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OBJECT OF THE INVESTIGATION

The purpose of this investigation was first, to determine the
traces of the under nappe of water flowing over a sharp crested circu-
lar weir at increasing increments of head from as low a head as could
be measured to the head cogresponding to a flooded out conditionj
second, to determine the rating curve for the weir; and third, to con=

sider the results as they may apply to morning glory spillway design.
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HISTORY

Within the last twenty years the design of a number of dams
having tunnel spillways with circular bellmouth inlets has required
that some method be found to approximate the under nappe trace of
water flowing over the bellmouth inlet so that a curve for 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 weir, either vertical or sloping up stream, having a diameter
sufficient to provide crest length for the required discharge. From
the under nappe measurements on rectilinear weirs as determined by
Bazin, the coordinates of the high point of 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 com=
puting the thickness of jet required to pass the flow at the available

velocity.

For the assumed particle path Mr. Ford Kurtz in his design of
the Pleasant Hill Dam for the Muskingum Conservancy District, chose
the center line of Bazin's jet and determined the equation of this
path by choosing three arbitrary points on this centerline and deriving

a parabolic equation thru them.

In the Hydraulic Lodel Studies for the Keystone Dam by
Professor George E. Barnes, the same procedure was followed except
that the equation is derived for a particle path one-third the thick-

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

is stated by Bazinsto have a mean velocitye.

As far as actual discharge formulae 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 were con-
ducted with vertical metal pipes of different diemeters faced off
squarely on the end, thus making a weir of appreciable crest width.
Experirents with this apparatus gave the following equation which was
considered to be correct for head diameter ratios up to two-tenthss
qQ = K"

Where n = 1.42 and X = 2,97 for a weir 13.70 in. in diameter.

Coincident with the experiments by the writer similar experi-
nents were conducted at the University of Iowa as student thesis work
under the direction of Professor Lane. These test weirs consisted in
circular sectors having radii of one, two and three feet. Under nappe
trace data was not considered too reliable but the following discharge
formulae were obtaineds

= 1e5
Q = 3.28 LH-*°
for head diameter ratios from zero to two-tenths.
Q = 3.18 LE**?

for head diameter ratios two-tenths to flood out.

Although neither of the above experiments were performed under
conditions quite comparable to those of the writer, their resulting

equations were used as standards of comparison in these tests.




DESCRIPTION OF APPARATUS

Path of Water. Water for this investigation was drawn from a
50,000 gallon reservoir beneath the floor of the laboratory by ome of
three centrifugal pumps and discharged into a constantlevel or orifice
tank on the second floor. The constant level tank discharged thru a
12 x 7 inch venturi meter in a 12 in. line into an 8 in. line con-
trolled by a valve 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 weir box
receiving the discharge from the orifice tank to two connected volu-
metric tanks on the first floor. After rising in both tanks to the
level required for constant flowsdischarge took place over the weir

directly into the reservoir beneath the floor.

Flow Measuring Equipment. Flow for these tests was measured

by venturi meter and orifico. 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 was used.

Circular Weir Setup. The circular weir (plates 1 and 2) used
for these tests consists in a ten-gallom cylindrical glass gasoline
measuring bell of the short type from a stand;rd 0il Company gasoline
pump. This glass cylinder is surmounted by a rolled copper ring one
inch high beveled at an angle of 60 d:gf:g./qn the inside faco and
machined to an outside diametsr of 15‘237;5 §n. and an edge width of
Z

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

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

with the outlet valve st the bottonm,

Aeration pipes consisting in four 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 two diameters 90 degrees apert

thru the sides of the volumetfic tank,

Extremely important in the maintenance of smooth flow wes a
conical 16 mesh screen covering the entire approsch area and mounted

ebove the aeration pipes at the base of the glass weir,

Immedistely ebove the fecder Plpe from the first volumetric
tank was placed an eight-inch sand and gravel bed supported on 1/4 in,
mesh gelvanized screen attached with staples to a 2 x 4 in, wood ring
fastened at six points around the volumetric tank end attached in the
same menner to a 2 x 2 in, wood ring surrounding 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 msnometer consisting in a water filled
U-tube was mounted on the outside of the tenk 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 gege

support angle,)

Under Nappe Gage, The under nappe gage (Plates i, 3, 4) con-

sists in e fixed horizontel bar mounted on 2 x 3 in, engles by a thumb-




a

screw errangement permitting edjustment in all plenes, On the horizon-
tal ber is mounted a rider geered to a rack on the under side of the bar
carrying verniers to read the divisions on the horizontal and vertical
bers, Mounted vertically on the rider and moving in guides adjusted by
cap screws is a stream-lined bar of lens cross section vhich pierces

the flow on one diemeter and carries a steel ring nine inches in dia-
meter in a horizontal plane axiel with the cross section of the verti-
cel bar. The motion of this bar is actuasted by a fixed geer contacting
a moveble rack clamped to the v;;tical bar at any desired point, On the
opposite diameter of the horizontal steel ring from the verticel ber is
the pointer mechenism (Plates 1 and 4) consisting in e short brass rod
slotted at the base to clamp on the horizontsel ring end fitted with a
hollow wrist pin and toggle spring essembly at the upper end which
actuates a short rod carried by the wrist pin, On the end of the rod
is a 1/4 in, bress spear which touches the under nappe. In order to
cover the entire range of flows it was necessary to have three positions

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

drawing,.

