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OBJBCT or Till INVISTIGATIOH 

The purpose or thie investigation was !inst, to determine the 

traces of the under nappe of water flowing over a sharp crested cireu­

lar nir at increasing increments of head from as low a head u could 

be measured to the head cogrespon.ding to a flooded out condition, 

second, to determine the rating curve for the weir1 and third, to con­

sider the results as they may apply to morning glory spill-.y design. 
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HI81'0RY 

Within the last twnty years the design of a number ot dams 

having tunnel spillways with circular bellmouth inlets has required 

t1:iat some method be found to approximate the under nappe trace of 

water tlm.ng owr the bellmouth inlet so that a curve tor the bell­

mouth may be determined which will keep the water in contact with the 

concrete surface. 

To date this design has consisted essentially in assuming a 

circular voir, either vertical or sloping up stream, having a diameter 

sufficient to provide crest length tor the required discharge. J'rom 

the under nappe measurements on rectilinear weirs as detenm.ned by 

Bazin, the coordinates or the high point or the spillway crest are 

determined. The under nappe trace is then obtained by deriving from 

Bazin's traces an equation of the path of an assumed particle and c� 

puting the thickne88 of jet required to pass the flow at the available 

velocity. 

For the assumed particle path Ur. Ford Kurtz in his design or 

the Pleasant Hill Dam for the Muskingum Conservancy District, chose 

the center line of Bazin's jet and detenm.ned the equation or this 

path by choosing three arbitrary points on this centerline and deriving 

a parabolic equation thru them. 

In the Hydraulic Model Studies for the Keystone Dam by 

Professor Georgo E. Barnes, the same procedure ns followd except 

that the equation is derived for a parti�le path one-third the thiek­

ness or the jet from the under nappe, since the particle at this point 

.. 
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is stated by Bazin to have a mean velocity. 

As far as actual dischart;e fon:iulae for circular weirs are 

concerned, the only one available to the writer was Gourley's work as 

outlined in "Hydraulics" by F. c. Lea. Gourley•s experiments 'l78re con­

ducted rith vertical cetal pipes of different dim:l8ters faced off 

aqua.rely on the end, thus caking a weir of appreciable crest width. 

::Xperir,mts with this apparatus gave the following equation which was 

considered to be correct for head die.meter ratios up to two-tenths, 

� = KLHn 

�here n = 1.42 and K = 2.97 for a weir 13.70 in. in dieJ:1eter. 

Coincident with the experiments by the writer similar experi­

r.:ents \V8re conducted at tho University of Iowa as student thesis work 

under the direction of Professor Lane. These test wire consisted in 

circ�lar sectors having radii or one, two and three feet. Under nappe 

trace data was not considered too reliable but the following discharge 

forr.iulae were obtained1 

� � 3.28 I.Ji1 •5 

for head diaJ:18ter ratios froc zero to two-tenths. 

� = 3.18 LH1 "5 

for head dia.-:eter ratios two-tenths to flood out. 

Although neither of the above experiments were perforrced under 

conditions quite comparable to those of the writer, their resulting 

equations were used as standards of cor:1pari:Jon in these tests. 
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DBSCRIPTION 01 APPARAmS 

Path of Water. Water for this investigation was 4rmm from a 

so,ooo gallon reservoir beneath the floor of the laboratory by one of 

throe centrifugal pumps and discharged into a c onstantlevel or orifice 

tank on the second floor. The constant lewl tank discharged thru a 

12 x 7 inch venturi meter 1n a 12 in. line into an 8 in. line con­

trolled by a valw at the end, and thence to a 3 x 3 ft. flume which 

discharged thru a 10 in• line joined by a 6 in. line from a nir box 

receiving tha discharge from the orifice tank to two collJl8cted volu­

metric tanks on the tirat floor. After rising in both tanks to the 

level required f'or constant f'l0l7,discbarge took place over the weir 

directly into the reservoir beneath the floor. 

Flow Yeasuring Bguipment. J'low for these teats \78.8 measured 

by venturi meter and orifice. The 12 x 7 in. venturi meter on the 

second floor is connected by copper pipe to a carbon tetrachloride 

u-tube manometer on the first floor. For very low flows a two-inch 

sharp edged circular orifice mounted in the side of a circular tank 

five feet in diameter and ten feet high vas used. 

Circular Weir Setup. The circular nir (plates l and 2) used 

for these tests consists in a ten-gallon cylindrical glass gasoline 

measuring bell of the short type from a Standard Oil Company gasoline 

pump. This glass cylinder is surmounted by a rolled copper ring one 

inch high beveled at an angle of 60 degrees on the inside face and . 
IS. �'f'' 

machined to an outside diameter of 13 26/48 ;n. and an edge width of' 
I.I.ZR 

1/64 inch. The foregoing assembly is mounted on a 12 1n. steel pipe 

� 

which is in turn welded to the bottom of a volumetric tank concentric 

with the outlet valye at the bottom. 

Aeration pi;es consisting in f'our 4-inch steel pipes were 

mounted horizontally at the top of the 12-inch steel pipe Just below 

the glass weir and extend radially on tvo diameters 90 degrees apart 

thru the sides of the volumetric tank. 

htremely ilz1portant in the maintenance ot smooth now was a 

conical 16 mesh screen covering the entire approach area and mounted 

above the aeration pipes at t:-ie base ot the glass weir. 

Immediately above the f ecier pipe from the first volu:Detric 

tank was placed an eight-inch sand and gravel bed sup,POrted on 1/4 in. 

m6sh gnl.vanized screen attached with staples to a 2 x 4 in. wood ring 

fnstened at six .c>oints around the volumetric tank and attached 1n the 

srune manner to a 2 x 2 in. vood ring surroundi� the 12 in. steel pipe 

and supported on three 2 x 2 in. wood columns extending to the bottom 

of the tank. 

For first runs, a vacuum manometer consisting in a water filled 

U-tube was mounted on the outside of the tank and connected by rubber 

and copper tubing to a fitting on the 12-inch pipe just beneath the 

glass weir. {See copper tube on Plate 2 inside left under nappe bege 

SU)port angle.) 

