken as a final 

one established from two separate. teats* 



CONE — Showingpia. rarn 	Valetas  

II h = 	•1 	•2. 
0 Throal width tr2  = I Foob 

Feet- 	 • 2 	• 3 	Feet h. 
= 1-5o Fee 

• 2• 	 Fed. 
62. zi 2 • o Feed 
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0 	_co 	0 0 -13-  a 
C 	 1%) 4-T) 6)  E 
0 	ei 	c 0 	, 
V 0 (1- 	6' 	(22 

Table (I) Cone'S anal Pa r sha Ws discharges a.nci. Coeffic;ents For same type 

o f rec...1-onguLar Venturi Flume For given Valves or 	, or,d h 

-c v -kJ 	S. oz, 	tr2, d. ji....;7; 
v v 	Q - ______! ____ __ ..i4 .a_ 

0. GO 0.0 5 	1.072 1.610 	2.144 	1.070 

0.07 	1.21 3 	1.152D 2.426 	1.190 
0 . t o 1.354 2-030 2.7o8 1-320 
0 .15 1.472 2 220 2-944 1-440 

0.g0 0.05 1.442. 2.210 2.924 1.510 

0.07 t-ipt30 2.520 3.360 1.670 
0. to t 915 	2.670 3.830 1 .850 

O - 13 2-1.5 0 3230 4.300 2.060 
0 • 20. 2•268 3.400 4.536 2.210 

1.00 0.05 1.864 2.795 3728 I .960 

0.07 2.450 3.23o 4.300 2.190 
0.10 2.465 3.700 4.930 2-440 
0.15 2•830 4.240 .5.66o 2.750 
0.2o 3.050 4.570 6.100 3-o00 

0.3o 3.210 4.815 5.420 3.35o 

1.20 0.05 2.260 3.390 4.52o 2.360 
0.07 2.620 3.930 5.2.40 2.680 
0.1 a 	3.030 4.55o 6.o6o 303o0 

o.15 3-510 5.270 7.020 3.430 
0.20 3.830 5.745 7-660 3.74o 
0.3o 4.165 6.230 8.330 4.200 
o-35 4-210 6.310 8.420 4.320 

1-40 0.0 5 2-650 3.970 5.300 2.740 
0.07 3.095 4.625 6.170 3.12o 
0 .10 3.590 5-380 7.18 0 .3.580 
0.15 4.190 6.280 8.300 .4010 

0-20 4.620 6•930 9.240 4.530 
0.30 5.120 7.6130 10.240 5.120  
0.40 5.320 7.98o 10.640 5.430 

C 1_, s lees cusecs  

1.019 1.560 1.625 0.968 I.009 2.050 2.135 0.957 0.997 
1.001 1.750 1-.601 o.962. 0.992 2.30o 2.380 0.903 0.981 

0.985 1.340 1 .980 0.956 0.976 2.5So 2.615-  0.943 0.967 

o.984 2.140 2-165 o.963 0.975 
1. 014 2.130 2.22.0 0.963 1.004 2.800 2.900 0. 959 0.993 

1.00 ( 2.420 2-Soc 0.96o 0.992_ 3.180 3-300 0.947 0.982. 

0,988 2-730 2.810 0.950 o.973 3-580 3.710 0.935 6.949 

0.980 3.oSo 3.135 0.945 0.971 4.000 4.130 0.930 0.943 

0.991 3.260 3.338 0.957 0.982_ 4.280 4.415 0.943 0.971 

1.011 2.730 2-Soo 0.9So 1.001 3.500 3.695 0.935 '1.991 

1. 00 1 3420 3.20o 0.967 0.991 4.00o 4.22o 0.930 0.981  

o.989 3.550 3.628 0.5610 0.990 4.580 4280 0.923  Ct -97(  
0.991 4030 4 .12.0 0.950 0.972_ .5- 250 5. 4 So 0.327 0.363 

0.983 4.350 4.450 0.952. 0.974 5.62.0 5.890 0.322. a.%6 

1 .0 2 5 4.820 4-890 1.003 1.015 6.(so 6.47o 0.957 1 .005 

140) 3350 3.385 0.918 0 .998 4-2 so 4.475 0.947 0.985 

I. 000 3.8.50 3.830 0.98o  0.990 4.910 S. pl a 0 .937 0.981 
0.990 4. zloo 4.465 0.967 0.981 S.6 3o. 5.896 0.937 0,972 

0.981 S.050 5.130 0.950 0.973 6.500 6.770 0.927 0.'64 

0.9S I 5.50o 548o 0.957 0.971 7.100 7.390 6927 0.963 

1.004 6. loo 6-20o 0.678 0.S95' 7.750 ,¢.2 zo 0..930 o 

1.019 6.2.90 6.425 0.957 1.018 - - - 

I•eog 3-950 0,953 0.995" 4.930 5.226 0.925 ia38L 

0.998 4.53o 4-Soo 0.980 0,9t3 5.70o 6.050 0.924 0.9Yo 

0.991 5.250 5.280 0.975 0.991 6.63o 6 .9g o 0.923 0.72.. 

0.982 6.100 6.120 0.970 0.973 7.730 8%090 6.322 o,%c  

0.98o 6.680 6 730 o.965 0.971 8.500 8.940 ci.9Zo o.963 

0.954 7.450 7-570 0.976 0-9235.  9.500 to-coo 0.928 0.976 

1 .032 8.000 8.17o 1.001 1.022  

V) el u._ 	
j I  - 1  ( C.,-1) 2 	

o u...c 
0_ p . _ , 49 -, ,  

	

E ' .1`2 d 	 £ 	2._.- d 

	

-II ..v) 13. 	-6 D 	-a 	"V  	a -. = 	r) ° 
1 e/ 	 -C 	-.  -C Z 
1  C 0) fi e it 	0g 	0 	r Cr) 0 g  

	

0 .0 	L. 6 	 ii 	0 CI  

	

a 	u 4 cr. 12 u A  t22  2 1 u 

E 	
lr, --:- 2 Fee& 

n) 	Theore.1-; ca.. L. 	tr.2.  = 1 	ro o k 	6,2, = 1.5 Fee 6 

Flaw c 	.
. 	 • I 

et 	 V -d 	 "Dischar9e, Coefficient    Discharge ' CoeFficienc -Disc hor3e Coe.f.f tct ent 

h lr,L.1 ly:L.i.s.  d, ty,.. 2. L 
Feet Feet Cubic ft Per sec 	Cu sees 

C 	 C 	 C, 

1. 092 0 .998 

• 214 0.975 

1.334 0.968 
1.450 0 -673 
1.483 1.o 33 

1.663 0.994 
1.694 0 ,963 
2.108 0.957 

2.250 0.974 

1.885 1. 052 
2.150 1.016 
2-4.40 0.990 

2.77 5  0  .5? 2- 
3.0oo 0.983 
3.290 1.043 
2.275 1.043 
2.620  1.01 

3 _000 0.990 
3.440 0.978 
3.760 0.977 
4.180 1•oc5 

4.330 1.025 

2.668 1.033 

3.080 1.0a. 

