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~ISIOPSIS 

A portion of the water stored in the 0vo,hee Reservoir ~vill 

be diverted through TunnelNo. l, thence through TurnlelLl~o. 5 and in- 

to a high-line irrigation distribution system for use in the Snake 

River Valley. To measure the discharge t~hrough Tu~unel No. 1 with 

various elevations of the reservolr, a measuring device has been built 

into the regulating headworks near!the intake. This device, while 

neither strictly a Venturi meter nor a V~enturi ~flume, has ~character- 

istics of both and will have the flow conditions of either depending 

upon the elevation of the water surface intthe reservoir, the amount 

el ° gate opening and the quantity of discharg6. 

As a means of determi~iing the~ilaws of flow for ~the measur- 
% 

ing device and tb obtain data for construction of discharge diagrams 

and tables, hydraulic model tests ~.~ere made by the U. S. iBureau of ~ 

Reclamation in the hydraulic laboratory of the Colorado Agricultural 

College, Fort Collins, Colorado. 

The discharge data obtained ~from the model was applied ito 

the prototype by the laws of hydraulic similitude as outlined by 

Chick. $ 

Transference Equations, Alton C. Chick, Freeman,si~,Hydraulic 
Laboratory Practice,- page 799. 
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DESCRIPTION OF MODEL 

The model of the 0w'~hee flume was constructed,of redwood 

on a theoretical scale ratio of 1 to 24:wlth apyralin 'top extending 

six inches upstream snd downstream, from the throat or control •sec- 

tion (see Plato A). The meter and the appro~oh conditions wore ~u- 

plicated in the model but only about forty feet of the discharge 

tunnel was used. A control box vrdslbuilt at the~nd of this :short 

section of tunnel to give the flow conditions in the tunnel. 

The model was placed near the bottam era ~tank that served 

as a reservoir and the elevation of the water in thi's tank~was ~e- 

terminod by means ofa hook gage. A 90-degree V-notch weir was used 

to measure the quantity. The piezomotor rings for determining the 

difference in head between the entrance section and throat :section 

were placed as in the prototype except that the ring at the ~throat 

was placed 1/4=inch upstream (1/2 ;foot onthe prototype)~so that the 

openings would not occur at a corner.. 'There were ~welve openings 

at the upstream ring..' and nine at the control section, all equally 

spaced in top, bottom and sides. 

During the first twenty-five runs piezometer-tubes were 

used to determine the difference in-pressure head between ~the on- 

trance and throat sections. With this sot-up it ~s necessary to 

estimate the thousandths of u foot. For low discharges the differ- 

ence in head ~was less than a thousandth of a foot so that it was 

necessary to install a more sccurate measuring device. The piezam- 

2 



PLATE B 

CLOSEUP OF MODEL SHOWING GATE CONTROL 
MECHANISM AND PEIZOMETER CONNECTIONS 

'iO 

SlOE VIEW OF MODEL AFTER INSTALLATION 

=0 
SIDE VIEW OF MODEL AFTER INSTALLATION 

SHOWING TAILWATER CONTROL BOX 

M O D E L  OF O W Y H E E  V E N T U R I  M E T E R - F L U M E  
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eter rlngs ',:were, therefore, ~.connecte'd ~to cylindrical '.w~lis ,~and .~ml- 
o 

crometer hook gages,, graduate~ to .thousandths .~of ~-an .inch, were used 

ms illustrated :on Plate'~C. :~ 

CONDITI0~S OF LVlDW ." Z 

The '~flow in ,the ~entur~i :meter~flume ~,~ms ..divided .~into ~hree 

conditions, each ofwhich requlre'd'a,dffferent analysis. .Thesei~hree ': 

conditions were : .- 

(I) The meter,flume .was ,oPerating as a Ventttri m0ter.u~ith ..both ' 
• . .L 

~he e n t r a n c e  and tba-oat  " s e c t i o n s  : f l o w i n g  ifu2Ll. :The :st'andarit '.,¥enturi 

formula was used in the analysis,of :,the ,data for .this ,.condition. ~ * , 

(~) The me~er-flume :was 'operating ~as a 'Ventur~i meter ,witlu--51the ' 

entrance section flowing par.tly ;;full-and !throat '.section .was .flowing --;,; 

full. The standar~ ,Venturi ,~formula.awas :.used :!in ~.t~s case with,i:,~he . . . . .  