Under Uappe Gage, The under nappe gage (Plates 1, 3, 4) con­

sists in a fixed horizontal bar mounted on 2. x 3 in. �les by a. thumb-
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screw arrar:gement percittin,i: e.djust:aent in all �lenes. On the horizon­

tal ber is mounted a rider geared to a rack on the under side or the ber 

carrying verniers to read the divisions on the horizontal and vertical 

bars. �ounted vertically on the rider and moving in guides ndJusted by 

cap screws is a stream-lined bar of lens cross section \':hich pierces 

the floff on one die.!:leter and carries a steel rir.g nine inches in dia­

ceter in a horizontal plane exiel rith the cross section of the verti­

cal bnr. The :notion 0£ this bar is actuated by a fixed gear contactir.g 

a �ov�ble rack clamped to the vertical bar at any desired point. On the 

opposite diameter 0£ the horizontal steel ring from the vertical ber is 

t he pointer mechanism (Plates l and 4) consisting in a short braes rod 

slotted at the base to clamp on the horizontal ring and fitted with a 

hollow wrist pin end toggle spring assembly at the up,?er end which 

actuates a short rod carried by the wrist pin. On the end of the rod 

is a 1/4 in. brass s�ar which touches the under nap;e. In order to 

cover the entire range of non it was necessary to have three positions 

of the pointer which are maintained by positive stops as shown in the 

dra17ing. 

Gage tor Joining of Under Nappes
1 This gege is an ordinary 

point sage moving in a vertical plane over the center of the weir and 

moving horizontally on a rider sliding on a horizontal wood beem. 

0( 

...'.=.T;.0.rJ u.r .. ..i;·.K 

.:::ero.!_r�f Gr;es. :::efore any ciatn ';,·as recor:ied, the zero 

n<:din.::;s for t:-.e hcok 1:.r,c. ;.m--er nei)pe i:;tges r;ere deteri.uned. Ir. the 

c r·se of t:ie hook ;E£;e, zeroir,: consisteci ir. pro� cctir.,; the hori:or.to.l. 

µlr_r.e of tr.e ·::eir to the hook ;C[e by z:iecns of e stre.ic;l:t -:.-ood tonrd 

lr,id r.cross ti,e ,·:eir •.nci touched by the hook £;t:.ge. ::::ontact v:ith the 

,:,oir.t of t::e ;n[t ,:es deter�uned b:y r.otir,c t:ie.t a ?iece of thin i.Jtper 

:u::t ·:.oulci or woulci not slide bet-::een the borrd and the pofot. :'o 

re�1ov<: ony error aue :.o :::istli,:;n.�ent of the bos.ra tr,e :irocedare -:ras 

rE:.)c.eteci ·::ith the conrd inverted end t:ie results averagea. 

The zero point for the wiaer na,t-1pe gt.ge v:e.s chosen e.s the 

nnJpe sebe readin3s :or e�ch pointer position Hhen the center of the 

s,?htre was in the plcne of the weir crest r,t the outer edce of the weir 

,md in tl,e opera.ting plr..ne of the nappe ger:e on r;. diai:.eter of the \78ir. 

:.: efor e these zero readin;;s were deten:lir.ed, the ;;ace asse::ibly v:as 

pleced in e. vertictl plane thru the center of tl;e \·:eir crest by oeans 

of plw:ib bobs. Tr.e verticnl coordinr.tes -::ere tnet deteruined by touch­

ing e.. steel bru- lcid across the ·.•:eir crest in the sru:ie :nenr.cr as used 

for the hook gage. The horizontal coordinetes 7."ere finally cieter-...5..r.ed 

by plncir.c the st'3el bnr on tbe ,:eir crest per:JEndiculr>r to tl:e o;)erat­

ir.g phr.t of the na.,;.t'e sage. (Plate 5) The bar ·;.as t::en touci;ed by 

tl-.e sphere in tl;e thrH _;iositions a::c t.::e hori:ontnl. readi� of the 

neppe r Pge recorded. ( PlntE 6}. Tl-.e distar.ce frc::i the fnce of the bnr 

to t::e edr:� of the weir ·:.-r:.s then ceasured rith a .::a.ke-shi!'t dic.l gnge 

tli.crometer which was zeroed on stanciard ;P-ge blocks. · (Plnte 7). 

7 



� 

a I 
\ 
\ 

As a c�eck, the entire above procedure was repeated at the 

. end of the tests. 

Interval of Under Nappe Traces. The interval ot head for 

each under nappe trace as indicated by the hook gage wae arbitrarily 

chosen ai 0.01 foot beginning at the least head which the mechanics 

of the neppe gege permitted records to be taken, and ending when the 

weir tloodid out as indicated by the rising ot the Joini:ag of the 

upper nappes to the weir crest. 

Operation of Under Nappo Gage. ReadiJJgs on the under nappe 

gage were made by noting the coordinates when the sphere, tor a given 

pointer position, Just did or did not touch the under ·water surface. 

Plate 8 shows this touch to be very definite. - ·  As the joining of the 

upper nappes rose the point ot contact ot the sphere with the under 

nappe was entirely obscured. Contact was then determined by looki:ag 

thru the side of the weir with the aid ot a small mirror held in the 

water at a distance sufficiently far removed to cause no interference 

with the flow. 

Check of Data as Taken, To be sure that all under nappe 

data \118.8 substantially correct, readings at one pointer position were 

lapped with those in the next wherever possible and the locus of the 

center line of the spheres was then plotted for each run before the 

flow was chBJ2ged. 

Final Method of Plotting Dat·a, The actual traces as recorded 

on plates differ from the above mentioned check traces by the radius 

t 
i: 
t 
,. 

. , 

of  the spherical brass pointer. ·At each po�t'  determined by coordinates 

to the center sphere a circular arc having the radius of the sphere was 

drall'll with a compass. A smooth curve was than drawn thru the points or 

tangency to the arcs . 

Flow J!anometer Readings . For each increment of head for which 

an under nappe trace was made flow manometer readings were recorded. 

Subsequent attempts to plot a rating curve from t'his data resulted, how­

ever, in an illogical curve . After several attempts to c orrect this curve 

the data was abandoned and a separate rating curve was determined on the 

basis of a new calibration of the venturi meter. 

Vacuum Jlanometer Readings . ror the first nm, the water flowing 

over the weir was allowed to fall directly into the reservoir. This 

created a venturi action as the falling j et passed the valve in the 

bottom of the tank and t ended to remove the air from the under side of 

the jet in spite of the liberal aeration pipes.  It was therefore con­

sidered advisable to record this negative head by the deflection of the 

above described water manometer. The resulting flow was , however, so 

unstable that an artificial pool was created in the 12-inch vertical 

pipe by closing the valve at the bottom of the tank until the pipe 

filled to a depth of about four feet . The vacuum manometer then failed 

to rec ord any negative head and the readings were abandoned.  