0.996 3.560  

4120 0.980 
4.530 0.9132, 
5.490 • oo 

5.490 1- 0 22_ 

0 (1) 	0 	® 	 0 0 al 0 	0 0 	0 .40.0 .&!o 	 --akD 



Fig 2 D 	Discharge curves for rectangular ilenturi,' Flume  
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Fig 3 D 
	

Discharge curves for rectangular Ver, Kiri.' Flume. 
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nr 	*Tinne teLlts 

Inperinental ;Aunt. 	(See r'1711re (8) In 

2* ?or Ui'3encx.rwlent of octnel Oischarge a cali,rcted 

weir of the 44.poletti type Was used* 	The. h4t4 

721egvared 10' upnirena o weir, 

5. Moat Gauges as shown in ?ire (6) D were used for the 

detrelinntion of Ieve/s* 	Hoo2: :17.nngee were also need, 

4. Teets were made on 

1. Sher and round edge contractiono* 

•nort flume with round entransc* 

Z. Short flume with sharp entrance,. 

4* 	ding flu with round entrance in expandi 

04 tiet. 

Only the round entrance short nnd 

disaassed by the writer in this paper.  

Zech run of teats conzioted of oboervation of diso)large 

depths above ana below contraction and of vter surface 

levnton at several statiOns er.aced 0.25' along the flu'Aee 

(a) ;cirt flume (roll d entranc ) 

-Ft, survoe aurves tm ?igure (9 D) were plotted by th.e 

writer frOn data given in Tsble 4 page 1165 of :!'r Tome's 

paper. 

eoeficients tcw3pated for points iv the neighbmrhood 

of the lowest point in the contraction nre &hosen by the 

writer (see Table (1) ), 'because the theoretical discherge 

computed by tking the depth ;tut below the en trace en a in.. 

the equations of 21.1a, tre leas the. the actual values of flow 

and therefore rive toefliciento o discharge 'or e then -1141ty 

a0.0 the observation of depths Weide the contraction nef:!r the. 

maximum larop are the only ones comparable with ctses and 

seSumptions under which the. given forlalezv-•of flow were 

theoretictlly obtained* 	(ace Appendiz 
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TESTS ON PLOW or WATER THROUGH CONTRACTIONS. 

/14.No Mel 
Th 'west 

O . 

•6,51PC/17 79 4,1-/i/Ce 

'LOA r CRUCE 

ic-/:5, (8) .0 

Steel Pere 
yraadvaled 
_L. PIA al IZIPO, 1P/eh 
00 

(Step 10, for 
)Cie 4/67,? 
waiter depth. 

„ 
3/8  ft,ibc 

, Buss rod 

Cylimafticol 
912/v. iron 

"cii;:r dr, fi.46 e . 

//oaf 
diem, 

Conical 6stfoln 

" 4 , VS ci.dem 
ha/es I" above 
60410m 

,c; t 

trt 

/O'  Om. 

2 

P/amed beards 

0 



r. 
1111110111111111.: 	an 

• 1M1: 

111 " :tiha  

AIM 
MUNI ■ 

 !MINN I 
1 width : 	Jilin?"  

	

man diLaharlii 	 

	

dpil ippile r  pomp! 	h li Igir  +WI ci Oita 1 kLabiliNismile • Enda ir rir rimmur 



In t;.e three rune es shown in '!able 2  

the leest depth was practically 2/.3 of the net heed 

Thc tail water de.. 	iv lee thcz /3 11 in runs 1 and 

and little more then three. 

Sy the netthead in this case is meant the original 

head TT minus the loss of bead or (a* 	) 	It i.0 also 2s 

be noticed that due to tTie i 	of he. the de7,:th ineide 

the c'_)ntraotion viich is about - 3).1 or de  iB not in thia 

caee 

 

tae depth that rives the maxilem dieenrge with the 

iI.ven upstream head P. 	-.ith or wtthout a loss of head, 

t entrance the 6own',3tream depth for Ttaxilule flow is two 

thirds of the upstream hetzd I. 	hen there lo e lose of 

head the depth o mazia:m discharge le higAer th n the 

critical depth Inside u ( trestioa. 

The depth jest below the flume waa little higher 

than the depth inside the contraction• 	This wan due to 

a stationary wave :armed lust bo/ore the aatlet of the flume 

Lane's explained this phenomenon thus :- 'This leold 

indicate a 43:tight recovery of head or (lunge from velocity 

to elevation head of the weter after leving the flue,' 

This neans to have been accomplished In n stationery wave 

which occurred at the lower end of the flume' 

Tindtng Flum 

ding f1ue eeetnted on by Mr 7,:ene 

consisted of a round caged contraction followed by a 

divergent =Usti. 	Plmeraeions are as shown in small aketell 

in ?ture (10)14 

each run, oh!Arvations of levels from which 

valusa of CdA  anecoyere eolputed, were ten nt several 

positious along: the fluue in the same manner as in the eaee 

of short filmes. 

The following ttA3le 3 page.... was reojutd from 

data fixes. in !th13  (6) to (IC in 	Iane's paper pages 

1160 	-ater ourface eurres are cleo shown in Fie(Io)D 

C 	C 	are d'AubLiisson's v We+ sbach s Coe Ff Cie ni-s r es? eci-,  veiv • 
A otA 
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Tbe (2.) 
The following Tat'ac (' wae computed by the writer 

from data given in Table N .4 page 1165 in 'thr Lane's paper. 

a, • 	h 	11-13 
11 - a2 

1.1.10 

Feet CuseCs 

1.410 0.884 o.8Og 0.526 asts-  4.73: S.10 0.528 

1.317 0.829 0.82c 0.488 (3.455 4 .6 J.7 4.55 o. 53o 

1 .164 0.730 0.738 0.434 o.73e a. 337 3 

TA3121 (3) 	Oomprited from date Given In Table 6 

page liG6 	in ..Lr Lane's paper. 

iCs• 

- a se cs 

u.iuu 0.442 3.1J00 6.290 0.913 

i.080 0,638 0.321 0.159 3.1uO 3.590 0315 

1.110 0.724 0..;.11 0.386 0.119 3.20C 3.590 0.891 

1.180 0.922 1.087 0.2,b8 U.093 3.2tA. 3.810 0.840 

1.32U 1.163 1.253 0.157 0.067 3.100 .5.740 0.828 
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24:1,.ce  10  
In the originel. L.z.:hies the tlischare was obllerved 

to. vary slightlY 170T each Observation alonp! the flame*  The. 
writers  llowevert  took the Aean dischcrge ta,atend. of the 
variable, ones* 	Th1s will riot make any sprreciable 
differenee* 

In calculatin the value o C the. writer tack. only 

into contdertion the depth at the lovect point inside 

the throat, This is usually followed by a uurface wsve 

which gives an orronecav vraue of the mean if taken into 

account, 	';oe page..., 'On the effect of eurface waves,  

inside the throat of flumes*  

IV* 	:;?..34ailoon and C Aowright j  (15-2-0) expertlented 
on tuo designs of rectangt 	entur flumes, 	z,;7.ch flume 
had 	throat titath of W' inches equal to 1/3 with o 
chnnxiel, 	The length of the converging part was three 

times the throat widt ann that of the divorrine riart was 

ten times the throat width 2 gire (11; 	The throat 

length of the arst 41ume 101.8 24 ii:zoes and that of the 

seC ond. was ) inches, 

The flumes were built of tongued and grooved 

dressed cypress pith the grain horizontal 	channel A7:) 

reinforced concrete 

Discharges werem sured in a 400 cubic ft capacity 

Aeasearing tank* 

ilver;). 	elonc tht ra71 a pair of orposite 
I inoh pipe openingc were built into the coricrete, These 

entered the side of the canal zior. a 	art (fi or i!zontallzr 

with inverts level with the floor* 

The gauee he coLvAsted of 6 inch iron pines 
with cylindrical copper flots provided with radial Ann. 

