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“{ICPTIC

A portion of the water stored in the Owyhee Reservoir will
be diverted through Tunnel No. 1, thence through Tunnel No. 5 and in-
to a high-line irrisatien distribution system for use in the Snake
River Valley: To measure the discharge through Tunnel No., 1 with
various elevations of the reservoir, a measuring device has been built
" into the regulating headworks near the intake. This device, while
neither strictly a Venturi meter nor a Venturi flume, has character-
istics of both and will have the flcw conditions of either depending
upon the elevation of {the water surface in the reservoir, the amount
of gate opening and the quantity of discharge.

As a means of determining the laws of flow for the measur-
ing device and to obtain data for construction of discharge diagrams
Aand tables, hydraulic model tests were made by the U. S. Bureau of
Reclamétion in the hydraulic laboratary of the Colorado Agricultural
College, Fort Colliﬁs, Colorado.

The discharge data obtained from the model was applied to
tho prototype by the laws of hydraulic similitude as outlined by

Chick,*

¥ Transference :iquations, ilton C. Chick, Freeman's "Eydraulic
Iaboratory Practice," pago 799,
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CLOSEUP OF MODEL SHOWING GATE CONTROL
MECHANISM AND PE1ZOMETER CONNECTIONS

i

SIDE VIEW OF MODEL AFTER INSTALLATION

SIDE VIEW OF MODEL AFTER INSTALLATION
SHOWING TAILWATER CONTROL BOX

MODEL OF OWYHEE VENTURI METER-FLUME

PLATE B



PLATE €

MODEL DURING CONSTRUCTION MICROMETER HOOK GAGES AND WELLS

COMPLETE ASSEMBLY OF MODEL BEFORE INSTALLATION

MODEL OF OWYHEE VENTURI METER-FLUME



Di3CRIPTION OF lODZL

The modcl cf the Owyhee, flumes was constructed of rcdwood
on a thcorctical scule ratio of 1 to 24 with a pyralin top extending
si% inches upstrecam ond dovmstrear. from tlic tihroat or control scec-
tion (soc Plate 4,. The meter and the appro..ch coaditions were du-
mlicated in the mor:l but only a2bcut Torty fect of the discharge
tunnel wvas uécd. &+ control box was built at the end of this short
scction of tunnul to give the flow conditions in tiic tunnel.

The nmodel was placed ncuar the bottom of a tunk that scrved
as a rescrvoir aud :ihe clcvation of the water in t!'is tank wes de-
fcrnincd by .acans of a hook rufe. A 90-degree V-notell weir was used
to nmcasurc tne quantity. The piezomcter rings for dcetermnining the
difference in hcad betwecn the entrince scction and throat section |
wcre placed as in tho nrotctype cxcept that the ring ut the throat
was pluced 1/4-inch upctrear (1/2 foot on the prototypc) so that the
openinrs wrould not oceur ut a corner. There werc twelve openings
at the upstrcam rin-, =nd nine at thc control section, all equally
spaced in top, hottom nd sides,

During the firat twenty-Live runs‘piQZOMthr tubes were
used to detcrmiuce the difference in pressure head between the cn-
trancc and throat sections, With this sot-up it w:as necessary to
estimiate the thousandt':s of u foot, Ifor low discharges the differ-
cnce in head was less tran a thousandth of o foot co thot it was
neecussury to install o more scouwrate nousurinsg devicee The piczom-
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eter rings were, thcrefore, comnected to cylindrical wells and mi-

b}

crometer hook rages, ™ridv~*-' t0o thousandths of an iiach, were used

as illustrated on Plate C.

CONDITIO:'G CTF 10V
The flow in the Verturi meter-flume was uwivided into three
conditions, euach of wiich required a different arilyzis. These three
conditions were:

(1) The moter-flume vas onerating as a Venturi noter withi both
te entrance ani tigsroat sections flowing full., The standard Venturi
forriula was used in the analysis of the datu for this condition.

(2) The meter-rlune was operating as a Venturi meter witi. the
entranco section flowing partly full and throat scction was flowing
full. The standard Venturi tformula was uscd in this case with the
substitution of the actual water area &t the entrance piezometcr
cross-scction and tlie cross-sectional arca ot the meter at the throat.

(3) The meter-rlume was operating as a Venturi rieasuring flume
with both the cntrance and throat sections {lowinsg partly fuil. In
the =2nalysis of this data, the formula for discharge over a weir was
used with the correcction duo to submergence included in the coeffi-
ciecut "C" which is a variablo dependent upon the nercentage of sub-

ricrgence, hy/hg.



_HESULTS_AND. CCNCLUSIONS

The action of the model was satisfactory except when the
discharge condition changes from that of a Venturi meter to that of
a Ventwri flume. As the water breaks free fram the throat-section
a disturbance is set up which affects the gage reading at the throat.
However, this condition prevails only over a slight range in flow
and can probably be remedied by a slight change in the control gate
settings.

The gate openings have an influence on the discharge coef-
ficient both when tiic meter is flowing full and flowing partly full.
.\8 a result, it is recarwiended that all gatés si:ould be operated to-
gether; i. e., ull raised or lowered the same amount. Several runs
were made with different gate combinations and all showed a marked
deviation in the coefficient of discharge. These runs are not shown
in the surmary of data for that reason.

The elevation of the water in the discharge tumnnel had no
effect on the discharge coefficient for the condition where the me-
ter was flow7ing full, but it did have a decided effect when the
throat was flowing free.

As the coefficient of flow in the tunnel cannot be fore-
cast and as it will be subject to change with years of usage, the
derivation of the disclarge data for the condition of the moter
acting as a Venturi flume was made in terms to eliminate that vari-
able. A wide variation of tailwater conditions was made in the

4



model to obtain a wide variation of the ratio of submergencc. In
turn, the ratio of sutmergence was reluted to the elevation hoad
hy in the ontrance section.