Maintenance of Steady and Smooth Flow. Theoretically, since 

all points of control on the flow line from the flume on the second 
,, 

floor are orifices , flow should have been very stable over slight 
' 

changes in discharge from the c onstant level tank . Actually, however, 

9 



the pipe from the flume did not discharge steadily but alternately 

discharged as an orifice, then filled to discharge as a siphon thus 

creating a very unsteady discharge at the higher .flcnm. This condi­

tion was practically eliminated by maintaining a high head in the flume 

thus preventing the pipe from draving air. 

Previous to the placing of the above mentioned conical screen 

in the apparatus setup , discharge over the weir was marred by deep 

standing ridges . The screen removed these ridges tully1 ho\18ver, it vas 

necessary to keep the screen clear of air bubbles which rose thru the 

sand at the bottom of the tank when flow was first started at the begin­

ning of any set of runs previous to which the tanks had been drained. 

Rlevation of Joining of Upper Nappes. To determine the approxi­

cate j oining elevation of the upper nappes , point gage readings n re  

taken a t  several points on the j oining surface with the lip o f  the \78ir 

as the zero point. Since this elevation was not looked upon to have 

any definite bearing on the results these readings were taken purely on 

the basis of the appearance of the joining surface . 

Venturi l!eter Calibration. As mentioned above, failure ot the 

re.ting curve data taken in conjunction with the under nappe traces to 

plot necessitated recalibration of the venturi meter. The p rocedure 

for t his calibration consisted in recording manometer deflections and 

actual flO\'I as deten:d.ned by volumetric· tank readings • .  Nine points 

between a low readable deflection ( 0.006 rt. ) and a deflection corres­

ponding approximately to two second feet were used, four determinations 

being made for each point with the flow both increasing and decreasing 

10 
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from point to point. 

Ratipg Curve Runs, l'ollovdng the venturi meter calibration 

it was considered advisable to repeat the rating curve data proceed­

ing in the manner .indicated above, since it was fo\md that a logical 

curve could not be pl�tted from the former data on the basis ot the · 

new venturi me��r . calibra��on. 

, 11  
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Gage Zeroes 

' 
I 

12 

Hook z ne;e at lip of wir =- 1.3835 rt. 

/ � / '  

(-� i:.-,,,. .... .. , :. ' 

Under nappe gage at Up of treir 
Pointer Coordinates 
�osition Horizontal Vertical 

1 0.7245 1.412 
2 0.899 1 .4175 
3 1.0445 1.4945 

_Trace Data 

/, .'./ .'. > 
/ , 3 u = 

t (l : . ; ,> i 

::ook c;oge = 1 .4385 Bead = 0.055 Head/Diam . ..  0.049 Run No. 1 
/ ,  :· .�. _:; 

?.eeding 
number 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 

Pointer 
�osition 

1 

2 

3 

Coordinates 
Horizontal Vertical � 1./ 
o.6975 ,o_., ._, 
0.6735 .Df / 
o.6485 , o;.� 
o.619s ,/  ..--.,.s­o.596 , I .2.gr-
0.5595 ./ ,; ( 
o.6as5 . -:2/sf' o.6355 . .06 rs­o.593 ,300 o.ss6 . 2,1..� 
o.6s2s .� -Go 

,t,· /--( 
1.400 . .-; /�. .I-fl/ . � .!:? 1.380 .;·c3:;;_ 

q, 7 . s�· :, .  1.350 , .-?l,_ : . : :� ,. /. 1 , 1 1.300 , /  11  / , 9 c? 7 ;i , (� ? :', 1.250 , f (,� ;) , ;;5 ,::-, -;:, 'l �, r 1.150 .2,:;,::z- 3 . a r) 1-1 �- :.':.· 1.000 t/ I 7(' 3 g ,� t- °'.'' . C 0 o. aoo : {� , · · ( tf , f'; 7 0.600 ,f 1 
··_ ·_ .:>>'r: (, t.1. 0.400 I '  .• � ' '  

. 0. 200 , , -:  -·-: · 

Hook gege = 1.448 

ReadiJJg 
number 

1 
2 
3 
4 
s 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2Z 
24 
25 

Heck gnge = 1 .460 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 

12 
1 3  
14 
15 
16 
17 
18 
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·Trace Data - continued 

Head .. o.0645 Head/Diem. a o.CS72 Run 1;0.  2 

Pointer Coordinates 
position Horizontal Vertical 

l o.704 1.4045 
- 0.694 1.400 
- 0.6775 l.S90 - 0.6665 1.380 - 0.648 1.360 - 0.633 1.340 2 - 0.620 1.370 ..-

- o.6oe 1.300 
- o.ses 1 .250 
- o.s62 1.200 - o.543 1.150 
2 o.nas 1.210 
- o.nn 1.180 
- 0.720 1.160 - 0.698 1.100 
- 0.682 1.058 
- 0.6525 o.gso 
- 0.6140 o. eoo 
- 0.569 0.600 
- o. 548 o.soo 
3 0.129s o.790 
- 0.109 0.650 
- o.Gso a.soc 
- o.6425 0. 30C 
- 0.6125 0.110 

P.ead = 0.0765 Heed/Diem. = 0.0679 ?,un �1:0. 3 

l o.703 1.406 
- o.685 1.400 
- 0.658 1 . 380 
- 0.6375 1 . 360 
- 0.6230 1.340 
- 0.5950 1.300 - 0.5685 1.250 
- 0.545 1 . 200 
2 0. 225 1.220 
- o.699 1 .150 
- 0.681 1.1co 
- o.6315 0.950 
- a.sass 0.800 
3 0.7Z3 0 .875 
- 0.690 o.7oo 
- o.649 o.500 - o.613 0.300 - 0.592 0.110 
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:'race. iJntr. - coi:.�inued Trace De.ta - continued 

: � � o.: .: ___ � � ... .  -: ,  .... : :e!lc. = iJ . ,)&3 5  .:ee.ci/.Jiw.i. " 0.0767 Run 1:0. i : :ook sar:e = 1 .490 Head = 0 .1065 Head/Diem. = 0.0944 Run No. 6 