In order to varzi the depth in the flume while 

keeping the discharge constant ad,lustable syston of 
picets Was erranred -t the bot on of the canal to beck 
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u the water to the desired extent* 	This vac done to 

avoid unequal distribution 7flichwould bave been caucl)d, 

by an ordinary gate or weir 

V:nell ran coneleted of A single tank reeesurement 

Of discharge and a reading of each gauge, The avegge 

three or more similar runs was terqed 'eet - and tabulated 

for computation and Tlettings 

The coeffielents of diseharge wore colputed from 

the same forlale 16 

Values Of q for given values of h and di  ar 

plotted by the writer on a logarithmic 'iet 	res (.i2 ;D 

and (13)D only few observations or sots oorress,onding to 

values of d, act near as possible to the round values 1.0. 

1.5, Ld, 2, s.n n.na ;;.,4 feet were chosen and plotted 

from both the trtblea of the 0" X 0 throat flume Aram 

(12) D sad 8"X 24"Ithroat flume Tigare (151). 	The pothts 

on the dlegrams ere loiaed Iv straight line aad vAlon 

possible by aprraTinate 10'31W00. 	Curves s't-loing the 

theoretic]. floe Nith C 1 in Zorlule are oleo *plotted 

on each diefrem. 	eipure (12) 	s'eove that the results 

fere the 8 X Cr trot for upstreem detthe above 1.8 feet 

sad !W erencø oJ heed of (is than 10 feet were 

ureliable„ Lot only, as is ,;;tcted. in the ori7inel r4port 

because of the peculiar phone MT1OA of the decrease in b 

with increase in q Vat ciao as can be seen from the 

diagrall, because of the considerc.,ble yriation Zro the 

theoretical curvee giving trrtraL;rly varying values of 

0 mach greater than unity, 	It was zwationed in the 

report on these t aste tLet - this varietion was entirely 

due to the preeence of Vf1700 of various t7pec suFertosed 

on the otherwise natural surf 	of the Inter flowing 

through the throat. these existing on account of the 

tendenc;i and sons conditions for th,!: tall ater to ran 

back into the thToat", 
	Tht tendency seems to be 

5v..t VocA moVe iv% v.f..1V 



192. 

el:leo:zed b-,7 the increase in 	 .,ty Then the difference in 

head h t increased.4 

Pigares (13) D aAd (14) 1.) elow that et low vallles 

11 with the throat length three times the rietth, the vartetim 

in c LI not ee lrregulsr tis in the otos o the CI" X 3" throat 

beeise in the case o the 8" X P4" throat the Fsure oTeninSS 

In the throat were t7n.'ee timest 	r from the 	treal end 

o the throat as in the 8- 'K. 8r one and therefore the ganp,e 

readings 	nut ue badly affected b.77 the 147r,Vee in the 

diVergenoe. 

l'1.eare (14) part o& diagrams (12)D and (13) D 

for valu s of h above 0.1 is plotted to flouble the :IC ale, 

It shows that for both lengths of the throat the variation in 

is regulm: Abe h = 0.1 nnd that -1)oints of the 8'4  X 8' 

th:rost and npproTiran4-e aurves joinin.g theca r closer to 

theoretical curves vhere C 1 

In ?igure (15) I, wares of C erg plott d aminst 

valaes 

 

& h for the two thromt lan?the, 	TJ,, °soh case the 

value of el  (to the nearest second decimal) are also lqritten 

netr each. voint. 	BzT joining equal values of d, b 

erTroximate carves it is observed by the v,criter that the 

variation in c wit% dl  is very rmch imilar to that shown 

by ox 'a avA Parshall'o curves in ?igure (5) D, 	Tt can be 

also seen that the it c7;xve passing t7nrough ell the points 

le mri.ch flatter ir te c:,.!.?e of the 24" throat than i the 

at,se o.';: the 8" on,1,  

MO,  

Sec cares (50-4) Itol.C15 '''rgineering News 	ord. 

t 	or. 'j:;t of surfee. earves IA Side the 
throat of a Venturi Flume". 
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D iiairarn shewin9 values ric Q for given h anal 

prom observations by Wilson Wright:  

Q) 
0,3 0.040 

. 
0.020 

0.004 

1)1:.char9e. in Cubic Feel- per second, 

	

ihrough lrera u r Flume g" 	oca width rec.V.(A.,(3..)14 

	

S" 	 ten•t 

Fi,.3(12.) 
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ezperiaeate by Profesor Aleznder Jrrlealon were 

made La a 44 ft long X 14i inches deer wooden tilting flume 

at RlIT's College, London. The flume was net to n gradient 

0f 1528, 	The rater %vie supplied through a 4 inch pipe 

by means of a 4 inch oentrlfrTal pump, Alone- the . -pply 

pipe there urs a ventl.lri metr calibrated by direct measure- 

ment ta a sump (450 gallons eapacity). 	The eter constant 

was 0.9)o. 

The discharge entered the flume ti. -a.oue% a stilliurt 

ten% with batflee. 	The derth was re;-.11attd. 1)7 means of a 

weir at the lower end, of the flume. 

ngure (16) D ohms the def3len of the venturi flume 

usee,, The depths were measured by ripe c receosed in the 

he of the flume with smell holes in t top at thot 1.5 

inches centres, lending to vertlorA glass Fauges outnide 

the flume refAing to .0r:)1 ft. 	One Fauge w at the entr; 

to the converging section, another orris at the entry to tie 

throt,,tand °nix-  ta certrin tests there rt.s a third gau7c at 

the end o: the divergence. 	,a0h set wao the lvvere of 

to 9 readings. no formela used for the computation of 

fLow throagh the flume rice 

Q A,. 2_8 (H1 -du) 

in 4,1hiel'i the notation in simply altin.ed to corresr,ond with 

the wrifer6, on pass 

r the tpplication o. this forvrtla thnt rack's not 

lueliAe the unin 	f channel (t,1  ) t  the volocit;./ of 

approach vi  met be krivom. 	'.owcrer, tf b i  it ircioma, it 

will be .or 	trect to y;,rite the &Mt forma:. 1,-.a the form 

of 11003X, Nue '11,pendix (0 

In the followIng, tablea 4(on blue print) Columns 

(C) are taten from Table (1) prge 5 

in the o,rtginal pcpc7. 	'tde rolaintnc columm are computed 

by the write7:. 

In the ecnyvatation. oft4e th,loretlool aldrpe 

par d Is noted 1):,r 17-„, 	by Tri awl' 4, by h . 