Gage for Joining of Under lNappes, This gage is an ordinery
point gege moving in a verticel plane over the center of the weir and

moving horizontally on a rider sliding on a horizontal wood beam,

UETHOY OF wOnrK

Zeroing of Geges. Eefore any data wes recorded, the zero
rendings for the hook and under neppe geges were determined. In the
cese of the hook gege, zeroing consisted in projecting the horizontal
plene of the weir to the hook zege by meens of o streight wood board
lsid scross the weir =nd touched by the hook gsge. Contact with the
point of the gage wes determined by noting thet & piece of thin peper
Just would or would not slide between the bosrd and the point, To

remove any error due to misaliznment of the board the procedure was

repcated with the board inverted end the results averaged.

The zero point for the under nappe gczge was chosen as the
neppe gege readings for esch pointer position when the center of the
sphere wes in the plene of the weir crest st the outer edge of the weir
and in the opereating plane of the nappe geage on = diameter of the weir.
Before these zero readings were determined, the gage assembly was
pleced in =& vertical plane thru the center of the weir crest by means
of plumb bobs, The verticel coordinates were then determined by touch-
ing e steel ber laid across the weir crest in the same menner as used
for the hook gage. The horizontel coordinetes were finally determined
by placing the steel bar on the weir crest perpendicular to the operat-
ing plene of the nappe gege. (Plate 5) The bar was then touched by
the sphere in the three positions and the horizontal reading of the
neppe gaege recorded, (Plate 6). The distance from the face of the bar
to the edge of the weir wes then meesured with a meke-shift diel gage

micrometer which wes zeroed on standard gege blocks, Plate 7).
geg




As a check, the entire sbove procedure was repeated at the

‘ end of the tests,

Interval of Under Neppe Traces. The interval of head for

each under neppe trace as indicated by the hook gage was arbitrarily
chosen as 0.01 foot beginning at the least heed which the mechanics
of the neppe gage permitted records to be taken and ending when the
weir floodéd out as indicated by the rising of the Joining of the

upper nappes to the weir crest,

Operation of Under Neppe Gage. Readings on the under nappe

gege were made by noting the coordinates when the sphere, for a given
pointer position, just did or did not touch the under ‘water surface,
Plete 8 shows this touch to be very definite, As the Joining of the
upper nappes rose the point of contact of the sphere with the under
nappe was entirely obscured. Contact was then determined by looking
thru the side of the weir with the aid of a smell 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 neppe

date was 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 changed,

Final lMethod of Plotting Data, The actuel treces as recorded

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

of the sphericel brass pointer. -At each point determined by coordinates
to the center sphere a circular arc having the radius of the sphere was
drewn with a compass. A smooth curve was then drawn thru the points of

tangency to the arcs.

Flow Manometer 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 this data resulted, how-
ever, in an illogicel curve. After several attempts to correct this curve
the data was abandoned and a separate rating curve was determined on the

basis of a new calibration of the venturi meter.

Yacuum Manometer Readings. For the first run, the water flowing
over the weir was allowed to fall directly into the reservoir. This
created a venturi action as the falling jet passed the valve in the
bottom of the tank and tended 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 thenm failed

to record any negative head and the readings were abandoned.

Maintenance of Steady and Smooth Flowe Theorétically, 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 constant level tank. Actually, however,




the pipe from the flume did not discharge steadily but slternately
discharged as an orifice, then filled to discharge as & siphon thus
creating & very unsteady discharge at the higher flows. This condi-
tion was practically eliminated by maintaining e high head in the flume

thus preventing the pipe from drawing 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 fully; however, it was
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.

Elevetion of Joining of Upper Nappes. To determine the approxi-

mete joining elevation of the upper nappes, point gage readings were
taken at several points on the joining surface with the lip of the weir
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 Meter Calibration. As mentioned above, failure of the

reting curve data taken in conjunction with the under nappe traces to
plot necessitated recalibration of the venturi meter. The procedure
for this calibration consisted in recording manometer deflections and
actual flow as determined by volumetric tank readings.. Nine points
between a low readable deflection (0.006 ft.) and a deflection corres=
ponding approximately to two second feet were used, four determinations

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

from point to point.