. ·.-;; ( C.i 1 ._ ;'oir.ttr Coorciir,ntes Reeciinb Pointer Coordinetes 
r.U:.li-: r Jo:;ition ::orizor,te.l. Vertical numuer position Horizontal Verticel 

l l 0.702 1 .4075 l l o.704 1.408 - 0 .662 1 .400 2 - 0.671 1.400 ·-
0.6515 1 . 360 3 - 0.640 1.380 

'-: - 0.623 1 . 350 4 - o.609 1.350 
5 - 0.5855 1 . 300 5 - 0.5705 1 .aoo 
6 - o.557 1 . 250 6 ?, o.737 1.290 
7 2 o.731 1. 250 7 - 0.7125 1.250 
s - o.684 1.150 8 - 0.6625 1.150 
9 - 0.631 1.000 9 - o.603 1.000 

10 - 0. 569 0 . 800 10 - o.s39 o.aoo 
11 3 0.122 0.900 11 3 o.692 0.900 
1:.  - 0.671 0.700 12 - 0.643 0.100 

1: - 0.629 o.500 13 - 0.623 o.soo 
14 - 0.603 o .aoo 14 - 0.617 0.300 
1 5  - 0.600 0.110 15  - o.615 0.140 

�< :-cook gq;e = 1. 500 

I I 

: ook ::;r.fe = 1 . 4 2.0 :-:er.ci = 0.0965 Head/Diem. = u .0856 Run :-ro . 5 Head = 0.1165 Head/Diam. = 0.103 Run .t-'.o. 7 

l l 0.102 1.408 l l o.7035 • •  � 2 I 1.409 ,cc �: , / ,\ � .n , .  -
� - 0.6755 l.400 2 - 0.6685 1.400 
w - 0.6455 1. 380 3 - o.6355 1.380 
4 - 0. 614 l.350 4 - 0.6035 1.350 
5 - 0.577 1.300 s - 0.5630 1.300 
6 :: o. 736 1. 280 6 2 0 .1210 1.280 
7 - 0. 719 l. 250 7 - 0.10a 1.250 
6 - 0 .670 1 .150 8 - 0.6505 1.150 
9 - 0.613 1.000 9 - o.s9os 1.000 

lQ - 0. 5515 0. 800 10 - o.542 o.a5o 
11 w 0. 705 o.soo 11 3 0.6935 o.950 
l:' - 0.656 o.7oo 1 2  - 0.6405 0.100 

1 :  - 0.619 c .500 13 - 0.6305 o.soo 
14 - 0.610 0. 300 14 - 0.6265 0.300 
1 5  - 0.606 0 . 110 15 - 0.6255 0.140 
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Trace .ilhta - continut.<i Trace Data - continued 

·: .. o:< ,r-te = 1.510 Heaci = 0.1:65 Hend/Dilllll. = 0.112 Run lso. 8 Hook £age = 1.530 Head = 0.1465 Head/Diam. = 0.130 Run llo. 10 

!\el"Cir'c rointt.r Coordini:.tee Reading Pointer Coordinates 
nu.:ibcr j)Osi"tion Horizontal Vertical number ,>osition Horizontal Vertical 

l 1 0.700 1.410 l 1 0.697 1.412 
2 - 0.6625 1.400 2 - o.656 1.400 
3 - 0.631 1.380 3 - 0.623 1.380 
4 - Q.5975 1.350 4 - 0.588 1.350 
5 - 0.556 1.300 5 - 0.595 1.300 
6 2 0.7285 1.300 6 2 0.717 1.300 
7 - 0.696 1.250 7 - 0.6835 1.250 - 0.6435 1.150 8 - 0.6275 1.150 
9 - 0.581 1.000 9 - o.5670 1.000 

10 3 o. 7345 1.100 10 3 0.120 1.100 
11 - 0.671 0.900 11 - 0.674 0.900 
12 - 0.645 0.700 12 - 0.661 0.700 
13 - 0.6395 0.500 13 - 0.6555 0.500 
14 - 0.635 0.300 14 - 0.6515 0.300 
15  - 0.6325 0.140 15 - 0.648 0.140 

::Jok .;c£e = l.520 ,:ecci = 0 .1�5 :iec.cif.,iu:i. = O.Hl Run !:o. 9 Hook gage = 1.540 Head = 0.1565 Heaci/Diem. = 0.139 Run . o. 11 

1 1 0.698 1.411 1 1 0.695 l.4125 
2 - 0.6585 1.400 2 - 0.651 1.400 
3 - 0.6255 1.360 3 - 0.618 1. 360 
4 - 0.593 1.350 4 - 0.584 1.350 
5 - 0.550 1.300 5 - 0.5405 1.300 
6 2 0.723 1.300 6 2 0.712 1.300 
7 - 0.689 1.250 7 - 0.677 1.250 
8 - 0.6355 1.150 8 - 0.622 1.150 
9 - 0.5735 1.000 9 - 0.564 1.000 

10 3 0.726 1.100 10 3 0.7165 1.100 
11 - 0.671 0.900 11 - 0.6805 0.900 
12 - 0.6525 0 .700 12  - 0.6685 0.700 
13 - 0.648 0 .500 13 - 0.6625 0.500 
14 - 0.6435 0.300 14 - 0.658 0.300 
15 - 0.640 0.140 15 - 0.6545 0.140 



18 19 

�r�ce JPtr - can· inued Trace Data - continued 

•:col; er:• i ..... :>C :�enc ':::' "' .. lt..t. .... ;.t:J.c./";;i.�. = J,h6 Run :.o . 12 .icok ,;q;e = l. 5 70 i:eed = v ,1865 ;:ec.d/ JiCJ!l. = 0,165 Run l'o . 1'i 

.ci: .... ir,.., . ointcr Coora�u.t.es .,encin., Pointer Coordinates 
r,t...;.:b.:·r .,o;iLion iiori:ontnl Vertical numbE.r ,><>sition iiorizontel Vertical 

l v.6!¼ 1.413 l l 0.6885 1.415 
2 - 0.(..,7 1.400 2 - 0.703 l.H3 

0.6h l .360 3 - 0.675 1.413 
0. 5795 l, 35C 4 - 0,639 l.400 

5 2 0.705 l.300 5 - 0.6065 l. 380 
6 !. 0.673 1.250 6 - 0.572 1. 350 
'I - 0.6185 1.150 7 2 0.6985 l .300 
C - 0. 5655 l .000 8 - 0.6635 1.250 
9 3 0. 716 l.100 9 - 0,641 1,150 