Several runs were made with the samo discharge btut differ-
ont reservoir elevations but ro effoct was found in the coefficient
of the metor due to that variatle.

At the besinning of the exp;riments, an air-rocket formed
below the throat sectioh and extended downstream about twenty feet
(prototyne) for high flors and reservoir elevation 2600L. To elim-
inate that condition, vents trere installed in the top of the model
eight feet and twenty feet (prototype) dowvnstream fror: the throat
section. The vents eliminated the air pockets and -rere in operation
throughout the tests.

Two separate scts of gages will be needed to record the
heads at the entragce and throat sections; (1) a differontial gage
to record the diffefence in pressure head (h, - hb) between the en-
trance and throat piezometer sections when the meter is acting as
a Venturi meter and (2) a set of float gages to record the elevation
head at the entrance ani throat piezometer sections when the meter

is acting as a Venturi flume.
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SABLE KO, 1

.§HHH?BX_QE_2ugA 0}, UNKEL V:RTURI METER-FLU.E.
Venturi Weter COQQQEQ [77Y: 7Y i CU VIl UoU VeVl :ua.) .
Weir Tailwater Gage Reservoir Elevation Model Q -
Change | Correction Nodel Change | Correatior] Correoted % pire. |[Deviation| Xo.
pun Qlan du;::g %m!d to Blevation,] during due to for 3 2.2l x 3 of | cates
. , ondage, Raa Pondage, Pondage, |(hg-h -h hg-h: - Percent |uUates| Raised
No. 0.f.8.] Feeot. 6.f.5, Feet reei c.f.s. o.f.g? he-h) ‘(ha ») (ha-hy) L% Used. | Percent
26 10.7961 - - 111.125 | -0.004 | +0.0006 0.7966 0.12413 [0.36232 |0.7786 +0.0180| +2.3 Al | 21.68
27 «7077 | +0.004 } -0.00006 111.138 +0.014 | -0.0017 7055 .09908 .31477 .6956 + ,0099 +1.4 n 18.75
.28 .6166 [+ .001 .|~ .0001 111.131 |- .002 |+ .0003 .6168 .07625 | .27613 .6102 + ,0066| +l.1 " 16.05
29 .5629 |+ .001 |- .0001 111.125 |+ .011 |- .0014 .5614 .06316 | .25132 .5554 + 0060} -+1.1 " 14.58
30 .4967 |+ .001 |- .0001 111.132 |+ .0056 |- .0006 .4960 .05108 | .22601 .4995 - .0035| -0.7 n 12.50
21 .4258 |+ .002 |- .0003 111.112 |+ .004 |- .0005 . 4250 .03807 | .19512 L4312 - .0068| -1.5 n 10.84
32 « 3621 - - 111.114 | + .004 |- .0008 .3516 .02636 | .16236 .3588 - .0072} -2.0 " 9.17
33 .2802 |+ .008 |- .0003 111.118 |+ .007 |- .0009 .2790 .01616 | .12712 .2809 - 0019 -0.7 » 7.48
34 .2242 |+ 002 |- .0003 111.124 |+ .004 |- .0008 .2234 .00997 | .09985 .2207 + .0027]| +1.2 " 5.42
35 .1406 [+ .001 |- .0001 111.109 |- .041 |+ .0050 .1455 .00402 | .06340 .1401 + .00848) +3.7 n 3.33
3" .0702 +* .001 - 00001 109.677 - 0011 + .0012 00713 000119 003450 00762 - 00049 '6.9 - 106"
38 .1406 {+ .001 |- .0001 109.713 |+ .009 |- .0010 <1395 .00429 | .06550 .1448 - .0063]| -3.8 n 4.91
39 «2235 |+ .003 |- .0004 109.716 |+ .004 |- .0004 .2227 .01080 | .10392 .2297 - .0070| -3.1 n 7.7
40 .2807 |+ 008 |- .0003 109.726 |+ .002 |- .0002 «2802 .01624 | .12744 .2816 - .0014| -0.5 ® 9.58
41 «3506 |+ .001 |- .0001 109.731 | + .004 |- .0004 . «3501 .02526 | .15893 3518 - .0011] -0.3 " 12.49
42 .4283 - - 109.709 |+ .006 |- .0007 «4216 .03748 | .19360 .4279 - .0063]| -1.5 “ 15.00
43 .5032 |+ 001 |- .0001 109.722 | + .007 |- .0008 .5023 .05124 | .22636 .5003 + ,0020] +0.4 o 17.70
44 5631 |+ .006 |- .0008 109.724 - - +5623 .06480 | .25456 .5626 - .0003| -0.0 » 20.00
45 .6181 - - 109.732 |- .006 |+ .0007 .6144 .07658 | .27673 .6116 + .0028 | +0.5 » 28.09
46 .7080 |+ .004 |- .0005 109.722 | + .019 |- .0021 .70564 .10008 | .21635 .6991 + ,0063] +0.9 » 25.82
47 .7681 - - 109.717 |- .006 | + .0007 «7058 .11296 | .33610 .7428 - .0370| -5.2 ® 27.49
48 .7650 |+ .002 |- .0003 108.515 - - . 7647 .12630 | .35539 | .7854 - 0207 -2.7 = 1100.00
49 .7052 |+ .002 |- ,0003 108.496 - - . 7049 .10750 | .22787 | ..7246 - .0197] -2.8 * 1100.00
60 +0704 |+ .004 |- 0005 111.129 |+ .011 |- .0014 .0685 .00100 | .03162 .0699 - .0014] -2.,0 " 1.04
‘61 «1401 |+ 001 - ,0001 111.128 + ,006 |- .0006 <1394 .00421 06489 .1434 - .0040 2.9 L] 3,08
62 .1426 |+ .002 |- .0003 109.732 |- .001 |+ .0001 1424 .00473 | .06878 .1620 - <0096 | -6.8 " 4.38
63 .2206 |+ .003 |- .0004 109.729 |+ .006 |- .0007 .2194 .00953 | .09762 .21587 + .0037] +1.7 n 7.08
64 <2205 - - 111.136 |+ .006 |- .0007 - .2198 .00985 | .09925 .2193 + ,0008] +0.2 ® 6.81
65 .2802 |+ 005 |- .0007 111.139 |+ .001 |- .0001 .2794 .01603 | .12661 .2798 - ,0004] -0.1 " 6.67
66 .2804 - - 109.718 |- .009 | + .0010 .2614 .01649 | .12841 .2838 - +0024]| -0.9 » 8.96
76 <7169 |+ .003 |- .0004 108,502 |+ .003 |~ .0003 «7162 .10882 | .32988 .7290 - .0120] -1.8 ®* ]100.00
77 .7651 |+ .003 |- .0004, 108.582 |+ .001 |- .0001 .7646 .12429 | .35855 L7791 - .0145] -1.9 * 1100.00
78 .0604 {+ .002 | - .0003 111.101 |- .004 + ,0008 .0506 .00051 | .02288 .0499 + 0007 +1.4 " 0.83
79 .1681 | - - 111,127 |- .001 |+ .0001 .1682 .00500 | .07071 .1663 + ,0119] '+7.1 . 3.76
80 «2587 |+ .002 |- ,0003 111.136 + ,001 - .0001 2523 .01269 11265 .2490 + 0033 +1.3 L] 6.28
81 .3206 |+ .002 |- .0003 111.121 |+ .002 |- .0002 «3201 .02103 | .14502 .3206 - .0004] -0.1 " 9.92
90 .7651 |+ .003 | - .0004 109.120 |+ .002 |- .0002 <7645 .11770 | .34307 .7588 + ,0063| +0.8 No.3 ]100.00
102 «0967 - - 111,137 |+ .001 |- .0001 «0966 .00189 | .04347 .0961 + ,0005 0.0 a1 2.08
103 0967 |+ .007 |- .0009 110.428 + .002 - .0002 .0956 .00165 .04062 .0898 + ,0088 +6.0 n 2.92
104 +0967 |+ .009 --+0012 109.710 + .005 - .0006 +0949 .00178 .04219 .0932 + ,0017 +1.7 L 3.78
108 .0767 |+ .003 |- .0001 109.731 |+ .001 |- .0001 <0765 .00114 | .03376 .0746 + .0019] +2.4 " 2.52