Reting Curve Runs, Following the venturi meter celibration
it was considered sdviseble to repeat the rating curve dete proceed-
ing in the manner indicated sbove, since it wes found that a logicsl

curve could not be plptted from the former deta on the basis of the

new venturi meter calibration,
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Gege Zeroes

Hook gege = 1,448

Reading
Hook gege at 1ip of weir = 1,3835 ft, number

. 1
Under nappe gage at lip of weir 2
FPointer Coordinstes 3
position Horizontal Verticsl 4
3 0.7245 1.412 S
2 0,899 1.4175 d
3 1.0445 1.4945 7
8
9
Trace Date 10
BT e 11
Heed = 0,055 Heed/Diem, = 0,049 Rum No. 1 12
13
Pointer Coordinstes 14
position Horizontal Vertical ./ 5
16
0.6975 .©27  1,400.° 7 17
0.6735 .05/ 1,380 g 18
- 0.6485 ,072 1.350,2¢2 ‘' 19
- 0.6195 1,300/ (2 20
- 0.596 , 722 1,250,142 21
- 0.5595 ,/ 1,150, 2¢.- 22
046855 =, 1,000 ;> 22
046355 =, 0,800 2
— 0.593 0.600 B

- 04556 0.400 -

3 0.6525 04200
Hook gage = 1,460

1
3
4
5
€
"
8
9
10
11
12
13
14
15
! 16
17

Heed

0.0645

Pointer
position

Trace Data - continued

Head/Diem. = 0.0572 Run No. 2
Cocrdinetes
Horizontel Vertical
0.704 1.4045
0.694 1,400
0.6775 1,390
0.6665 1.380
0.648 1,360
0,633 1.340 >
0.620 1,370 °
0,608 1,300
0.583 1.250
0.562 1.200
0.543 1,150
0.7385 1.210
0,727 1.180
0.720 1.160
0.698 1.100
0.682 1.056
0.6525 0.950
0.6140 0.800
0.569 0.600
0.548 0.500
0.7295 0.790
0.709 0.650
0.680 0.500
0.6425 0,300
0.6125 0.110
ead/Diam, = 0.0679 Run No.
0,703 1.406
0.685 1.400
0.€58 1.380
0.6375 360
0.6230 1.340
0.5950 1.300
0.5685 1,250
0,545 * 1.200
0,225 1.220
0.699 1,450 °
0,681 1.100
0.6315 0.950
0.5885 0.800
0,723 0.875
0,690 0.700
0,649 0.500
0,613 0.300
0.592 0.110
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Irace Data - continued TIrece Dete - continued
Yook : 1.470 Hemd = (,0865 sead/Diam, = 0,0767 Run No, 4 Hook gage = 1,490 Head = 0.1065 Head/bian. = 0,0944 Run No, 6
Pointer Coordinsates Reeding Pointer Coordinctes
n position Horizontel Vertical number position Horizontel Verticel
1 0.702 1.4075 1 1 0,704 1,408
- 0.682 1,400 2 - 0,671 1.400
3 - 0.6515 1.380 3 - 0.640 1.380
- - 0.623 1.350 4 - 0.609 1.350
S - 0.5855 1.300 5 - 0.5705 1.300
6 - 0.557 1,250 € 2 0,737 1.290
7 2 0,731 1,250 7 - 0.7125 1.250
g - 0.684 1.150 8 - 0.6625 1,150
o - 0.631 1.000 9 - 0.603 1.000
10 - 0.569 0.800 10 - 0.539 0.800
11 3 0.722 0.900 il 3 0.692 0.900
12 - 0,671 0.700 12 - 0.643 0.700
13 - 0.629 0.500 13 - 0.623 0.500
14 - 0.603 0.300 14 - 0,617 0.300
15 - 0,600 0.110 15 - 0.615 0.140
N
Fook gege = 1.480 Heed = 0.0965 Head/Diem. = 0.0856 Run No. S / Hook gege = 1,500 Head = 0,1165 Heed/Diam, = 0,103 Runm Mo, 7
1 E 0.702 1.408 1 1 0.7035 ,02/ 1.409 0073
> = 0.6755 1.400 2 - 0.6685 1.400
3 - 0.6455 1.380 3 - 0,6355 1,380
2 . 0.614 1.250 4 o 0.6035 1.350
5 - 0.577 1,300 S - 0.5630 1,300
6 2 0.736 1,280 6 2 0,7210 1,280
7 - 0.719 1.250 7 - 0.703 1.250
8 - 0.670 1.150 8 - 0.6505 1.150
o = 0.613 1.000 9 - 0.5905 1,000
10 : 045515 0.800 10 - 0.542 0,850
11 3 0.705 0.800 1 3 0.6935 0.950
12 - 0,656 0.700 12 - 0.6405 0.700
1: = 0.619 C.500 13 = 0.6305 0.500
12 I 0.610 .300 14 = 0.6265 0.300
15 : 0.606 0.110 : 15 = 0.6255 0.140
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Irece Deta - continued
} Hook gege = 1,510 Heesd = 0,1265 Head/Diem. = 0,112 Run No. 8
Pointer Coordinestes
position Horizontal Vertiecal
1 0,700 1.410
- 0.6625 1,400
- 0,631 1,380
- 0.5975 1,350
- 0.556 1.300
2 0.7285 1,300
- 0.696 1.250
- 0.6435 1,150
- 0.581 1.000
3 0,7345 1,100
- 0,671 0,900
- 0.645 0.700
- 0.6395 0.500
- 0,635 0,300
- 0.6325 0.140
Hook gege = 1,520 Heed = 0,1365 Head/Dism, = 0,121 Run XNo. 9
1 0.698 1.411
- 0.6585 1.400
- 0.6255 1.380
- 0.593 1.350
- 0.550 1.300
2 0,723 1.300
- 0.6&9 lom
- 0.6355 1.150
- 0.5735 1.000
3 0.726 1.100
- 0.671 0.900
- 0.6525 0.700
- 0.648 0.500
- 0.6435 0.300
- 0.640 0.140