10 - 0.667 0.900 10 - 0.5745 1.000 
11 - 0.675 0.700 11 3 0,721.5 1.100 
1 ::  - C .6075 0.500 12 - 9.702 0.900 
u - 0.€625 0 . 300 13  - 0,691 0.700 
1-: - 0.6605 0,140 14 - 0,683 o .soo 

15 - 0.6785 0.300 
'cok ,• i;e = l. 5£0 :·r,1d 0 .1765 ;:�rd/;,iP.;... = J .15'5 .,un "· 1· 16 - 0.676 C.140 

l 1 1,,69,;,5 1,4H '.'ook 2,r.ge = l. 580 r:�ad = 0.1965 Heac/Dicm. - 0.174 Run .o . 15 
2 - 0,705 1.4125 

0 .677 1.4125 1 l 0.687 1.416 
v,6<:3 1.400 2 - 0.7045 1.413 

5 - O.cll 1. 360 3 - 0.671 1,413 
€ - 0. 576 1.350 4 - 0.6360 1.400 
7 2 0.7045 1.300 5 - 0,604 1. 380 
- - 0.670 1, 250 6 - 0.569 1. 350 
9 - 0.6165 1.150 7 2 0.6965 1,300 

10 - 0 ,570 1.000 8 - 0.6635 1.250 
11 3 0.719 l.100 ': - 0.615 1.150 
12 - 0.694 0 .900 10 - 0.560 1.0;;0 
1:: - 0.6825 0 .70(, 11 3 0,720 1.100 
H - 0 .676 0 ,500 12 - 0.100 0.900 
15 - 0,671 0. 300 13 - 0.697 o.700 

l'i - 0,689 0.500 
15 - 0.682 o.:;oo 
16 - 0.6775 0,140 



Tro.c11 Data - continued 

� 

�race Data - continued 

Hook g9.&e = 1.590 F.110.d = 0 . 20e5 Hee.<i/Jiem. = 0.1835 Run ro. 16 Hook g�,ge = 1.650 need = o. 2665 nead/)iom. = 0. 236 Run ;:o . 18 

Reading 
number 

1 
2 

3 

4 
5 

6 
7 
8 

9 
10 
11 
12 
13 
14 

15 
16 

Pointer 
position 

1 

2 

3 

Hook gage = 1.600 Hend = 0. 2165 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

l 

2 

3 

Coordir,ate11 
Horizontal 
0.685 
0.705 
o.668 
0.633 
0.601 
o.565 
0.6945 
0.667 
0.6175 
0.5865 
o.7355 
0.715 
o.705 
0.696 
0,6915 
0.688 

Vertical 
1.416 
1.413 
1.413 
1.400 
1.380 
1.350 
1.300 
1.250 
1.150 
1.000 
1.1 00 
0.900 
0.700 
0.500 
0.300 
0.140 

Rer.din.; 
nucbtr 

l 
2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
12 
13 
14 

Head/Diam, = 0.192 Run t!o. 17 
I.I.!, L :: ,1, 01/2.,r ;,.12 - ;N.S'/ 
O f;( t  

0 /,/? l' 
o.683 A 1.4165. o/j8o-f o . /lb 

0 - -5 
o.o.f 

o.7o3 . - 1,414 > 
0.667. . 1.414 ., 
0.630 o �· 1,400 . ,;u, 
o. 5985 ,: �- 1. 380 , .� ,a:) 
0.563 /t /. 1.350 .01,,_ 
0.693 ;) G. 1. 300 , I I  7S• 

/ # .J 

0.663 ,.2Y� 1.250 , 1 '  i',5'° ,_ 1 , 
0.6215,::, ·,7. 1.150 ,.2 '' ";J 
0.593 , .J?- ; 1 . 000 '/- I H  - ( ., � 
o.734 .310. 1.050 .+14· r - 7· 
0.7215, :r:,,� 0.9oo .s0.,1 I 
0.709 J�': 0,70Q , 7'7<-- E _ �· > ::L 
0.701 _:?�JJ 0.500 ,99�/ -. - - " :1-
0,695,.!.-rr o.300/.f'99 ' _ ... .  .,.. ,  
0.69Z, ;s.;,.s 0.140 1,3.<,; --. S.f7 

8. t,. (/  

, ,:1 9  
i' 

I• :::,. 
;, 
'1 • I ( 

'-· 5-l 
10, ;,3 
10.&'9 
I ' 

l'j jl 7 
.:Jq � 
�'1-�g 

- ,3:i; . ;i  

PointE.r 

,..oeition 
1 

2 

Coordinc.tea 
horhor,tr-1 "/erticE.l. 

0.075 1,416 
o.705 1.415 
0,659 1,415 
o,625 1.4cc 
0.595 1, 360 
0.565 1. 350 
0.702 1,300 
0.678 1.250 
0.649 1.150 
0.624 1.000 
0,6035 0. 800 
0.591 0 .60C 
0,582 0.400 
0. 5745 0.140 

21 



� r' 
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la' 
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; 
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Run 

No. 

1 

· 2  
3 
4 
5 
6 
7 

8 

g 

10 
11 

12 
13 
14 

15 
16 
17 
18 

/ 
BLIVATI0N a, J0IND(J UMa HAPPBS 

Point gage at lip ot weira 1.96' 

P o i n t g a g e  r e a d i n g s  
Intersection Average 

Center readings of upper nappe elevation 
Low point High point with lmlOhroom below C1'.9St 
0.032 1 .935 

Joining concave upward vi.th tine spray ot air bubbles in jet 

0.328 1.639 
0.621 1.346 
o.847 1.120 
0.979 0.988 
1.143 0.924 
1.264 - 0.703 

Joining concave upward with tenr and larger bubbles 

1.363 . 0.604 
Joining almost flat with few bubbles 

/ ,9:' 7 
1.465 1.565 /./02 0.452 

Further reduction in bubbles with more or less s8lid jet 
rising to convex surface at center 

c,,, •• 

1.558 1.681 , :7gt:, 1.614 0.349 
1.762 . � u ..5  1.701 0.235 

Concave surface gone with few bub�es
_ 

entering jet 
� - ./-'lb 

le780 , /j 7 r l:"126 Oe214 
1.865 , / o:z 1.796 0.136 
1.921 1.858 0.077 

Standing convex mushroom with occasional bubble entering jet 

1.947 
1.997 
2.030 
2.165 

'. I  

/./ 

I :• , � 
, .::- t 

1.903 
1.941 
1.971 
2.136 

0.042 
0.002 
0.034 
0.184 

.:.-fl_?7 
I ,,,,,, �;; 