EXPLAIL..TION OF GUIZ:ARY OF DATA FOR
OWYIZE TUNNZL VENTURI METTR-FLUME
(Venturi Moter Conditions with Both Sections Full)
Table No, 1
411 the data both recorded and computed is summarized in |

Table No. l. The significance of each column and the methods em-
ployed in the derivation of the data therein is explained in the fol-
lowing as a generual guide:

Column 1 - Run Number - Each run of the test as given a number which

usually is chronological in nature except in cases where it was nec-
essary to make re-runs,

Column 2 - Quantity, c. fo 8. - The flow of water into the model was

measured by a 90-degree V-notch weir, the formula for which 1is
a=cud2 ()
where C = 2,4972
The head on the weir was measured by a float gage and a
hpok gage and the results fram the two gages were averaged after a
correction factor for each was applieds The correction factors
were

Hook Gage Float Gage

Runs 26 to 101 inclusive C.50608 3.2197
102 to 126 inclusive 5666 302246
127 to 158 inclusive «6526 32213



0
Column 3 - Welr Tailwater Gage, Change Durinfg Run, Ft. Rise + Fall - -

To avoid clogzing of the piezometers in the model a screen was placed
in the outlet to the weir tailwater box; During the course of a rum,
material would collect on this screen and cause pondage. To correct
for this pondage, a float gage was established and read at regﬁlar
irtervals duringz a run.

Column 4 - VWeir Tailvater Gage, Ccrrection Due Tc Poncdage, C. F. 3. -

Fraom the measurenent of the area of the tailwater box and the rise in
the water surface, the amount of pondage was computed for each run,
which, in each case, was of ten minutes duration. The horizontal di-
mensions of tihe tank twrere 7.55 feet by 10.04 feét so that for a changze
in elevation of one foot during a run a ccrrectioq of 0.13 c. f. 8.
vias madeo, .

Column 5 - Reservoir Elevation, Model Reservoir Elevation, Ft. -

The elevation of the water surface in the reservoir was measured by a
hook gage mounted near the tank and connected by a 3/4-inch hose to
the bottom of the tanx. The gage itself was mounted on a staff vitﬁ
holes at regular intervals vertically, making it possible to measure
a wide range of elevation.

The datum of the model was assumed to be the datum of the
prototype divided by the thooretical scale ratio of the model; i. e.,
elevation 2600 on the prototype would bec 2600/24 or olevation 130.0
on the model. Tho elecvations of the hook gago vhen set at zoero and
clamped to tho staff at various heights wcreo:

9



Hole 6 Xlevution 110,932 Hole 4 Elevation 107,133
Hole 5 Tleovation 109.C35 Hole 3 Xlevation 105.231

Colunn 6 - Reservoir Zievation, Change Iuring Run, Feet -

Rise + Fall -
Surges in the model r.ade it impossibdle to maintain a constant reser-
voir elevation throushout a run. That condition necessitated a cor-
rection for chanze in pondage.
Column 7 - Reservoir Elevation, Correction Due To Pondagé, Ce Fo So -

idec Yam
The tank used as a reservoir contained the model of the Jﬁnunpintake

tower and the reservoi:r was irregular in shane., To correct for the
change in nondage, 2 reservoir drawdown curve was made from a topo-
graphic survey.