165 
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formals (15) was used. taking h 	1.2.3 Teet 	.51:14. ft 

as shown in rigare (16) 

7cilues of C in olain (f)) 17,re ,lotted on a 

logarithmic nhot au dho',Ta in rigure CIO) D 	 it vtluss 

of h in C'.olumn (5). 	nd lino loiniv tc points gives a 

relation tm 1.04 h 	thtio raamin:t t 	generni 

og flow for the special fin:no in -.r.r7,r,,,re (16)D 

Q= 1.(34 bta, Nrig h 

etueen h m 0.J3 to h 

Da ..0)1e 4 4et 1 it will be noticed. that the rcp h was 

very snail and the depth /aside the contraction wee weil 

above the critical value. 	According to section (d) 

Appendix (9) 	water wxrace curve in the expaast on 

followed the high stage (see Appendix (5)) and a water 

depth .003 ft less than the original wee restord. (zee 

1sare (U) 

In oet II the d:rop was almost e-",aotly ono thrill of the 

to:1AI eaorgy hoed Tit  und acoordins to section (a) APPeridix 

(9) fitly the theoretical dicchare 'Ito the la:KA-num 

poeuible which equals 3.085 132.  HI  as Shown by the ag7eo- 

ent 4i Coluaas (7) and (14). 	'.3econd1y the deth inside 

the contruetin 1J-.; the critical Iral'ae (see Appendix (6))„ 

una according to :Aotion (d) Append:I.% (9) the water surface 

carve ellowed the low atage as shown ia Agare (18)D. 

la sat III the otioerved values o d ure a little more than 

f de  = .637 H) aa La II it it All be noticed that not 

only the taveretical flow wee very netr17 the maximum flow  

bat also the water aurfuce curve in the exputsiek followed 

the low stele becadve had it follored the Ltea atzrz.ge c, 

hydraulic txwp wouldaot ha7e hce; possilae (5co'2eetioa A 

Appendir 0)). 	This proves that, nocordiag to theory 

the water ‘:.,vrface met have dropped below the erition 'mina 

dropped .007 feet last downstr CA the throat gauge 
which 1s quite peueible. 
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PROP. A. JAMESONS TESTS. 

flouyh lo ion of i/eniuri dr/dmre fe.sf-ece  

and Warg•er sve/erce  eve' berS for different' .st-As  . 

Siraighe  toara//e/ Iheoal- 
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A 2PE;VDIX 

WTEVATIG4 OFGENZHAL vORMULA OF PLOW OF WATER IN OPEN 

CHANNELS. 

In Figure 1 let b c be a stream tube of small 

cross ciectional area Kt in a steady stream of cross- 

sectional area A. 

The centre line of the tube intersects the planes 

(1) and (2) in b and c 

At section (1) 

= depth of b below water surface. 

s, = height of b above datum plane. 

P.2 = depth of c below water surface. 

height of c above datum plane. 

h 	- drop of water level from section. (1) to (2) 

= distance betvyeen sections (1) and (2) 

- head lost in friction in tube from b to c 

= total head lost in friction from section 

(1) to section (2) 

Applying Bernoul is Theorem to points b and c 

200 

we get 
P. 	V, 4. 2. 
W 2g 

2. 
P2. Vi h, __ __ 	4 

2g 

 

(') 

 

Sum-ling up for all the tubes forming the whole 

stream we get 

vt 
2g • z ) z,)  

2. 	I.  
± 1-1 , 	_ __ _ ( 

	

or 	(-E' .4. .0., 	
Z„ - -27P  ....Z ) = 	 - 	2) VI- VI  

W 2.1 	 2d 0 
R + 	1 _ 1-),. 	z  _ k 

	

Rut 	- W 	w 	 2. 

Prom (2) 	h = 	V 	
...,_ 

•̂.• 	, 
', 	 ÷ Hr 	- - - - - - - - (3) 

	

0 . 	
2,  
2d

\i 	
r  

As h is the same or all the tubes and vi  end 

va  can be approximately taken. as the mean of velocities 

at section (1) and (2) respectively, we can put 



Fig 

Ptessure of b /63 per s?vare jet . 

2oi  

• 
P2= 
	 c 	•• 

	
• • 

Weight of IN 4 k • 	/4 5 per C 2 C ff 

IVafe, Site ',ace Slaibc :if  /7  

•• 

d• dd 5-1 

i -Se 

Fig C?) 



h 29.  ith • . • . 	. 6 . . 	* • • 6 • ( 4 ) 
L 

and \1 	
., 

2-17-vi'  zg 	zes OO**OPS.00*(5) 

Let 	1  the wetted perimeter of channel section, v be 

either the mean velocity or the root of the mean of the 

squares of velocities between section (1) and (2), and. 

£ be the coefficient of roughness of section. 

Then HF = F v1" P. (6) 24 

 

Also assuTAng vi  = v 
d-v and 	= v CC( 

dm ft 
V?  we get 26 	 (7 ) 

(neglecting small quantities of the second order) 

Substituting from (4),(5),(6) and (7) in (3) we get 
v lei . sie 	7_ 

Ah 	m A 	 .4J\' .P.. .. 	( 8 ) 

2: P-111-  . a Putting h 	in ( C ) and then dividing byA€we get cue 
dk _ v . dv + F vl.. P 	 ( 9 ) ... olt. - 8 dt 	zg A 

In ?Agure 2 

= depth of water in section (1) 

1{ • 	 I 11 
	 ( )  

i = slope of bed 

1  4. -.1, ST ,-. 	ctti . gP + d ,_ and a  
die 

I 	d  	i S:e . a4i 	g -e 4- d i  4 Cc-LiC1 - Se dl 
or  

a Ot ' 
:rom -ohich 	Z = c,i 4. ALL 

de (At 
or 

Substituting in (9) 	we obtain 

*444 
eLe 	4g • a  -r 	ic • 

V 	2b  gvL.  p 
(10) 

Equation (10) is the fundamental egution of fI• t En7 

section. 

202. 
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A P P E N T 

RELATION :BET7TEEN DEPTHS ATe VELOCITIES 02 2L0W III:le„IN  

CHANNEL AND IN CONMACTED  SECTION. 

The effect of a side contraction et any section 

in a channel on a flowing stream is eenerelly en increase 

in the original nerma depth pest above the contnetion, 

followed by a drop belov, that depth inside the contraction. 

The d ptn pbove the contract ion and the drop will depend 

upon the flow and. the ratio of contraction. 	The tail 

level may be below, the same or above the level in 

contraction. 	The first two ceses ere generally eccom- 

panied by a hydraulic jump to be diecossed later. 	In the 

third case the tail water depth will differ from the 

upseream depth by an amount derending upon the amount of 

drop in tae throat or in other words upon the velocity 

inside the throat. 	This difference between the uretreem 

end tail level is known as the loss of head. 