; ,. ..,-: /1:;: / 6 {, _1,· 

- !-/ 

I ;,) :,7 :-; ·:r;;, 

I , I !.- ·-=..· 
; ' - -�? .' --� 

/ .:> ?  s . .  -
/ ./ /, 5 5 

22 

COYPUTATION 01 GAGB ZBROBS 

Computation at beginning of Tests 

Hook gage =  1.3835 ft, read directly 

Under Happe Gage zeroes 

Radius of contact sphere c 1/4 in. = 0.0104 ft 

Pointer 
position 

l 

2 

3 

Coordinates 
Horizontal Vertical 

0.5S75 1.4015 
0.1566 0.0104 
0.0104 r:ifil 

o.732 
0.1566 
0.0104 
o.8990 

0.6955 
0.3385 
0 .0104 

1.4070 
0.0104 

1.484 
0.0104 

Uicrom­
eter 

reading 
0.10s in. 

0.109 in. 

0.090 in. 

Computation at Bnd of T&sts 

Hook gage = 1.3835 rt, read directly 

Under Nappe Gage Zeroes 

Pointer 
position 

1 

2 

3 

Coordinates 
Horizontal Vertical 

0.5395 1.402 
0.1738 0.0104 
0.0104 I:iiii 
o:iffi7 

0.5565 1.4065 
0.3323 

· 0.0104 1.4169 

0.6995 1.484 
0.3350 0.0104 
0.0104 

Uicrom­
eter 

reading 
0.122 in. 

0.023 in. 

0.051 in. 

Gage J.1icrom-
block eter 
length aero 
2 in. 2.000 

-0.229 

+ 0.108 
T.'iii in a0.1566 ft 

2 in. Same as above 

4 in. 4.000 
-0.031 3.969 
+ 0.090 

i:osi in .. o.3385 rt 

Gage W.crom-
block eter 

length zero 
2 in. 2.000 

-0.037 

+ 0.122 
T.085 in ::: 0.1738 rt 

4 in. 4.000 
-0.034 

+ 0.023 
� ·in ::: 0.3323 ft 

4 in. 4 .000 
-0. 031 

3.969 
+ 0.051 

4.020 in ::: 0.3350 ft 

23 



:·o. 

1 
:: 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1 2  
1 3  
H 
15 
16 
17 
18 
l� 
20 
21 
22 
23 
24 
25 
'.?.£ 

27 
28 
29 
30 
31 
32 
33 
34 

C,IJ..IBMTION OF VB,"TURI !.lETil{ 
(ScE Plate 9 for plot of variable coefficient) 

Volumetric tank 
Readings ft e. in. 
Initial 

2 4 .98 
2 11.77 
5 2.37 
2 5 .  56 
5 8. 39 
4 2.81 

2 0.07 
5 5 .H 
2 0.  72  
2 o.oo 
7 6 . 54 
2 0 . 61 

3 9 . 59 
9 1.75 
6 B. SC. 
3 2.51 

2 4 .49 
2 6.10 
4 2.92 
2 G. 86 
2 O,N3 
4 3.52 
7 6 . 03 
5 6 .73  
2 1 .52  
6 4 .04 
5 6 .48 
z 0. 82 
4 2 . 32 
5 6 . 35 
e G.35 
4 5,lu 
2 11.40 
2 0.36 

?inal 

2 6.42 
3 4.43  
5 11 .47 
3 B.70 
7 5 . 30 
6 5.46 
7 5.71 
8 10.71 
6 1.73 
5 5 . 21 

10 3.08 
4 3 . 13 
5 6.73 

10 3.88 
7 5 .87 
3 7.35 
2 6 .65 
2 11.09 
4 11.88 
3 3.07 
3 9.61 
6 6.07 

10 2.88 
e 11.e1 
6 1 ,95  

10 4 ,87 
8 11 .30 
4 8.83 
6 4 , 23 
7 3.22 
9 4 , 87 
5 2.53 
3 4.67 
2 2 .'31 

Actual 
Difference flo� llanom. 

ft r.. in. ft cfs dfl . 

0 1.44 0.120 0.057 0.006 
0 4.66 0 . 388 0.183 0.017 
0 9.10 0.758 o.357 0.099 
1 3.14 1.262 0.595 0.126 
1 8.91 1.743 0.822 0.241 
2 2.65 2.205 1.040 0.390 
5 5.64 5.470 1.228 0.595 
3 5.30 3.442 1.623 0.946 
4 1 .01 4.084 1.928 1.330 
3 5 . 21 3.434 1.620 0.956 
2 8.54 2. 711 1. 280 0.595 
2 2. 52 2. 210 1.042 0.397 
1 9 . H  l .  762 0.830 0. 251 
1 2.13 1.177 0.555 0.116 
0 9 . 31 0.776 0 .366 0.051 
0 4.e4 0.404 0.190 0.017 
0 2.16 0.180 0.085 0.006 
0 4.99 0.416 0.196 0.018 
0 8.96 0.746 0.352 0 .049 
1 2.21 1 .184 0.559 0.117 
1 9 . 38 1,782 0,840 0.258 
2 2.55 2.212 1.043 0 , 390 
2 a.es 2.738 1,291 0.603 
3 s.oe 3.424 1 .618 0.957 
4 0.43 4.036 1,908 1,313 
4 o.e3 4.C69 1,922 1. 328 
3 4 . 82 3.401 1,606 0,928 
2 8,01 2.667 1 ,257 0,573 
2 1 .91 2,159 1.018 0, 376 
1 8,87 1.740 o. e20 0,249 
1 2.52  1. 210 o.570 0. 123 
0 9.43 o.786 0,370 0.051 

0 5.27 0.440 0, 208 o .02p 
0 2.45 0 ,204 0.096 0,006 

C 

0.429 
0.824 
0.921 

0.986 
o.�84 
0.978 
0.980 
0.981 

0.982 
0.974 
0.975 
0.973 
0.973 
0.958 
0.952 
0.856 
0.643 
o.e59 
o.935 
0,960 
0,971 
0,983 
0,976 
0.972 
0.979 
0.979 
0.':79 
0.974 
0.975 
0,966 
0,956 
0.961 
0 , 86 3  
o. 721 

mhe value of c in the above co�putation is the variable 

co�fficient of di3charge for any given :n&t'.lr de;>endill!': on the . rate of 

:lo·." :.:.�n ::isch!ll";;e is ex_Jresseci by the follo�;in;; formula: 