Column 8 - Observed Quantity Corrected For Pohdase, liodel, C, F. S. -

The correction is made by adding algehraicall& columns 2, 4 and 7.

Column 9 - Difference in Pressure Head Between Zntrance and Throat,

~ 2
(ha - hp).
The standard Venturi equation was used in the analysis of the experi-

mental data. This cquction is

C aa ib \/(ha - hp) 28
Q= (2)

2 .
Va2 -

entranrce cross-scctional area

1]

where Ag
4p - throat crcss-sectional area
= pressure head at ..

N
-a

10



hy = pressure head at A,
g = acceleration due to gravity
(32,145 at Ft. Collins latoratory)

C = experimental coefficient

A
. a A (26)°

Equating I =T (3)
‘ (Aaz - Ab )2

I

(4)

[}
Q
=
g
]
o

Equﬁation (2) becomes Q
The difference in pressure heads (ha - hb) was observeé by means

of a differential micrometer hook gage arrangerent illustra2ted on
Plate Ro

Colum 10 - (hg - hb)% ~ The results of the tests were plotted q

against (ha - hb) on logarithmic paper. The resulting plot was a
straiznt line wi%th a slope of n = C.5 which checked the assumption
that, with both measuring sections flowing full, the law of flow
was that of the Venturi meter.

Column 11 - Camputed Quantity, Q, — After it was determined that the

exponent of the difference in head was 0.5, the squarc root was com-
puted for each run. Using thc observed quantity o in column 8 and
the (hyg - hb)% in colwm 10, the value of (CK) was computed for each-
ru., The avecraze of these values i7@as then used in obtaining a com-
puted quantity Q..

Columns 12 and 13 - (0 - Q¢ ) and Per Cent of Deviation -, To de-

terninz the consistency of the observed data the difference betiteen

11



the observed quantity and the computed quantity was determined and
the per cent of deviation was obtained by dividing the difference by
the observed cuantity.

Colurms 14 and 15 - Gdtes and Gate Cpenings - The conirol works in

Tunnel No. 1 at the Cwyhee develomment will consist of four Stoney
getes each 4'-2" wide by 12' high with suitable contirol mechanism

for lifting. These gates were duplicated in detail in the model and
the gate-lifting mechaniam was duplicated by using 1/4-inch brass
rods with twenty threads to the inch, with thumb-screws on the top

to regulate the gate owening. The ariount of gate onening was record-
ed in the model datz in teriis of number of turns of the thumb-screw
but for convenience in applying the data to either the model or pro-
totype this data was convertocd to percentagc of gate onmening 2nd is

so recordecd in Table iloe 1l.



vISCIAWNE Cr OWYHI.E TUN EL VLIPURI LETER

(Venturi .iieter Conditions with both seetion: iull.)

.aBLE 2.

caa L E

I} CUBIC FEET ILR SZCCLD 3Y T:L FOR.ULA, Q=1239.44 (n -

2

&

- vo00] V.01] u.0 veO3| 0.04]| 0.05({ C.06( C.07 L.C3
0.0 | 000 | 124 | 175 | 215 | 248 277 304 | 3«8 oz
0.1 | 392 | 411 | 429 | 447 454 | 480 | 496 | 511 540
0.2 | 554 | 568 | 581 | 594 | 607 620 632 | 644 667
0.3 | 679 | 690 701 712 723 | 733 | 744 | 754 774
0.4 | 784 | 794 | 803 | €13 | €22 | 831 | 841 | 850 868
0.5 [ 876 | 885 | 854 | 902 | 911 | 919 | 927 936 962
0.6 | 960 968 976 984 | 992 999 (1007 {1014 1030
0.7 11037 |1044 |1052 {1059 |1066 |1073 |1081 |1088 1102
0.8 11109 |1115 1122 }1129 |1136 |1143 [1149 |1156 1169
0.9 1176 [1182 {1189 [11956 |1202 [1208 [1214 [1221 1233
1.0 |1839 (1246 [1252 (1258 [1264 [1270 [1276 [1282 1294
1.1 {1300 [1306 |1312 (1318 (1323 |1329 (1335 |[1341 1352
1.2 [1358 (1364 [1369 (1375 |1380 |1386 |1391 [1397 1408
1.3 1413 (1419 (1424 1429 [1435 [1440 [1445 |1451 1461
1.4 11467 11472 |1477 1482 [1487 |1493 |1498 |1503 1513
1.5 |15818 |1523 156528 |1633 [1538 |1543 |1548 [1553 1563
1.6 ]1668 [1573 |1678 |1582 |1587 |1592 1597 |1602 161l
1.7 |1616 [1621 |1626 |1630 |1635 |1640 [l1644 [1650 1658
1.8 1663 |1667 [1672 {1677 {1681 |1686 |1690 (1695 1704
1.9 11708 (1713 |1717 (1722 |1726 |1731 [1735 [1740 1748
2.0 11763 1757 |1762 [1766 {1270 [1775 |1779 |1783 179¢
2.1 11796 [1800 |1805 |1809 1313 |1817 |1822 |1826 1834
2.2 11838 11843 ]1847 |1851 |1855 |1359 |1863 |1867 1lo76
2.3 ]1880 |1884 |1888 [1892 [1896 [1900 [1904 [1908 1916
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TRAITGFOE=IICE (F RIZGUTLTS FROM MCICL T) PROTOTYPE

fcble No. 2 :
Censidering Eyuatior. /4) on page 11 the value of K for the model can
te determined ry sunstituting the actual voliues of Ag, 4 and g in

“guation (3). In the case of the model

where Ay = 0.5G6€088 sq. ft.
and Ab = 0.255753 Sq. fto
L= DeBSLTRS x 0.06RUES » (2 x 32.143)8
V' i6.500088)2 -~ (0.255753)%
K = 2.228€1C
and since (77) = 2,21 ’see column 11, Table ifo. 1)
o - 2.21
BN
= 0,9614

[

:

In the case of tre prototyre f
vhere .. - (18)2, Ap ¢ r12)2 and & = 32,18 /(Cwyhee development )

,
(122 x (18)° = (2 x 32.1¢)%®

Vo (324)2 - (144)%
= 1269,207
Substituting the values for the prototype in Eguution 4, page 11:
Q- CE (h, -k if

C.9014 x 1283,207 (ha - hf‘)%

]

A
1239,44 (hy - hy)%®

i

Frem this formula the data in Table No. 2 wius comruted.