Generale speaking, alterations in the shape of water 

surface curve above, inside, and below contraction very 

with the original conditions of flow and with the nalur. 

of the contraction. 	e generel rule, the velocity 

inside the contraction increases and the depth deceases, 

12eceptions to this rule will be discussed leter. 
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APPEliDIX ( ) 

a &LATION 	 DIaadARGE AliD LJPTiiL di141) d 

fr simple illustration a smooth channel with 

horizontal bed and rectangular section in the main channel and 

in contraction as in Figure (3), then. equation (1) Appendix (1) 

becomes P. \f i t  P, vt 
(11) 

Taking v and vz as the mean velocities at sections (1) and (2) 

we can apply euation (11) to points L. and -13 on the bed 

figure 3 

As before, 
•=c1 .7. depth of A below w!-Aer surface w 

P, 
9 9 	9 • B 	9 

1. 
d 	= d y2 

I 2g 2. 2g 

2 
V7_ or 	

- r- da, 2g - 2g 

Let rAdth of main channel = b, 

( 12) 

(Fig.3) 	(13) 

and „ 	„ contraJted section bt  

„ hen the discharge 	ot di vi 	b2  d2  v„ . 	(13a) 

	

vit 	( 

substituting in equation (li3) we get 

Et 7i(tc:)1= 	(13b) 

and substituting from (13bi for vl  in (13a) we fet:- 

	

(D _ 	 
	(14) _ 

The following cases are based on the above formula (14) 

(a) jue to the effect of contraction in a suddenly reduced 

section, 4t1wein introduced a coefficient 	and put 

= b, d, v, 	- E  b d, v 

and thus equation (14) became. 

C) 6.4, 177J;  	(14a) 
4 - 

(b) If the reduction in section. is gradual through 

convergent side v,alls as in Figure (b), then eecan be dropped 

and formula (.14) can be used. 	till in this cae a 

coefficient of flow to suit the ,upecialcothraction and 
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,  
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roughness of flume may be reeuired and we get 

Q =  C 	 

J1-  OV 
(c) 

AT 
	(15) 

The problem can be also treated as that of a 

submerged weir pith the crest flush with the bed of the 

channel, 

ieferrine to Figure (3) and applying equation (12) 

V, 
2t 	2g 

. V,= 	2.17i— J a. +.•-4- 

and 	0 = 17..cc .1;/ d, 	(id) 

le.plyine a coefficient of discharge G A  we obtain d'enbnisson' 

formula :- 

0 	cciA 	12.t   (16a) 
Denoting (d i  - 	) by h 

and (d i  - 	the last equation can be 

written - 0 CAA  le,o(,,Feire„ 	(16b) 

The value of C per unit width of contracted section according 

for formula (16) is represented graphically by the shaded 

area (b 0 d e) Figure (3). 

(d) eeisbach added to the theoretical flow from formula 

(1(), the flow in the top part above d treated separately as 

in the case of a weir with head above the crest = 

This maces the discharge C Per unit width of contracted 

section eeual to the total shaded area represented by (a a a e 

l'iure 0 

p7lyin a coefficient of discharge C  we get the forr;iula for 

the total flow according to :eisbech 
1J1 

C 	
3 %. 	h + 14 di, 	. 	 117). 

(e) . 	If the drop in water level in passing through a 

long contraction takes Place in two stages i.e. the total 

drop inside the contraction is nand after leaving the 
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ontraction is h3as in Aure 	then 
	

be explained 

in the following Appendix (4) the depth d2  is the depth in 

contraction corresponding to the maximum discharge under 

a head an that d romaim,  unchned and equal to % A 2. 
 

so 10118 as ds  is less than d%  

H, 
In this case h 	= 2 

and from equation (16b) 

	

() = caLJj 	= C  ‘171i 	"1,1-IL 
sh  

= 3.085 C 	H, 	in Fool- Second un;l-s. 

y 	,4DIX(4). 

kEpTa  Oi? LAX 
	

DIPCAA 1E. 

IA any section in an open flume, let 

H. 	depth+ velocity head = a 	NIL  24  

In a smooth horizontal flume of costant section and 

sectional area will be constant at all sections along the 

flume and the value of v and therefore the discharge 

depends upon 6. 	The question is no to find the value of 

d that ,,Ives maximum & for o. given val,,e of 

e hrve 	- d+ 

[H, = 	4 2-41 ,tcg 

 

Q 
clQ 
dd 

d.4 

= 	

AL9.4 

= A 	17-1 

F276  
dA 

= F:4 

  

(where A = sectional area) 

and 

  

A  
2t-,F7d. 

 

    

      

      

2H ci  

I. the top width = 	ft 

we get 1(‘ dd 	dA 

cLA 
=w 

an 	.11AL 	aw CH-d)  A  d 	
2.4 14 -a 

cld 

,, to b 

or 

or 

• = 
a maximum • 44 

yv (H-d) = A 

H- 	. 
2W 

0 



In a restangular action 

and d for wax dicharge 

1.c. d 	I' 1 ........(20) 

iT 	(i 
A 

v‘t ......... (19 ) 
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2 and A = -- 3 

Thus giving waxium dischire 

max = 4-271 • t H 
3A. 

= 3 0,85 w H 	(in feet see unite)(20a) 

In this case 	V 	 2g(-i-d) 

J2(2j) 

gd 

prom the above we conclude that ir the water depth below 

a contraction with a round entrance as in ,-lure (3) or 

a gradual convergent entrance as in Tiuure (4) in less 

than the depth for :aaximun flow as given by equation (20) 

correspendin to a given upstrean head d then the depth 

indide the contraction will adjust itself to that depth of 

maxtaum flow which is, in other 'ords, the le.ut depth to 

allow the flow in tae main channel to mass through the 

contraction. 	There rill be in this case another drop to 

the tail 'dlter level just below the contraction. 	If the 

depth of tail rater I e ual to the depth for maximum 

discharge or 2/4 A, the depth inside the coJitraction till 

be the same as the tail water depth. 	if the tail water 

level is above h then the depth inside the contraction will  
be say y feet lower than the tail water level such that 

3rop at ontrunce in feet 	y- loss of head through 

contraction in feet. 
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P  4 	D I X 	(5). 

AITEJATIVE DEPTHS OR ALTEICATIV7 STAGES OF FLOW. 

Prom the formu.16. d -4- A- = H 
26 

d + .Q 	H 
tv.-ag 

and in the rectangular fection of ,A,(Ith b, ,ebd 
4 

+  	H or d3  Q 	H 	0 	(21) ece2g 
Equation (1) i 	cubic equation in d and for a ostant 

head A and discharge umd width b we can obtain three values 

of d of which one value ic negative or impossible. 	The 

other wo are the two possible depths of the water under the 

given conditions. 	The lower value of d is called the "low 

stage depth" and the higher value is called the 'high stage 

depth". 