[
54

.

Hook gage = 1.530 Head =
Reading

Hook gege = 1,540 Heed =

EE

number

= |
booo«qu»wun

12
13
14
15

{

Pointer

8
annnnuuusnrooa_wg

lllllwlllnlllll-‘

0.685

0.618
0.584
0.5405
o. m
0.677
0.622
0.564
0,7165
0.6805
0.6685
0.6625
0.658
0.6545
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Trece Date - continued Trece Dats - continued
Hook gege = 1.550 Head = 0.1665 Head/Diam, = 0.148 Runm No, 12 Hook gege = 1,570 Head = 0,1865 Heed/Dism. = 0,165 Run No, 14
Reeding Pointer Coordinetes Reading Pointer Coordinstes

number position Horizontel Vertical number position Horizontel Vertical
1 ) 3 0.684 1.413 i X 0.6885 1.415
2 - 0.647 1.400 ‘ 2 - 0.703 1.413
3 - 0.614 "1.380 3 - 0.675 1.413
< - 0.5795 1,350 4 - 0,639 1.400
5 2 0.708 1.300 5 - 0.6065 1,380
6 - 0.673 1.250 6 - 0,572 1,350
7 - 0.6185 1,150 7 2 0,6985 1,300
g - 0.5655 1.000 8 - 0.6635 1,250
9 3 0.716 1.100 9 - 0.641 1,150
10 - 0.687 0.900 10 - 0.5745 1.000
11 - 0.€75 0.700 11 3 0,7245 1.100
12 - 0.6675 0,500 12 - 0.702 0.900
13 - 0.6625 0.300 i3 - 0,691 0.700
14 - 0.6605 0,140 14 - 0.683 0.500
15 - 0,6785 0.300
Hook goge = 1,560 Head = 0,1765 Heed/Diam. = 0.1565 Runm lio, 13 16 - 0.676 0,140

' 4 1 0.6945 1.414 Hook gage = 1,580 Head = 0,1965 Head/Dinm. - 0,174 Run lio. 15

2 - 0.705 1.,4125

3 - 0.677 1.4125 i j § 1 0.687 1.416
4 - 0.643 1.400 2 - 0.7045 1.413
S - 0.€11 1.380 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
8 - 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 0.71¢ 1.100 ° - 0.615 1,150
2 - 0.694 0.900 10 - 0.580 1.000
13 - 0.6825 0.700 , 1 3 0.720 1.100
14 & 0.676 0.500 12 2 0.708 0,900
15 = 0.671 0.300 13 - 0.697 0.700
14 - 0,689 0.500
i35 - 0,682 0,300
16 - 0.6775 0.140




\ Irace Data - m ’ . Trace Data - continued
Hook gage = 1,590 Head = 0.2065 Hod/bh.. as.ms Run Yo. 15 Hook gage = 1,650 Heed = 0,2665 Heed/Diem, = 0,236 Run No. 18
Reading Pointer coorumu Reading Pointer Coordinstes
number position Horizontal Vertical : pimber position Horizontel Verticel
1 1 0,685 1.416 1 1 0.675 1.418
2 - 0.705 1,413 2 - 0.705 1.415
3 - 0,668 1.413 3 - 0.659 1,415
S - 0.633 1.400 4 0,625 1,400
5 - 0,601 1.380 5 - 0.595 1,380
6 - 0.565 1.350 6 - 0,565 1.350
7 2 0.6945 1,300 7 2 0,702 1.300
8 - 0.667 ' 1,250 8 - 0.678 1,250
9 - 0.6175 1.150 : 9 - 0,649 1.150
10 - 0.5865 1.000 10 - 0.624 1,000
11 3 0,7355 1,100 11 - 0.6035 0.800
12 - 0.715 0,900 12 - 0.591 0.600
13 - 0.705 0.700 13 - 0.582 0.400
14 - 0.696 0.500 14 - 0.5745 0.140
15 - 0.6915 0,300
16 - 0.688 0.140

/ 'ibl =2 0425 X2z 2457/

Hook gage = 1,600 Head = 0,2165 Head/Diam, = 0.192 Run No, 17 z"
O, = /t/»?f B=0.50¢