14



X2

Jenturi .eter COnditiona with F-xtrance Seotion Partially ’\1.11 and Throat Section Full)..

T 2 3| 4 | 5§ | 6 | 7 8 9 10 1) 12 13
[-elr “allwater cas Regervoir Elevat sodel Q |--levation Elevation|Depth inlArea in | Area in
Chenge [Correctior uodel |[Change Porreotionforrected]of ‘ater of Water|Entrance|Entrance| Throat
during | due to [:levation|during | due to for in Throat mtm Seotion, 50::105- 50:17103-
Run | .Quan. Run, Pondece, Run, Pondage, | Pondage, | . rance, s b,
0. |cefes. | Feet Cof.8. Feet Feet c.r.s? o.f?g. iy, Feet.| (hg-hy) |hg, Feet.|dq, Feet|Sq. Ft. [Sq. Ft.
50 | 0.6151 [ -0.001 | +0.C001 | 108.406 |-0.002 | +0.0002 0.6154 | c.55349 | 0.08113(0.63462 [0.70812 [0.53504 |0.255753
51 .5371| + 002 | - .0003 | 108.338 |- .001 | + .0001 .5369 .51036 .05877 | .56913 .64263 | .48556 | .255753
38 .1413| + .001 | - .0001 | 106.306 |+ .001 |- .0001 .1411 | .57105 .00409 | .57514 .64864 | .49010 | .255753
65 .2220 - - 108.326 |+ .002 | - .0002 .2218 .58042 .01028 | .59070 .66420 | .50186 | .255752
70 | .2832} + .001 | - .0001 | 108.314 - - .2831 .55773 .01631 | .57434 .64784 | .48949 | .255763
71 .3506 | + .001 | - .0001 | 108.307 [- .004 [+ .0004 .3509 .53692 .0£454 | .66146 .63496 | .47976 | .255753
72 .4173) + .004 | - .0005 |108.322 |- .002 |+ .0002 .4170 .53605 .03450 | .57055 .64405 | .48663 | .255753
73 .4964 | + .002 | - .0004 |108.331 |+ .001 |- .0001 .4959 | .52088 .04628 | .56916 .64266 | .48558 | .255753
74 .5626 | + .005 | - .0007 |108.341 |- .001 |+ .0001 .5620 | .s0872 .06196 | .57068 .64418 | .48673 | .255753
75 .6153 | + 002 | - .0003 }108.401 |- .001 |+ .0001 .6151 | .55338 .07816 | .63154 .70504 | .53271 | .255753
99 .4917 | + 002 | -..0003 |10e.316 |- .001 [+ .0001 .4915 | .50718 .04722 | .55441 .62791 | .47444 | .255753
100 .5249 | + .005 |- .0007 |108.328 |- .003 |+ .0003 .5346 .50301 .08578 | .55978 .63328 | .47849 | .255763
JABLE 10. 3-B_
_TRARSTEREMCE OF _u;ams FROM MODEL 70 ZROT c;’YP}:
1 2 3 4 5 6 7 8 9 10 1 12 13
2rototype Q Area in | Area in
Corrected Lntrenoce Throat
for Pondage, Seotion, Section, Q- Deviation |[No. of | Gates
Run Aq, 4y, : i Cates | Reiseq,
No. | G, c¢.f.s. | (hg-hyp) [Sq. Ft. Sq. Ft. '(h“-hh)i K c CK(hg-hp)* | Qp-Q0 Peroent [Used Percent
50 | 1687.8853 |[1.9250 |301.2498 |144.000 | 1.38746 [1314.9137 }0.9252 ]1690.6623 |- 2.7770| -0.2 411  [100.00
51 | 1472.5798 ]1.3546 |273.3905 [144.000 | 1.18093 {1358.7141 | -91768 |1486.9330 |-14.3532| -1,0 n 100.00
68 | - 367.0013 |0.0970 |275.9467 |144.000 | 0.31151 }1353.9350 | <9176 | 390.8490 |- 3.8477] -1.0 " 8.85
6y 608.3408 | ..2439 [282.5681 |144.000 .49389 |1342.3481 | -9176 | 614.3751 |- 6.0343| -1.0 " 15.42
70 776.4711 .3370 |275.603% |144.000 .62210 [1354.5681 | <9214 | 780.9086 |- 4.4375| -0.6 " 22.09
7 96%.4292 .5623 |270.1249 [144.000 .76307 |1365.1052 | +9239 | 965.3164 |- 2.8872| -0.3 " 31.69
72 | 1143.7247 .8186 |273.9930 |144.000 .90478 [1357.5685 | -9311 [1138.2664 |+ 5.4583 | +0.5 " ]41.68
73 | 1360.1272 [1.1456 [273.4018 [144.000 | 1.07035 |1358.6953 | 93563 11347.6808 [+12.4464 | +0.S " 58.35
74 | 1541.4227 |1.4703 |274.0493 |144.000 | 1.21254 {1357.4654 | -9%65 1525.3307 {+16.0920 | +l.1 " 100,00
75 | 1687.0624 |1.8546 |295.9375 [144.000 | 1.36184 [1316.6300 | -9409 D661.6096 [+26.4528 | +1.6 " 100.00
99 | 1346.0592 [1.1207 [267.1295 [144.00C | 1.05661 |1371.2587 | +9287 [1345.2838 |+ 2.8354 | +0.2 " 70.82
100 | 1466.2715 |1.3474 |26%v.4095 {144.000 | 1.16076 |1366.5473 | 9244 [469.96E6 [ 3.6911 | -0.3 n 79.20




IXPLANATICN OF SUMMARY OF DATA
OWYHEE TUNWEL VENTURI MSTER-FLUME
(Venturi Meter Condition with Entrance Section Partly Full and Throat

Section Full) Table No. Swt—

Columns 1 to 8 inclusive - See explanation of Table :io. 1l.