Taking a constant value of H equal say 9 ft and b = 10 ft 

we can plot from the following table a curve as in Figure (8) 

showing variation of 	with d. 	The table is calculated 

from e . e.ation (31) 

d as 	1 2 3 4 5 6 7 8 9 

Ad 9 	36 81 144 225 324 441 576 

d" 	1 	8 27 	64 125 216 34e 512 

8 	28 54 	80 100 108 98 64 

226.5 423 	716 800 832 793 642 

Taking a constant value of e say 80u cubic feet per 

second a similar curve showing the relation between d and H 

can be plotted from the following table as shown in Figure (8j 

Taking b = 10 feet as before; 

we get 	1100 x 800 	= 100 g b/ 	2 x 3 2 Y 1 00 

.•. from (21) 

d — Ad2  + 100 = 
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d in feet = 1 1.5 ,-; 4, 3 4 F. 6 7 ,' 

d a 1 3.31 8 27 64 125 216 348 512 

lid - d 	100 : 101 103.37 LA 127 164 225 316 443 612 

d - 1 2.25 4 9 16 25 36 49 64 

- 101 46 27 14.1 10.25 9 8.78 9.05 9.58 

It 11, clear from equation (21) and the curves in 

tfii,ure (d) that the depth that 6ivek the sIUXiNUM value of 

k, for a given U gives the minimum value of H for a L iven ,. 

Also from the d , curve vve notice that for any discharge there 

are two possible depths of flow whioh are already knotn as 

the lot k.ta,;e Ind high stage depths except for the case of 

waximum possible flow when there isclnly one value of d. 

Similarly from the A H curve we notice that for any H 

there is a by stage and a high stage depth except for the 

least possible if 	en there is only one value of d. 	This 

one value of d corresponding to maximum flow (then l and b 

are constants) is known as the critical depth. 	hen the 

water inside a contrction is flowing at the critical depth 

tnen below the contraction, depending upon the depth of 

tail •ter, it may fall belov, this critical depth or rise 

above it. 	Ine first care is the low stage flow and as .A 

is always acoulpanied by a rapid fall and increase in 

velocity it IL called "torrential flow". The second case is 

the high trage flow and although it is generally accompanied 
ror 

by eddies 'et therive in level and the check in the velocity 

of flow -!,,,e4 it can be comf,aratively called "calm flow'. 



APPENDIX  W. 

CR TICAL DEPTH. 

This depth already ment-ioned in previous Appendix 

can be dudnced in a more feneral way as follows;- 

Prom the equation 6 

4d - A's ag 
dir 

Also any section, L2 i 	top width o± water surface 
ciA= Wcici - and 

d dl 
i. 	H ie 	ninimum when 01 _ Ak3  

VV 
3 

A2-‘, 	A 
or when 	= 

ft.e. 
A 
w 

and for a rectangular section in which A wd we .(5  

under this condition of mini'aum H 

vL 
"r2C 

ie v 

17: 
wd 

 

  

 

Which is the same conclusion arrived at in finding the 

depth for maxi:Trum flcw. 

The value of d that makes H minimum or a 

given discharge is coaled "the ertical depth" cla will 

be denoted bzi "de  

2t? 



p 	„Is  

The remits obtained in Tpandiees (5) tixtc% 6) 

e ale° be elear17 sera from the graphieel 112aataation 

ii . tho dinfrrel iu Agar, (9) which rivco the relation 

betveen the variablet d o  go  H and b in forlala (21) 

c1-3 — 	= 0 2 
The following In a. brief expl Al ,on of tbe nee of ti 

above mentioned dierran 

Thiv diagram aan be we to detemine r 	tht 

Tour 'variable. 4, 	it or b ellen the otner 4 'eø are riven, 

1* 	rt v',91 are given d o  b and R end required to Tind 

Asffanw d w 2 78 feet 

*1 

The vertical line through 4 n47c on the bottom 
aoale intereeetz the curve for H * 3 at the point C 

11 horizontal line througt C meett t "portico,' 

thrmIgh 	2 ft ot • whieh Pale o the curve for 

cubic fc.et per almond riving the revired flow. 

11* 	if 	b and are 	aa n in retred. 
If b • 2 feet 

Or 20 cubic feet peieaeend 

d * 2478 feat *  

A vertical line through b 2 foot On t'ne top sonic! 7.Acet2 
the early* or = 	ezzbte foe!, per aeeond in e 

llorisontel through e 400%0 tbo vorticAl t'aronel 42.70 

feolt at Cian the curve of II 	fect* 

3. he ,ther two cazee :Zor finding b and 4 are 

treated on to imle linen remembertne that a vertical 

through, a value for 4 ie produced to neat the T1 curve an. 

n vortical through. a valu:t of b le produced to neet tic 

214 
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curves. Inversely, and intersection on the H curve is 

projected vertically downwards to rive a corresponding value 

of d and an intersection on the Q curves is projected uwarde 

to give a corresponding value of b on. the b scale, 

(a) GRAPHICAL 1)=LE ,I1;ATION OP DEPTH OY 	.140%.:-

Given b and II to find d that gives the maximum flow. 

If b 	1.5 feet 

 	H = 3 feel 

previors methods we see that the higher 

the point o is _or any value of d and H the higher is the 

point e or the value of Q  for a Fd_ven value of b. 

Therefoe the value of d below the highest point of the H. 

=rye gives the highest possible position for e and 

therefore the maximum corresponding Q. 

From the diagram, for H =3 feet, a pro jection of the 

top point o on the d scale rives a = 2 feet r. 2/3 H as 

moved in Appendix (4) (equation ( 0) ). 

The horizontal through c meets the vertical through 

b = 1.5 feet at c giving the ma::Llum flow about 24 cubic feet 

per second. 

By calculation from equation (20a) 

= 3.085 b H 

= 3.085 X 1.5 X 3 

.7: 3.085 X 1.5 X 5.2 24 cubic .per.sec 

(b) GRAPZICAL D':,ThliliajA ION 0J ALTERIIATIVE lTEPTHP. 

If we are given :- 

b 	2 feet 

= 23 cubic feet per second, 

H = 3. feet 

then a vertical through b = 2 feet meets the curve for 	= 20 

in e and the horizontal through e meets the curve for N = 3 feet 

in two points el  and 9, jiving the two possible values of 



	

d which are d. 	.85 feet ("loyi f -tae") 

	

and d 	2.78 „ 	stage) 

(c) GRAT!'ICAL D-1.7,TEMT.7,P,.7Trif OF "CRITICAL DEInH". 

Given b and Q to find the value 	at gives maximm H 

If b 	2 feet 

and. 	... 20 cubic feet rer sec. 

it can be seen. from the diagram that the maximum points of 

the II curves lie all on a straight line B C shown dotted 

on. the diagram. 	This line can be divided as shown to 

ive points of intersection with tntermediate H. curve. 

The vertical through b = 2 feet meets the curve of 

20 cubic feet per sec in e. 

The Horizontal through e meets the line A B C
t
in 

corresponding to U = 2.18 feet and d = 1.46 feet = 2/3 H 

The horizontal line through e cannot meet the H curves  

in a lower value for H than 2.13 feet and thus the corres-

ponding depth of 1.46 feet is the critical depth reqc.ired. 

In thin case. 

Area, of section = 2 x 1.46 = 2.92 square feet 

2.16 

velocity 
20 

 

6.85 ft per second 2.S2. 
and from v Jgdc. 

32 I- 4G 6.85 ft.p r second. 

From the previous results of Appendices (4),(5), and 

(6) we can deduce the general conditions of flow inside a 

contraction, when the depth inside the contraction 

.c 
	2/3H as 

1. The discharge is the max possible for the 

given. value of H. 