24 
25 

CALIBRATION OF VENTURI IEl'ER continued 

Q = cK2
2( ( s  - l)D)l/2 

'.'i'here Q = Flow in cfs d1 = Diam. of pipe 
c = Variable coefficient d2 = Diam. at throat 

K = n/4 vi - �2/d1)4 

8 " Sg of manom. fluid 
D = Defl. of me.nom. in .tt 

For the meter used in these tests, 

K = 6.68 d1 = 12 in. d2 = 6 . 915 in. e = 1.588 

Then 
Q = c 6.68 x o. 576 2 x o.seel/2 D1/2 

= C 1.706 D1/2 

C = Q/1.706 Dl/2 



Run 
�:o • 

l 
z 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1-i-
15 
16  
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

'fO::l:T..:RI :.3��1\ PORTlON OF RATING CURVE 

Eook Gage zero � 1.3835 ft 

Hook ca�e 

1 .440 
l .449 
1 ,4-58 
1 .475 
l .489 
1 .501 
l.5l4 
1. 527 
1 .530 
1 .5305 
1 .541 
1 .5475 
l .!>615 
1.571 
1 .5825 
1 .594 
1. 605 
1 . 615 
1 . 625 
l. 635 
1 . 645 
1. 5545 
1. 665 
l .687 
1 .707 
1 .731 

/)' ,r. /' ,, I ( 
( _  . ' . .  ' 

._,,(_ A  _ l' /1 ,I , '  . c.- ' '  , .  t 

t:anom. 
Head dtl . C era 

0 .0565 0.012 1.370 0 .150 
0.0655 0.018 1.460 0.196  
0.0745 0 .025 1 .s22 0 .241 
0.0915 0. 642 l .605 0.329 
0.1055 o.063 1. 622 0.407 
0.1175 o .oss l . 629 0 .475 
0 .1305 0.115 l . 638 o.sss 
0.1435 0.149 l.640 0. 633 
0 . 1465 0.158 l .644 C . 654 
o.1ss 0 .187 l. 648 0.712 
0. 1575 0.190 1. 651 0.718 
0 .164 0 .218 1. 655 0.774 
0 .178 0 .274 l.658 0.867 
0. 1875 0 .320 1 . 622 0.940 

0 . 199 0.376 l. 665 1 .020 
a. nos . 0 .443 1. 667 1 .10a 
0 . 221s 0.508 1. 669 1 .187 
0 . 2315 0.576 1 . 670 1.263 
0.2415 0. 650 1 . 670 1.341  
0 . 2515 0.719 1 . 670 1 .411 
0.2615 0.804 l . 670 1 .491 
0. 271 o.aaa l . 670 1 .570 
0. 2815 0.982 1 . 670 1 . 650 
0.3035 1 .184 l. 670 l.810 
0.3235 1 .356 1 .670 1.937 
0.3475 l.575 l . 670 2.087 

J...--<J. . (1 - J 
r I , I 1', I . ? / I I ,  

,.1 .J _,.� I;/ , .. ·' • :· -� : I ., . / I ' • l , ., • 
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Run 
No. 
1 
2 
3 
4 
5 
6 
7 
8 

ORD'ICE PORttON OF RATDG CURVE 

Hook gage on veir = l .3835 Zero reading on orifice tank 3 '  0.10" 
Head on orifice 

Hook gage Head 
1.450 o.0665 
1.4445 0.061 
1 .4405 0.057 
l.434 o.oso 
1 .4295 0.046 
1 .425 ,-,m- 0.415 ' 
1 .423 .... i ,:- 0.395 ' .  
1.419 .n,i 0. 355-

Heed gage ft & 1n actl&al head ft � eta 
9 a.so &.'lo 0;19e 
s 2. 26 s.1a 0.1'14 
6 11.98 3.99 0.153 
S 6.94 2.57 0.123 
5 0.46 2.03 0.109 
4 7. 24 1.60 0.097 
4 4.36 1.35 0.089 
4 0.2s 1.01 o.on 

Note,- On Run Uo. 8 under nappe felled to break clear 8ll the \'/fq 
around the weir. 

Run 
! :o. 

l 
2 
3 

To avoid confusion ot Pointe, only Runs Noe. 2 and 8 were 
enclosed with circles on rating curve plot. 

Determination of K for orifice . 

Heaci 
on weir 
o.0665 
0.061 
0.057 

Q by ven-
turi meter 

0.198 
0.174 
0.153 

Head on 
orifice Ho 

6 .70 
5.18 
3.99 

ttol/2 
2.59 
2.275 
l .999 

· K  = Q/Hol/2 

Further subcii vision ot K obtains the i'ollowinga 

Where Q = Discharge in cfs 
C = Orifice coefficient 

o.765 
o.765 
o.765 

Q ::  CA 8.02 ttl/2 

C = Q/A 8.02 Hl/2 A =  Area ot orifice in sq ft 
· H = Head on center of orifice 

For the 2 in. orifice used A =  0.0218 sq ft 

Then substituting in MY of the above runes 

C = 0.198/0.0218 X e.02 X 2. 59 = o.427 

,. 

2'1 



lµl'HalATICJ.L F.JUI OF RATIJ.;G CURVE 

To determine the lll!lthematical form of the rating curve log­

rithime of the head and correa9ondi� flow taken from the rating curTe 

were plotted on graph paper (Plate 10). If a curve of the form 

Q ,. KLHn ii anumed, the elope of th8 average line thru th8 points ie 

the value of n, while the interee�tion 01· this line with the Q axie ia 

the value or log K + log L. 