Colurns 9, 1C and 11 - Zlevation of Water in Throat of Model, hy, Feet -

l’odel Difference in Head, (hg - hyp), Feet - Elevation of Water in Zn-

trance of Model, hy, Feet _ The elevation of the water surface in the

entrance and throat piezometer sections of the model was measured by
the micrometer hoo gages shown in the photograph on Plate C. The
throat or hp gage was referred in elevation to the elevation of the
crest in the throat of the nmcdel, and, as each run was made, the cor-
rection factor between the Lg and h, gages was determined by closing
the tubes leading to the gage wells with pinch-cocks and opening the
connecting tute hetween the wells., This so-called "zeroing" of the
gages was necessary on practically every run as the :ange of the mi-
crometer scales was only cne inch. A steel tape on th; right-hand
side of tke gage apparatus was used to refer the h, gage to the throat
crest as it was necessary to raise or lower it for each run. From the
scale reading and micrcrmeter reading, the elevation head in the throat
was determined. With h; lmown, and the difference (hy - h,) determined

ty ohservation, the value of h, was found by subtraction,

16



Colurn 12 - Depul in dntrance Jection of liodel, d,, TFeet - 'The depth

of water in tiie entrance secivion of tie uiodel was obtained by adding
the elevation of the water in the entrance above tl.e tliroat crest and

the difference in elevation btetwieen the floor of the exntrance and the

floor of the throat.

folun 15 - Ared in Zntrance Gection, A,, Square Feet - The arca in

the entrance saction is thoe depth of water, da, (modcl) multiplied
by the width of tle section which was obtained by calipering,

Column 14 - ‘rea in Threat Socelon, \y, Square Teet - The nwodel area

in the throat scction was owteincd by multinlying the width by the

height of the sccetion,

17



TRANSFZIRZCZ CF RSGULTS TR0 MODZL TO PRUTCTYPE
CTYIZE TUNIEL VEITURI METER-FLBE
(Venturi Metér Condition with Entrance Section Partly Full and Throat
Section Full) Table No.,~8~B"

Column 1 - See explanation of Table io. 1.

Column 8 - Prototype Quantity, Qo, C.- Fe S« - The prototype Q was

determined by multiplying the observed model Q by n5/2, The value
of n was found by dividing the area of the throat on the prototype
by the area of the throat on the model and extracting the sgyyare
root of the result,

Column 3 - Prototype Difference in Head, (hgq - hp), Feet - The proto-

type (hg - hy) was found by multipw%ng the model (hg - hy), column 10,

Table No.if-.*, by the scale ratio, n,*! 23,7285,

Colum 4 - Area in Entrance Section of Prototype, da, SQe Ft. -

- - T .
The prototype area in thoe entrance section was found by multiplying
the model area by n2, (563.0417). ‘

Column 5 - sirea in Throat Section of Prototype, Ap, SqQe Fi. - The

prototype area in the throat section was found by multiplying the
model area by n® (563.0417).
i

Column 6 - (hg - hb)ﬁ' - The square root of (hg - hyp), colwm 3.

Column ? - K™ - In the case of both sections flowing full as in Table

No. 1, the value of "™ was a constant. In this case, however, due-to
Ag being a variable, "KW is a variable and must be camputed for each rum.

18



Colurn 8 - Coofiiciont of Dischargo, C - The observed quantity, Qo;

the square root of the difference in head and the value of "K" were
substituted in Equation 4 on paze 11 and a value ol C was determined
for each run. These were avera;ed ahd used to compute Q.. In this
case the value of C was 0.9267.

Column 9 - Prototype Computed Quantity, Qs, C. F. S. - The value of

Qe was found by substituting the values of C, VK and (hgq - hb)% in
Zquation 4 on page 1l. The data in this column was plotted on Plate
¥ which is fhe discharge diagram for the flow condition in the proto-
type when the tiroat section is flowing full and the entrance section
partly full.

Columns 10 to 13 inclusive - See explanation of columns 12 to 15 in-

clusive in Table ijo. 1

19
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TABLE 0. 4

(Venturi *lune Conditions)