2. The velocity of flow inside the contraction 

=Aga, 
i.e. tho depth is trice the velocity head. 

3. The value of H is the minimum possible for 

passing the maximum flow. 
To 	L S'C 
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4. The curve of water surface downstream the point whre - 

d 	7  can foil= two different courses. 	This is because, 

at a short distance downstream this point we have two 

possible depths of flow which are ( as in Appendix (5))the 

alternative depths and therefore the water surface curve 

may either follow the high stage depths at the low stage 

ones. 

If the width of the restangular flume is gradually 

increasing downstream the point where the depth equals de  , 

then by consulting the diagram in Figure (9) it will be 

seen that in mch a case the high stage depths will increase 

as the width increases and the low stage depths will decrease 

as the width increases. 

If F = 6 and Q. = 20 cubic feet per second tun as b 

increases , the horizontal line ot  02.  moves downwards giving 

smaller values for di  and higher values for d 	Both d 

and d start from a common value de  = 2 when b 1.25 feet as 

shown on the diagram. 

P ENDIX(8).   

CO1D7'7IONS OP FLOW Ii .ii VEYWRI 

A good illustration of the different conditions of 

flow-  in a flume of this shape is given by Mr S.H.00dwerd, 

Amer.Soc.C.N. in his report on "Theory of the Hydraulic 

jUki2 AND back water carves" 

The example chosen is a smooth horizontal flume in. 

which the depth Is varied in such a way that the water 

surface curve is a straight line. 

A similar example is worked out by the writer in 

detail using nearly the same data. 

t (previous page; On account of the change in scale A B C in 
diagram is in two parts each :having a different slope but 
they actually represent one line on a one scale diagram. 

See Miami Conservancy Tech. ,Report Part III page 
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Let discharge entering the flume 

H 	d 	at entrance 

7ater depth 	It 	 II 1 

= 

yr. 
war 

2000 cubic ft/sec. 

40 ft 

2ft 

	

Length o flume 
	

: 90 ft. 

The water surface curve is required to slope upwords 

along a straight line up to a depth of say 38 ft. 	r2wo 

separate curves similar to those in Figure (9) are plotted 

in Figure (10) for if = 40 ft and Q = 2000 cubic ft per second. 

Del)ths at intervals along the flume were found as 

shown on small figure on the sheet of figure (10). 

Corresponding values of h are found in the manner 

emplained on diagram in :Figure (9) 

The values of b thus found and tabulated were plotted 

as shown in figure giving the required shape of the flume. 

It is interesting to note also that the minimum value 

of b occurs at the point where the depth is equal to de  = 

23.7 feet. 	This is metheatically proved as follows :- 

• . 	Q is constant 

b id iv t  at entrance= b v d et any section 

and v=b 1  v, 	 
ba 

L 
v, d  then 	d - 2.g 

 
b&- 

t t 
v. , 	a, 

2g leandL: 

let 

4pa* 

or 
	2. 	

A 
d) 

From the above relation, the width b is a minimum 

ohen (12- ( 	d) is a mar.inum. 

let di-  (H 	d) = y 

dv 	3d - ma. 	which = 0 when u = 2/3  H = 

2 g 
2. 
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i.e. the width i minimum when the depth reaches its 

critical value for the given H. 	Beyond tai e value the 

width incereanee again as shown in figure 

If the flume discharges into a recervoir where the 

depth of water e 40 ft the theoretical value of B is 

infinity. 

From the above it is clear that the flow can be 

reversed from the high level to the low level i.e. from the 

reservoir where de 40ft to the chenntl where d = 2 ft snd 

b 	20.4ffeet keepin the same shape of the flume and water 

surface curve. 

Also we conclude that for the same value of E any 

other shape of flume with the se:me minimum width will cause 

the water surface to follow a special correeponding rising 

or failing carves 

Considering flow from_ left to right and then from 

right to left in the above mentioned flume, the following 

tabT_e (1) shows the different conditions of flow which are 

of a great importance in dealing with water surface levels 

through a "Venturi Flume". 

TA 

Perth at 
	

Shape of flume 	'eater .rface 

entrance. 	below entrance 	slope 

1. Below critical() Convergent 
	

Upwarde 

. Above 	Divergent 	'I 

3. 	Convergent 
	

DOWMTT dn.  

A Below ft 	Divergent 	SI 

(b) E2PECT OF FRICTEON. 

Priction ie the only factor that would cause 

slight alteration in the above theoretical result. 	The 

efeect of slops o± bed iA a ehort Flume is quite negligible. 



22o 

As the effect of friction is nearly the same as raising the 

bed ofee smooth flume, the following illustration also given 

by Mr Woodward in the same report throws light on the 

queetion. 

If instead of varying the bed width of the flume as 

before we keep the width constant and raise the bed in order 

to make the water surface slope upwards as in Figure (11), 

then considering two points A and B and applying Bernoulli- 

Theorem we get- 
V I  3- 	ct —4- 2 

= 	+ h  2g 

when the velocity is high at the beginning the difference 

between the velocity heads 

the water to a height h 
e \42' 

.e. 
2g 2g 

tene_ 	e 	dl  

Y-2-.  is sufficient to raise 
2g 

v, 
2e3 

= h very nearly 

i.e. the water depth changes very lightly end the bed is 

raised nearly parallel to the water surface, This condition 

changes gradually until a certain point is reached when the 

depth varies at the same rate as the water Surface level. 

This point Where the bed is horizontal is found as follow 

2g 

v ct 

let v 

Than h v 

and die _ 2  Y 	K 

- 2g 

from which 	 = 0 when v 
d v 	V 

i.e• v 	vt 
	

v d 
IT'- 

or when v-z" gd 
	

v 
i.e. when the water der 



Depth at 
entrances 

Slope of bed 	Water surface 
below entrance, 	slope. 

22.1 

Beyond this critical point the bed slopes downwards 

while the water surface continues to rise until it reaches 

its maximum elevation R ==, 	+, ft above datum planet 2g 

Also in this case, if the bed is raisea following 

another carve of the same maximum ordinate the water surface 

will follow a corresTonding rising curve. 	• As the flow 

can be reversed from high, to low level without altering the 

shape of the bed ne followinc tabulated general conclusions 

can to deduced:- 

L E  (2). 

Jolowcritica 

Above 

3. 0 	* 

4. olow  

Uvwerde 	Upwards at a greater 
rate than bed. 

Downwards 	Upwards 

Upwards 	Downwards 

Downwards 	Downwards al- greSer 
ral-e. khan bed. 

Combining the effect of friction ,2s that of ,11 

urward bed slo77t in casco 1 and 3 of previous table (2) with 

the results In table (1) we obtainthe ::!ollowing results in 

table (3) for a routh flnme. 

TABLE 	 

Depth at 
entrance. 

nape of flame a•ter rface Effect of 
below entrace. 	slope 	friction 

on water 
surface 
slope. 

    

1. Below critical 	Convergent 

2. Above 	rivergent 

3. 5 

	 (Invergent 

4. "Ielow 	Divergent  

V* wards -- Increases 
the slore. 

----Decreases 
the slope. 

Downwards —Increases 
the slope. 
Decreases 
the sl,Te. 
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A PPENDIX 	(9). 