1 1 0,683 .34, 1.416500v6 — o,’igo¢ ~ o.#lo
2 - 0,703 o) - 1,414 pos® S5y .. 008
3 - 0,667 o5 > 1,414 .002® £ tOF — ©.08
4 - 0,630 DGy 1,400 .0/'RO - : & . -79
5 & 0.5985 ., 1.380,&9Q0 .. 2 3/¢ — 22
6 . 0.583 so/s 130,002 —FBT — 78
7 R 0,693 - 1,300 // 75 e \%“‘(} T -7"?.5‘
8 - 04663 254 1,250,475 i i IR
: - 06215, 2770 1,150 2475 ' 75 L5t
10 7 0.593 . 20¢  1,000. 4725 &80 — &sC
1 3 0,73 2/05 1,050 ety —~ 7.8 — 10.23
12 & 0.7215,225 - 0.900.59¢5 —~ 7.6/ — /0.5
13 z 0.700 3355 0.900, 794 = 292 _ 0
14 0.701 3y 35 0,500 7548 . £.22 - ol
15 4 S S g S U7
- 0.692 365 i M & ¥ ol
LA 2S5 0 140/3){1/}' ~ 5’,[,4/ — —7'?'28

~ \?"1
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ELEVATION OF JOINING UPPER NAPPES

Point gage at lip of weir= 1.967

T e e ——

Point gage readings
Run Intersection
Noe Center readings of upper nappe elevation
Low point High point with mushroom below crest
1 0,032 1.935
Joining concave upward with fine spray of air bubbles in jet

Average

COMPUTATION OF GAGE ZEROES
Computation at beginning of Te
Hook gage = 1.3835 ft, read directly

Under Nappe Gage Zeroes

Radius of contact sphere = 1/4 in. = 0,0104 ft

2 0.328 1.639
3 0.621 1.346
& 0.847 1.120
5 0.979 0.988
4 6 1.143 0.824
: 7 l.264 : 0,703
Joining concave upward with fewer and larger bubbles
8 1.363 0.604
Joining almost flet with few bubbles
9 1.465 1.565 SAO2 0.452
Further reduction in bubbles with more or less s0lid jet
rising to convex surface at center
10 1.558 1.681 .~ 1.614 0.349
11 1.762,2 1,701 0.235
Concave surface gone with few bub!;l,u entering jet
L8 2 294
12 1.780 . vl 0.214
13 1.865 /o= 1.796 0,136
14 1.921 1.858 0.077
Standing convex mushroom with occasional bubble entering jet
15 1.947 1.903 0.042
16 1.997 1.941 0,002
17 2,030 1.971 0.034
18 2.165 2.136 0.184
AL LT

kicrom= Gage Microm-
Pointer Coordinates eter block eter
position Horizontal Vertical reading length zero
1 0.5575 1.4015 0,108 in. 2 in. 2,000
0.1566 0.0104 -0.229
0.0104 1.4119 1.771
0,7245 +0.108
1.879 in =0,1566 ft
2 0,732 1.,4070 0,108 in. 2 in. Same as above
0.1566 0.0104
0.0104 1.4174
0.8990
3 0. 6955 1.484 0.090 in. 4 in. 4.000
0.3385  0.0104 -0.031
0.0104 1.4944 3.969
1.0444 +0,090
4,059 in= 0.,3385 ft
Computetion at End of Tésts
Hook gage= 1.3835 ft, read directly
Under Nappe Gage Zeroes
Microm- Gage Microm-
Pointer Coordinates eter block eter
position Horizontal Vertical reading length zero
1 0.5395 1.402 0.122 in. 2 in. 2.000
0.1738 0.0104 =0,037
0.,0104 1.4124 1,963
0.7237 +0.122
2.085 in =0,1738 ft
2 0.5565 1.4065 0.023 in. 4 in. 4,000
0,3323 0,0104 -0,034
0.0104 1.4169 3.966
0.8992 +0,023
3,989 'in= 0,3323 ft
3 0.6995 1l.484 0,051 in. 4 in. 4.000
0.3350 0.0104 -0,031
0,0104 1.4944 3.969
1.0449 +0,051

4,020 in= 0,3350 ft




CALIBRATION OF VENTURI METER . CALIBRATION OF VENTURI METER comtinued , |
(See Flate 9 for plot of variable coefficient) : : et - ‘

- AL ’ Rt
" /) B
Volumetric tenk Actuel Q= Gxgz((' "1335&/,'
lNo. Reedings ft & in. Difference flow Meanom,
Initiel Final ft&dn. &t ofs  dfl, ¢
Where Q = Flow in cfs dy = Diam. of pipe

1 2 4,98 2 6.42 0 1,44 0,120 0.057 0.006  0.429 ¢ = Variable coefficient dz = Diem, et throat