1 2 3 4 [} 6 7 8 9 10 11 12 13
ilodel El. of El. of

: Pond  |Water in|(h,-h,) | Water in hy/ . L1.99 C from

Run |Quan. |Elev. Throat. Entrance hy a Computed|lurve a| Q, «-Q | Deviatior
No.[0.f.8.|Feet. | hy, Ft.| Ft. hg, Ft. ¢ ”late D 2
127 |0.5012/108.218| 0.222668|0.11419 | 0.43707 |0.7387 | 0.26821| 3.686 3.734 [0.5078{-0.0066 | -1.32
128} .5001{108.219| .32890] .11440| .43730 | .7384 | .26885| 3.669 3.735 | .5091({- .0090 ( -1.80
129) .5014/108.287| .34313| .10338| .44651 | .7685| .27748| 3.564 3.638 | .5118|- .0104 | -2.08
130| .5006/108.247| .392658| .07987| .47252 | .8310| .30362| 3+2562 3.310 | .5096|- .0089 | -1.78
131| .5003[108.273| .43991| .06290| .50881 | .8749| .33514} 2.944 3.001 | .5099|- .0096 | -1.92
132| .4019|108.153| .285238| .09409| .37947 | .7620| .21424)| 3.700 3.692 | .4010|+ .0009 | +0.22
133| .4025{108.156| .29003| .09266| .38269 | .7579| .21713| 3.656 2.675 | .4046|- .0021 | -0.52
134| .4020{108.154| .28766| .09297| .28063 | .7567| .21528| 3.683 3.681 | .4018|+ .0002 | +0.06
135| .4006]108.169| .32412| .07676| .39987 | .8106 | .23284| 3.394 3.435 | .4055|- .0049 | -1l.22
136| .4004[108.194| .37367| .05723| .43090 | .8672 | .26222| 3.012 3.061 | .4069 |- .0065 | -1.63
137| .4000}108.235| .43648| .04143| .47791 | .9133 | .30914| 2.552 2.618 | .4103|- .0103 | -2.57
138 | .3024]108.080| .23969] .07766| .31735 | .7663 ] .16123| 3.699 3.681 | .3009|+ .0015 | +0.50
139| .3026/108.081| .24185] .07651| .31836 | .7597| .16205| 3.683 3.668 | .3014(+ .0012 | +0.40
140} .3023/108.087| .25642| .06881| .32623 | .7884 | .16764 | 3.567 3.557 | .3023| .0000 0.00
141| .3013/108.104| .29140| .05407| .34547 | .8435| .18457 | 3.220 3.228 | .3021 (- .0008 | -0.27
142| .3049]/108.152| .36668| .03424| .39982 | .9144 | .23278 | 2.584 2.599 | .3067|- .0018 | -C.59
143| .3043]108.205| .43463| .02460| .45923 | .9464 | .29015| 2.069 2.110 | .3104}- .0061 | -2.00
144| .3035/108.241| .47840| .01957| .49797 | .9607 | .33003| 1.814 1.840 | .3079|- .0044 | -1.45
145| .2007|107.996| .18453]| .06097| .24560 | .7516 | .10720| 3.693 3.696 | .2009)- .0002 | -0.10
146 | .2007|107.998| .18882| .05842| .24724 | .7637 | .10841 | 3.652 3.604 | .2008|- .0001 | -0.06
147 | .2010|108.001 | .19657| .06415| .26072 | .7840 | .11084 | 3.677 3.5673 | .2008}+ .0002 | +0.10
148 | .1994|108.025| .24469| .03434| .27903 | .8769 | .13140 | 2.993 2.986 | .1989|+ .0005 | +0.25
149 .2000/108.085| .28703{ .o02440| .31143 | .9217 ] .15647( 2.521 | 2.503 | .1986|+ .0014 | +0.70
160| .2004]108.146 | .39477] .01262| .40739 | .9690 | .23984 | 1.648 1.667 | .2087 |- .0023 | -1.16
161] .09971107.898| .12170| .03688| .15858 | .7674| .05350 | 3676 3.639 | .0987|+ .0010 | +1.00
162| .0996/107.908| .13227| .03122| .16349 | .8090 | .05616 | 3.498 3.445 | .0981[+ .0015 | +1.51
153| .0991{107.918]| .15668| .02160| .17828 | .8788 | .06446 | 3.032 2,976 | .0973|+ .0018 | +1.82
184]| .0992{107.940| .19185| .01373| .20498 | .9330 | .08047 | 2.432 2,332 | .0951]+ .0041 | +4.13
156| .0987|107.994| .26528| .00714| .26242 | .9728 | .11918 ] 1.624 1.576 | .0958]|+ .0035 | +3.56
156| «6740|108.318| .38353| .13832| .58185 | .7360 | .35565 | 3.742 3.742 | .67486] .0000 0.00
157 | .1478[107.946| .16278| .04878 | .20153 | .7680 | .07832 | 3.782 3.675 | .1459|+ .0019 | +1.28
158| .0588|107.848| .09001] .02498| .11499 | .7820| .03210 | 3.613 3.581 | .0583|+ .00056 | +0.85
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OXPLANATICON CI' SURRARY 0"' DATA
FOR OTY:Iis VII'TURI HEIER-FLUITD
(Vbnturi ume COnd;tiona)
ABLE 3§

Columns 1 to 3 inclusive - See explanation of colums 1, 8 and 5 in

Table No. 1l.

Columns 4, 5 and 6 - See explanation of columns 10, 11 and 13 in
Table No. 3. |

Columns 7 and 8, hp/ha and hal°59 - An analysis of the observed data

showed that the law of flow through the measuring section of the flums
when it was partly full followed that of the flow over an ogee dam

crest when it is s;bmerged. Horton made such an assumption in his arn-
alysis of the discharge over submersed dams in the T, S. Depéftmant of

Waterways Experinients.* By plotting the data fram the runs with the

* 7. S. Paper 1io. 200, page 143.

\:\\ same degree of aubmergence on logarithmic paper, a straight line was

found which has a slope ratio of 1.59 which is the expament of hg
in the equation | |
Q= 0 W, bl
where C = an experimental coefficient dependent on the ratio of
éubmergence, hyp/hge
Wy, = width of the throat section
hg = elovation of the water surface in the entrance section
above the crest of the throat section

22
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Column 9 - Coefficient of Discharge, C (C@putedr) - From the value of

hal.59 in column & and the observed quantity in coluzmm 2, the coeffi-

cient of discharge was found by substituting in the formula:
c = Q
Wp hg*e

where Wy = 0,507 ft.

Column 10 - Coefficient of Discharge, C (From Curve) - Frcm the values

of hg/hy in column 7, the curve shown on Platé Q may be entered and
the coefficiont of discharge found.