Now from the upper portion of the graphical solutions 

n : 10412 

log K + log L = 0.996 

log L = 01550 

log K = 0.446 

K " 2. 79 

Then 

� = 2.79 LHl.412 

Circw:iference of weir = 3.545 ft 

from the l011er portion of the graphice.l eolution it ia 

evident that the values of n and K are differont from the upper portion, 

The value of n = 1.57, ee eho'li?I on Plate 10, ia, however, illogical, 

since in the cese of a straight weir n = l.5 is the highest obtainable 

value, The equation for the l0\'1er portion of the rating curve wae 

determined by assuming the maximum value of n (1.5) and cocputing the 

value of K to give the rated dieche.rge under a head of 0.14 ft 

( H/D = 0. 1241) which value is eho'l'lll by the eraphical eolution to close­

ly epproximote the point of mathematical change in form oi tr.e ratiq; 

cun&. 
= KLffl,5 

K = ...JL 
LHl . 5 

28 29 
' , 

l.!ATHEl.,.TICJ.L FORM <u i\.ATIJ;G CU!\VE continued 

Substituting � =  0,615 Hl. 5 = 0.0524 and L = 3.545 

K = 3,31 

Then 

Q = 3.31 LH1 •5 

Point 
number H Q Log H Loi; � 

1 0.04 0,091 -1.398 -1.041 

2 0.06 0.167 -1.222 -0.777 

3 0,08 0.267 -1.097 -0.573 

4 0,10 0, 375 -1.coo -0.426 

5 0.12 0.491 -0.921 -0. 309 

6 0,14 0.615 -0,854 -0.211 

7 0,16 0,744 -0. 796 -0.128 

8 0.18 0.889 -0.745 -0.054 

9 0,20 1.026 -0.699 - 0.011 

10 0.22 1,178 -0.658 0.071 

11 0,24 1.328 -0.620 0,123 

12 0.26 1.482 -0,585 0.171 

13 0.28 1,639 -0.553 0,215 
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stnbility of the water surface warrllllted, since the slight variation 

in heed gr.ve P.lterntrte contact and free periods between the sphere 

and t�e water surface. 

The interference of the under nappe gage vertical motion 

(Plate 8 )  was nebligiole since the ridges created did not extend more 

than 180 degrees around the nappe at any flow. 

Contact of the spherical pointer ,vi.th the under nappe 

{Pl&te 8) ,ms very definite for the positions ,"Illich could be observed 

dirtctly from above. ·:/hen the mirror was used the ridi;es .rere viewed 

free the side and appeared as strenks of light -::hich were ns readily 

discernible as in the case of the directly viewed contact. 

DiscreJoncies in Data. Referring to trte under nnppe traces 

( Plntes 12 n.nd 13) discre_Jancies in the data were noted as indicated 

by the discontinuous increments of increase or decrease in departure 

of the traces fro:i tr.e zero coordinates. As cent.ioned above, theee 

discre,>ancies were seen to exist at the time the data wae to.ken, but 

repetition of the data fe.iled to produce traces differing from those 

;>lotted by core tiian 0.001 fi;et, In the opinion of the writer these 

ciis�repancies may be attributed to slight changes in crest conditions 

for different flows and failure to attain equal increcents of head by 

less than observable hook gage readings. 

Discontinuity of !,appe Plot at Crest of ·:ieir. Plate 13 

sh� s a discontinuity in the under nappe traces bet11een the weir 

crest and the beginning of the traces. The point closest to the 

32 

crest represents the last point which could be read with the sphere 

:·ithout interference with the lip of the nir. Traces �lumben 1 and 

18 were arbitrarily exten�ed to the weir crest for the sake of appear­

ance, and do not represent actual traces beyond adjacent points on the 

trace. itmnediately following. 

Velocity of Approach. In all computations the velocity of 

approach created by vertical flow thru the test tank was disregarded, 

s ince the corres,>onding velocity bead amounted to but 0.0006 feet at 

the highest rate of discharge used. 

It was also logical to assume that the size of the test 

tank was sufficient to cause no appreciable interference rlith the 

drewdO\m curve to the weir, since it was noted that particles on the 

surface of the ,:;e.ter close to the teet tank required fifteen minutes 

to reach a zone of rapid accelerntion toward the weir. 

Com,>e.rison of Under Heppe Traces. To show the degree of 

consistency bet,,een the uncier nappe traces as determined by these ex­

periments and the compu ,ed traces used in the design of morning glory 

spillllays at the present time, the traces on Plate 14 were drawn by 

s caling coordinates froo Plates 12 and 13, and from the drawing of the 

computed under nappe trace corresponding to a vertical weir in the 

Eydraulic L'.odel Studies for the Keystone Dem. The head die:neter ratio 

for the Keystone ilelll ,,as found to agree closely with that for run 16 

of these tests, so that no interpolation between traces was attempted. 

'. 

\ 
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· CO?ICLUSIONS 

Under· Nappe Traces, The under nap� traces as determined 

in theue OX,i>Gri.ments are sufficiently accurate to serve as a basis 

for further investigation. 

In the case of circular veirs the departure of the under 

nappe from the face of the nir is not a progressive function of the 

head ae in the case of rectilinear VJ8irs. 

The portion of the under nap_pe trace close to the weir 

crest should be investigated further to ,.heck against Ba.zin' s curveo 

for rectilinear weirs. 

Rating Curve. The equation of the rating· curve as deter­

mined by tl}.ese tests disagrees sufficiently nth the equations �esult­

ing from the investigations of Gourley and the University of Iom. to 

:nerit further tests on wire of varyin.g diameter and sharpness of 

crest . 

The rating curve for circular veirs consists in three 

parts if exlU"essed by an equation of the form Q a lCLHn. The first 

part varies in both K and n s.nd extends to a head diameter ratio of 

about. 0.125 for this investigation. The second pert is constant in 

K and n, the value of n being less than three .halves. The third part 

consists in a portion or reversal in which n becomes less than unity. 

This point occurs above the point of apparent nood out as indicated 

by the rising of the Joinirlg of the upper na.ppe_s. Tpis third portion 
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of the curve is of no value in- spillway design &Lei mey be neglected, 

since pipe friction �culd tfien be in control. 

Arrlicntion of this Investigation to Uorning Glory S�illwny 

Design. In the design of morning glory s;ilhmys for the proper 

curvature to keep the water age.inst the concrete face tte trace for 

discharge at caxi�w::i head should not be used and ex;ected to satisfy 

conditions at lover heads wit,.out .i,n-ociuciLt'; negative pressure. 

Rating curve for:nule.e for rectilinear weirs sriould not be 

used to determine crest ler:c;th re�uire:119r.ts for circular spill�1iy 

design. 

Uncier r.e.i)pe traces for circular weirs com,.,uted on tl,e be.sis 

of si::dler traces for rectilinear weirs ere radico..lly dissioilu- to 
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actual trnces for head die..-neter ratios o� the order of t�o ter.ths, enci are 

therefore wholly inaccurate when used to design B?illr.-al s of the 

.:.orr:ing glory type. 
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