2 211,77 3 4,43 O 4.66 0,388 0,183 0.017 0.824 K = n/a s = Sg of menom. fluid

3 5 237 511.47 O 910 0,758 0.357 0.099 0.921 i1 - (dp/d1) D = Defl. of menom. in ft
4 2 5,5 3 8,70 1 3,14 1,262 0.595: 0,126 0,986 ' :

5 5 B8.39 7 5.30 1 891 1,743 0,822 0,241  0.984 For the meter used in these tests:

¢ 4 2.8 6 S5 2 2,65 2,205 1,040 0,390 O, :
7 2 0,07 7 5,71 5 5,64 5,470 1,228 0,595 o.ggg K=6,68 d =121in, dg = 6,915 in, s = 1,588 "
€ 5 5.41 810,71 3 5,30 3,442 1,623 0,946 0,981 aal

9 2 0.72 6 1.73 4 1,01 4,000 1938 1.33 -
10 2 0.00 5 5.2 3 5,21 3,434 1.620 0.952 g.ggf Q = ¢ 6.68 X 0.5762 X 0.588%/2 D1/2

11 7 6,54 10 3,08 2 8,54 2,711 1.280 0,595 0,975
12 2 0.61 4 3,13 2 253 .30 0.7 0.973 = ¢ 1.706 D¥/2
13 3 9,59 5 6,72 1 9.4 1.762 0,830 - 0.251 0,973

14 9 1.75 10 3,88 1 2,13 1,177 0.555 0,116 0,958 e = Q/1.706 DY/2
15 6 8.5 7 5.87 0 9,31 0,776 0,366 0,051 0,952
16 3 2,51 3 7,35 0 4,84 0,404 0,190 0,017 0,856
17 2 4,49 2 6.65 O 2,16 0,180 0.085 0.006 0,643

18 2 6,10 211.09 O 4,99 0,416 0,196 0,018 0,859
19 4 2,92 411.88 0 8,96 0,746 0.352 0.049 0,935

20 2 0.86 3 3,07 1 2,21 1,184 0,559 40,117  0.960
2 2 0.23 3 9,61 1 9,38 1,782 0,840 0,258 0,971

22 4 3,52 6 6,07 2 2,55 2,22 1,043 0,390 0,983

23 7 6,03 10 2.88 2 8,85 2,738 1,291 0,603  0.976

24 5 6,73 811,81 3 5,08 3,424 1,618 0,957 0,972

25 2 1,52 6 1,95 4 0,43 4,03 1,908 1,313 0,979

26 6 4,06 10 4,87 4 0,83 4,069 1,922 1,328 0,979

2 5 6,48 811,30 3 4,82 3,401 1,606 0,928 0,979

28 2 0,82 4 8,83 2 8,01 2,667 1,257 0,573 0,974

20 4 2,32 6 4,23 2 1,91 2,159 1,008 0,376 0,975

30 5 6,3 7 3,22 1 887 1,740 0.820. 0,249 0,966

31 8 2,35 9 4,87 1 2,52 1,20 0,570 ¥ 0,123 0,956

32 4 510 5 2,53 O 9,43 0,786 0,370 0.051 0,961

3 211,40 3 4,67 O 5,27 0,440 0,208 0.020 0,863

34 2 0.3 2 2,81 O 2,45 0,204 0,096 0,006 0,721

The value of ¢ in the above computation is the varieble
coefficient of discharge for any given meter depending on the rate of

flow when discharge is expressed by the following formulas




VZITURI LETZR PORTION OF

Hook gage zero = 1.3835 ft

Hook gage

1.440
1.449
1,458
1.475
1.489
1.501
1.514
1,527
1.530
1.5385
1.541
1.5475
1.5615
1.571
1.5825
1.594
1.605
1.615
1,625
1.635
1.645
1,.68545
1,665
1.687
1.707
1.731

Head

0.0565
C.0655
0.0745
0.0915
0.1055
0.1175
0.,1305
041435
0.1465
0.155

0.1575
0.164

0.178

0.1875
0.199

0.2105
0.2215
042315
0.2415
0.2515
0.2615
0,271

0.2815
0.3035
043235
0.3475

Lianom.
dafl.

0.012
0.018
0.025
0.642
0.063
0.085
0.115
0.149
0.158
0.187
0.190
0.218
0.274
0.320
0.376
0.443
0.508
0.576
0.650
0.719
0.804
0.888
C.982
1.184
1.356
1.575

ATING CURVE
Q

¢ cf's
1.370 0.150
1,460 0,196
1.522 0.241
1.605 0,329
l.622 0,407
1.629 0.475
1.638 0,555
1.640 0,633
l.644 (C.654
l.648 0.712
l.651 0,718
1.655 0,774
1.658 0,867
l.622 0,940
1,665 1.020
1.667 1,108
1.669 1.187
1,670 1,263
1.670 1.341
1.670 1.411
1.670 1.491
1.670 1.570
1.670 1.650
1.670 1.810
1.670 1,937
1.670 2.087