Column 11 - Calculated Discharge, Q. - Fram the valuss of he™*®® in

column 8 and tho coefficient of discharge in column 10

Qc = 0 wb hul.59
where Wb = 0.507 )

Columns 12 and 13 - - Q. and Doviatien in Per Cent - See columns

12 and 13 in Tablo ¥Yo. 1.
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hy/hg

2 23.66%

> Q.74 1 0,76 1 0,78 | o080 ! o.9e | O0.84 0,86 | o.88 0,90 0,92 0,94 0,96 0,96
he hg 3.730 | 3,668 | 3.590 2.491| 3,380 | 3.252 | 3,316 } 2,962 | 2,790 | 2,526 | 2,221 —halid0.
0.6 0.44336 ++83938 | C.825644 | ©.80786 | 0.78660 | 0.76062| 0.73182| 0.70122| 0.66656| 0.62358| 0.656882) 0.49981| 0,41767| 0.3015¢
0e5 . 33217 .62817| .61773| .ocads | .58792 | .be92:| .54767| . .52477| .49883| .46666] .42524| .37404| .31257| -.22861
0.4 +23296 44066 | .43323| .4z402| .41232| .39921] .38410| .36803| .s49e4| .32728| .29823| .26232| .21921| .1682¢
0.3 14744 .27883| .27419|) .20836 | .26096 | .25B66] .24309| .23293| .z22142| .20714] .18675f .16602| .14874| .10017
0.2 .07735 .14634| .14390] .14084 | .13696 | .13260| .12758| .l2225| .1l621| .10871] .09905| .08713] .07281| .052%!
0.1 202570 .04861 ] .04780] .04678 | .04549 | .04405] .04:38] .04061]| .0386c] .03611] .oz291l .o2soal 02436l ,0374¢

O—M A -~I
o S Py CS T o DISCTARGI LS, TGR CUS T Yo s 4T BN =YL ST ioasuaatl:
b’”‘ . ‘h /I CO74 ° 0.76 C.7B C.BO O.Qa( 0L84 GLEG 0.88 \’:.90 0192 0._94 0-96 0498:‘
| he  |hgt® Ll - s06 { 2,759 | 2,90c | z.626 | 2,582 | 2.446 | 2,044 | 2,206 | 2084 | 2,600 | 1.67: | 3.096 | 1.008
14.2014 67.9527 2287.74:| £249.755] 2201.695) 2141.170| 2073.114}1 <54, 592 |1911.191 |1816.722 [2622.061[1548.695 |1562.245|1188. 509 821.831
11.8345 60.8521 1712.092| 165:.537) 1647.522| 1602, 365§ 1051.44902492.687 [143C. 272 |1550 0572 |1871.852|1159.0C1|1019,45¢ | £51.€16 615.050
9.4676 35.6633 | 1200.725} 116C.77¢] 1165.676|1125.767|1088.056}1046.72[1000.874 | Sui.457| 892.005| 812.6u2| 714.15:] 5°7.4C2 [431.366
7.1007 22,5720 759.35%| 747.313] 731.421] 711.258| ©88.630f 662.547| Cit. 56| O0l.4E5| 504.505| S14.442| LIL.4J1) 378,135 |270.016
4,7338 11,8453 396.850] 392.202) ©u3.863] 873.287] 361.40:] L27.Tee| 1.0 00| 816.730| Lu3.Evl] Lo..SLT| £07.4751 19B.445 |143.280
2.3669 3, 9350 132.488] 13c.280] 1:7.514) 120.984) 120.069] 115.508] 3le.oouf 20v.2€5f . -.cief o.C i 78.:77] 6u.vii3 | 47,008
~add
Model Prototrre_
Q= 0 uyg hettV? Wy o= 124,00 h. +nhgp
waere dp; = 04507 . wbu = 0.507"' a L2.06Y hgyy
W, _ 12.0 572
H B o e n .
A Wi 0.507 Q %
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TRATS OF RESULT3 FROM MODEL 70 P "PE -
et Flume Ooiditiond
The computed coofficiont of discharge "C® in column 9,

Tablo ilo. )\, waa plotted on Plate Q as tho ordinate and the ratio

‘of subtmprgence as tiio abscissa and a curve di:awn through tho points.

The dischargo Q in the modsl was camputed for differont

,ratios of submergonce and th: difforent values of hg. Thusc results

are shown in Tablo o, Swr, ]

Tho orie,:lnal plans for tho mo bl were made with a scale

: ratio of 1:24 but as wood was used for the construction tho expan-

sion of the modol duo to absorption o:t’ water changed tho scale ratio
alightlv.
In this case, where the throat was flowing partly full,

it was assumod that the iwidth of the throat would have thc major of-

'-fect and tho ratio of tho actual width of the throat in tho model to

that 1n the prototypo was talen as a scalo ratio; i. e.,

v - ‘ S T%%=zs.eee

~ With this valus of n: from the laws of hydraulic similitude

Q:m = 115/-2 :1
or Q = 2725.522 Q;
WoitWhom = 1 2 1
o Wy = 83.669 Wy
| hgthgp =0 21

or hy = 23.669 hyy

. ' 26



\ .
in which Q stenls for Cischarpe; W, the width of the tiroat section;

hg, the elevation o. the water surface in the entrance seciion above
the crest ol the tiaroat scction; and tiie subseript m indicates values
for the model.

The discharze data for the prototyre was computed by multi-
plying the values of hy in Table ilo.—b<iA Ly the scale ratio, n, and
the discharge gquantities were computed b multiplyins tie :odel avan-
tities by n%/2, The prototype data is recorded in Tatle No. <5-Bs

With the hg, Q and W, known, the value of C was computed
and plotted on Plate Y,

The dischérre diagv;fam, Plate-T, was ploited using the values

of hg, hy/hg and Q in Table o, B~B,

a7
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