HYDRAU LR JUMP. 

1Jhen a sheet of water in a shallow stream moving 

with a high velocity passes into a stage of low velocity 

and a greater depth, the abrupt rise of water from the low 

level to the high level takes place steadily in one 

position forming a standing wave. 	The phenomenon is 

generally known as the hdraulic Tamp". 	This can be 

observed when water with a high velocity flows out of a 

flume or i bottom sluice of a dam and strikes against the 

water flowing with a lower velocity in the main channel 

downstream 

As this ju'ap is likely to happen after water leaves 

a contraction such as the contracted section of a Venturi 

plume it is necessary to study 

1. The conditions under which it occurs. 

2. The loss of energy resulting from it. 

3. The means of its control. 

1. (a) The Ildraulio jump generally occurs :hen a 

stream running at a depth below the critical value and with 

a velocity higher than the critical value is suddenly checked 

ano the velocity reduced by internal impact. 

It does not seem in agreement with Bernoulli,s 

Theorem that water :lowing in a smooth restangular channel 

with a level bottom can change sudeenly to a different depth. 

In toe following theorem it is proved by the consideration of 

impact that sucn a change can take place from a depth below 

the critical to depth above the critical. 

(b) THEORY O. ?HE HYDRAULIC tiLOL. 

The mathematical theory of the hydraulic jump was 

first worked out by 3elan,:er in 1838. 	It was also given in 

an article on ?4ydrod7•namics by '..C.Unwin in the ninth edition 





static pressure acti 

P .  t 	 $ 

.11" ct . 
g  

224, 

of the Encylopedts Britanice about 1880 and in the vrticle 

by A.N.Gibson entitled "The Rormation of stsmding waves in 

an open stream", 0 

LetABCDFigure (12) be'a mass of weter movi 

through a hydraulic jump in a rectangular channel and lot 

it move in a short intervfa of time to the position AB 0 D. 

14et, d i 	depth of water 	entrance through jump in ft. 

al  - 	f f 
	 leaving jump in ft. 

v t  = velocity unstx.eam the jump in ft/secon6. 

v - velocity downstream - 

= Discharge in cubic ft per second 

Considering unit width of channel we got 

vi  d i 	= 

 

q, = discha ge per unit width and 

ma 3a of waer flowing per second p3r unit width 

w = 

 

weight of one :Pablo ft of water in lbs. 

wq, 

(Mango 
per 

but 

Change 
per 

Of morleatum 
second. 

v 47_ 
of momentum 
second 

   

( 

( 	vicL) 

   

   

Pt 
	

f 	 I 

As the difference 

vow,  
• „/ 

wet, 
on plane J113=- 2. ,3yer unit width 

DC ,oivaZ. 
2. 

in pressure is equal to tho change of 

0 I' . 

molaentam in one second we get 

vv2.  Cat _ 
gaL 	2- 

v, (a _ a 	d,- 
a 3cL. 

ci, o 	_ 	cut-.2_4 uk. r 
S 	2' 4. ct2.4,  

IC. • 	4 	S • • 	, • 4• 	4 ( 	I 

0 See paper No.4081 .:Lutes of .2roccedings of the 
Institution. of Civil Engineers Vo1.0XCVII. 3ession 
1013-14. at III, 



eli 
4 d , 
2 	4 

giving the value of d2corresponling to agiven value of 

d and v 

Substituting 91/  fOT 7 if. (1) we get 
4, 

da_ct, 

•• at:ot, d,d;  

The critical depth 

v L 	ct 

c‘A 

/ 
o 

004W w00000(3) 11,04,  

Substituting in (3) we get 

c12.61,(44c) 	e 	
00•00.04KIIIIee•OC 4) 

(o) From equation (4) we draw the following 

conclusions :- 

Case 1. 
If d i 	d 

3 
dc. 	(0.7_ 4- 	dt 	= 2dr,c  2. 

or d2  (d + dc) 	2d  . 	2. 

i.e. 

Case 2. 

If 

d is > d 

Cese 5. 

If ‘e  

d 2.  10 d 	which is impossible 

because there is no physical phenomenon to explain the 

possibility of the reversal of :Limp. 

Therefore the hydycl:Faic lump i only ossible in 

Case 2 i.e from a depth below the critical to a depth 

above the critical. 

22$: 

( 2) 



NDIX (10), 

EFFECT OF 24IL WATER LEVEL ON TiE CONDITION OF ?Ler 

TRZ T'T7PANI)ING 2LUME 7.13BLOW A CONTRLOTICI;. 

(1) 	ahen the depth in contraction is above the critical 

depth, the theoreticel water surface curve in the flume 

downstream will be the high stage one as explained in 

Section (d) of Appendix (9). 

Let this stage curve A B Figure 16 intersect the 

plane I? Q at the bottom of the expanding flume at the point 

WI • 

If the tail water level is higher or lower than B" 

there can be neither a rise through a jump nor a drop from 
ir 

the curve A B to the tail water (see cash 3 Section (c) 

Appendix (9)). 	Therefore the water surface in the flume 

will simply adjust itself to coincide with the level of 

tail water and the discharge through the contraction in such 

a case will thus depend upon the tail water level i.e. with 

a constant head above the controation, the discharge 

Increases as the tail water level drops until the latter 

reaches the level of critical depth inside the contraction. 

If the discharge is constant, the upstream head will alter 

with the tail water to give a constant flow. 

When the depth in contraction a critical 'nine. 

La this case if the caitical depth is reached say at D 

2igure (16), then an infinitismal drop in the water surface 

below D will cause the water surface in the flume below to 

slope downwards, following the low stage curve (A B in 

Figure (13) according to case 4 in Table (1) Appendix (8). 

Also an infinitiemal rise above D will cause the water 

surface in the flume to slope upwards following curve 

A" B 	(high stage) according to case 2 Table (1) 

Appendix (e). 

Therefore when the depth inside the contraction 

„ 
the two curves D A B and D A B are possible. 
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Let the curve D A B and D A I3 meet the plane 

P.q. 
 

at the bottom of the flame in B and B" respectively 

as 

 

in :Tigare (1G). 

(a) If the tall water level to below B, the water 

surface curve in the flume will follow the curve A B and 

there will be a drop at B to the tail wnter level oe in 

Figure (16 e) 

(b) If the tail level is between B and D" the condition 

will be simner to the case diecuseed in eeetion (d) 

Appendix (9) and thus the water surface in the flume will 

follow the curve e B and then rises through a hydraulic 

:trap et the point corresponding to A (in ?igure (1:3)) as 

ohown in :Figure (16) (b). 

(c) AO the tail water level rises above B the point (E) 

where the jump ooeure moves baelewards or upstream until th 

tail water level. reaches D" when the point A coincide; elth 

B and according to ease i eeetion C Appendix (9), as d = de  

there will te no :amp and the veter surface curve in the 

-allele will dust follow the high stage curve D A B" irigare(16c 

(d) If the tail weter level is higher than B, a jump 

from ) B" is impossible and the depth at B will thus be 

reised[Figure (16dAlif the head upotream the contrection ic 

conetant and the ease will be stellar to that o eeetion 

In this Appendix. 
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