Hook gege on weir = 1,3835

ORIFICE PORTION OF RATING CURVE

Run Heed on orifice
No. Hook gege Head Head gege ft & in actual head ft Q cfs
1 1.450 0,0665 9 8.50 6,70 0,198
2 1.4445 0,061 8 2.26 5.18 0.174
3 1,.4405 0.057 6 11,98 3.99 0,153
- 1.434 0.050 S 6.94 2,57 0,123
S 1.4295 0.046 5 0.46 2,03 0.109
6 1,425 o5 0,415 4 7.24 1.60 0,097
7 1.423 03¢5 0,395 4 4,36 1,35 0.089
8 1.419 0359 0,355 4 0,25 1.01 0.077
Notes= On Run No. 8 under nappe feiled to break clear all the way
around the weir,
To evoid confusion of points, only Runs Nos, 2 end 8 were
enclosed with circles on rating curve plot.
Determinetion of K for orifice.
Run Head Q by ven- Head on
No. on weir turi meter orifice Hy Hol/2 K= Q./Hol/2
p 0,0665 0,198 6.70 2,59 0.765
2 0,061 0.174 5.18 2,275 0.765
3 0,057 0.153 3.99 1,999 0,765

Further subdivision of K obtains the following:

Q = CA 8.02 ul/2 Where = Discharge in cfs
C = Orifice coefficient

C = Q/A 8,02 Hl/2 A = Area of orifice in sq ft
H = Head on center of orifice

For the 2 in, orifice used A = 0,0218 sq ft

Chen substituting in any of the above runs:

C = 0.198/0.0218 X 8,02 X 2,59 = 0,427

Zero reading on orifice tank 3' 0,10"
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MATHEMATICAL FORM OF RATING CURVE mnmm'xcu. FORM OF RATING CURVE continued

To determine the methemetical form of the rating curve log- Substituting § = 0.615 H'*5 = 0,0524 end L = 3,545

rithims of the heed end corresponding flow teken from the rating curve K=3,31
were plotted on graph peper (Plate 10). If a curve of the form Then
Q= KLH is sssumed, the slope of the average line thru the points is Q= 3.3 Lited
the value of n, while the intersection of this line with the Q axis is Point
: number H Q Log H Lo,
the value of log K + log L. 3 3
s 1 0,04 0,091 -1,398 -1,041
Now from the upper portion of the graphical solutions :
) 2 0.06 0,167 -1,222 =0.777
n = 1,412
3 0.08 0,267 -1,097 =0,573
log K + log L = 0,996 Circumference of weir = 3,545 ft
: 4 0.10 0,375 =1,000 =-0,426
log L = 0,550 ;
5 0.12 0,491 -0,921 =-0,309
log K = 0,446
6 0.14 0.615 =0,854 -0.211
K = 2,79
7 0.16 0,744 -0,7% -0.128
Then .
8 0.18 0,889 -0,745 -0.054
Q = 2.79 ml.uz
9 0.20 1.026 -0,699 - 0,
from the lower portion of the graphicel solution it is ..
10 0.22 1.178 =0.6 .
evident that the velues of n and K are different from the upper portion. i o
11 0.24 1,328 =0,620" .
The value of n = 1,57, as shown on Plete 10, is, however, illogical, e e
; 12 0,26 l.482 -0, .
since in the case of & straight weir n = 1,5 is the highest obtainable i s
13 0.28 1,639 -0,553 0.215

velue, The equation for the lower portion of the rating curve was
determined by sssuming the maximum velue of n (1.5) and computing the
velue of K to give the rated discherge under a head of 0,14 ft

(E/D = 0,1241) which velue is shown by the grephical solution to close-

ly approximate the point of mathematical change in form of the rating

curve, g - ml.s

K= —i
Lik 5

S —




'COLIPARISON OF RATING CURVE FORMULAE
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rom the rating curve

coordinates read directly r

ained from

ums were obt
ests (Plate 11),

in these gol

(1) The figures

as determined in these t.

i
o
o
@
o
-

(2) Formulae for rating curve derived from these

(3)
(4)

Formulas for rating curve as determined by Gourley.

the University of Iowa,

Formulae for rating curves ds determined by

rmined in this investigation.

(5) Percent error refers to rating curve as dete

this point,

(6) Formula not supposed to be reliable beyond

/

DISCUSSION

Accuracy of lleasurements, Since this investigetion was

essentielly new and originel and there was no definite procedure es-
tablished for acquiring the contemplated results it is necessery to
show that the measurements teken have g sufficiently accurete besis to

be used in further investigations,

In view of the accurate calibration of the venturi meter
and the use of the so determined coefficient to determine the discherge
at all rates of flow, the venturi meter determined portion of the rating
curve should be accurate within the least reading of the menometer, which

is two percent for the lowest deflection used and less than three-tenths

percent for the highest deflection,

For ths computetion of the orifice coefficient ¢, an extreme-

low value of ¢ (¢ = 0.437) was obtained, No explanetion of this value

is offered except that it gave results consistent with tie venturi deter-

mined portion of the rating curve,

Head determinetions with the apparetus described ebove were
probebly eccurate within the least division of the hook gage (0,001 ft.)

elthough by careful menipuletion the geze could be read accurately to

0.00025 feet, Slight periodic verietions in head, however, mede necessary

averaging of hook gage readings for a msan velue, In no case was data

recorded with hook gage readings verying more than 0,001 feet,

The mechenism of the under neppe gege made possidble megsure-

: 4 ] v s +he e
ments within 0,0005 feet, This velue was consicerably less than the

31




stability of the water surface warranted, since the slight veristion
in heead gave slternate contact and free periods between the sphere

and the weter surface,

The interference of the under neppe gege vertical motion

(Plate 8) was negligible since the ridges created did mot extend more -

then 180 degrees around the neppe at any flow,

Contact of the spherical pointer with the under neppe
(Plete 8) was very definite for the positions which could be observed
directly from sbove, When the mirror was used the ridges were viewed
from the side and appeared as streaks of light which were as readily

discernible es in the case of the directly viewed contact,

Discrepancies in Dats. Referring to the under nappe traces
(Pletes 12 and 13) discrepancies in the data were noted as indicated
by the discontinuous increments of increase or decrease in departure
of the treces from the zero coordinates, As mentioned above, these
discrepancies were seen to exist at the time the data was teken, but
repetition of the data feiled to produce traces differing from those
olotted by more then 0,001 feet, In the opinion of the writer these
diséregancies may be attributed to slight changes in crest conditions

fordifferent flows snd failure to sttain equal increments of heed by

less then observable hook gege readings.

Discontinuity of Nappe Plot at Crest of Weir. Pleate 13

shows a discontinuity in the under nappe traces between the weir

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

crest represents the last point which couu be M with ii lﬁu‘!
without interference with the lip of th. ﬁlr. !l'un“ w 1 ﬂ
18 were erbitrarily extenced to the weir erm for the sske ot uppuc-
ance, end do not represent actual traces beyond edjacent pointn on the

trece, immediately following.

Ve. ty of . In all computstions the velocity of
approach created by vertical flow thru the test tenk was disregerded,
since the corresponding velocity head amounted to but 0.0006 feet at

the highest rate of discherge used.

It was also logicel to assume that the size of the test
tank was sufficient to cause mo appreciable 1nterfog.ncc with the
drawdown curve to the weir, since it was noted that perticles on the
surfacd® of the weter close to the test tank required fifteen minutes

to reach a zone of repid acceleration toward the weir,

Comparison of Under lNeppe Traces., To show the degree of
consistency between the under neppe traces as determined by these ex-
periments and the compuied traces used in the design of morning glory
spillways at the present time, the traces on Plate 14 were drawn by

sceling coordinates from Pletes 12 a.nd 13, and from the druing of the

computed under nappe trace corresponding to a verticel weir in the

Hydraulic Model Studies for the Keystone Dem., The head diemeter ratio

for the Keystone Dem was found to agree closely with thet for rum 16

of these tests, so that no interpoletion between traces was attempted,




- CONCLUSIONS

Under Neppe Traces, The under nappe traces as determined

in these experiments are sufficiently accurate to serve as a basis

for further investigation,

In the case of circular weirs the deperture of the under
nappe from the face of the weir is not a progressive function of the

head as in the cese of rectilinear weirs.

The portion of the under neppe trace close to the weir
crest should be investigated further to ~heck against Bazin's curves

for rectilineer weirs,

Ratigg Curve. The equation of the rating curve as deter-
mined by these tests disegrees sufficiently with the equations result-
ing from the investigations of Gourley and the University of Iowa to
merit further tests on weirs of verying diameter and sharpness of

crest,

The reting curve for circular weirs consists in three
parts if exgressed by an equation of the form Q = KLH®, The first
part varies in both K and n and extends to a head diameter ratio of
sbout 0,125 for this investigation. The second pert is constant in
K and n, the value of n being less then three halves, The third part
consiste in & portion of reversal in which n becomes less than unity,

This point occurs sbove the point of apparent flood oﬁt as indiceted

by the rising of the joining of the upper nappes. This third portion

35
of the curve is of no value in-spillwey design snd mey be neglected,
since pipe friction wculd thken be in contrel,
Applicetion of this Investigetion to Morning Clory Spiliwey
Design. In the design of morning glory spillweys for the proper
curveture to keep the weter agasinst the concrete face the trece for 272

dischargze st meximum head should not be used end expected to setisfly

conditions at lower heade without producing negative pressure,

Rating curve formulee for rectilineer weirs should not be
used to determine crest length requireuments for circular spillwe}

design,

Under reppe traces for circular weirs computed on the besis
of similer traces for rectilinear weirs ere radieally dissimiler to
ectuel traces for head diemeter retios o. the order of two tenths, enc ere
therefore wholly inaccurete when used to design spillweys of the

morning glory type.
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