s u b s t  i t u t i o n  o f  : the ,  a c t u a l  : ~ a t o r  m~e~ :~it ".}he ~o, n t r a ~ c e  ! p i e z ~ t g r  

cross-sectlon and the cross,sectional~aroa -of the me~er'~at -.the :tb~oat; 

(3) The meter-flume :was-operating.~s .~a.~.Vontur~i.. :meas~ing.,. :flume 
Z)' 

L#Ith :both &he entrance and ~thr.oat, sections',/fiowing ~par~ly :i~ll..:In o 
,f . ~ - 

!the .analysis of .this :.data, -:.tge ,:formula ;for-dlscharge 'over ~:a ~eir was 

used with +..he correction ~ duo :;to ~suhmergence includ0d !in ithe ,.cooTfi- 

clent. "c" which :-is a ~ariable ,depoNent ,upon :.the percentage ~.of ,sub- 

mergence,,, . hb/h~. .' 
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PLATE C 

MODEL DURING CONSTRUCTION MICROMETER HOOK GAGES AND WELLS 

COMPLETE ASSEMBLY OF MODEL BEFORE INSTALLATION 

M O D E L  OF O W Y H E E  V E N T U R I  M E T E R - F L U M E  
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RE SULTS AND ' CONCLUSI 0NS ~ \  

% 
The action of the model ~ras satisfactory~except whenthe 

discharge condition changes :fr~n that of a ~enturl ~m0ter :to that of 

a Venturi flume. As the water ~breaks free fromlthe throat-section 

a disturbance is set up which:affects the gage:reading at the throat. 

However, this condition prevnils only over a slightrange :in flow 

and can probably be remedied by a slight:change in the contr01gate 

settings. 

The gate openings have au•influence on the:dischargo:coef- 

ficient both when t~e meter is flowing fulland flowing partly:full. 

.Is a result, it is recc~uended:thatall gates/shouldbe~operatedto- 

gether; i. 0-, all raised or lowered ~the same amount. ;Several runs 

were madewith different gate combinations an~all~showed a marked ~ 

deviation in the coefficient of discharge. These runs are not :shown 

in the summary of data for that reason. 

The elevation of the water fin the discharge tunnel i had no 

effect on the discharge coe fficient~o r the condition where the me- 

ter was flowing full, but it did have a decide~effect:when the 

throat was flowing free. 

As the coefficient of ~flow ;in the tunnel cannot be ::fore- 

Cr 

cast and as it will be subject to change with years of'usage, the 

derivation of the discharge data for the condition of the meter 

acting as a Venturi flume was made in terms to eliminate :that vari- 

able. A wide variation of tailwater conditionswas made in the 
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model Lto obtain is ~ido variation of the ratlo of~submergence. In 

turn, the ratio of submergence was~relate~ toiheelevation head 

h a In the entrancesection. 

Several runs were made wit~the :same~:discharge ~but differ- 

ent reservoir elevntions but no effect was Tound in ~the coefficient 

of the meter due to that variable. 

At thebeginning of the e~eriments, an,air-pocket formed 

below the throat section and :extended downstream~eb0ut twenty "feet 

(prototype) for high flows and reservoir :elevation ~2600 +. To e lira- 

inate that condition, vents were installed in :the top of ithe model 

eight feet and twenty feet (prototype) ~dovrnstream :~from~the throat _ ~ 
• f ~ ; .. %~ ~ 

section. T~e vents eliminated ,the~air pockets :!and were in~0peration )! 

throughout the tests. 

Two separate ~ sets of gages will be :needed :to:record t11e 

heads at the entrance and throat sections; (i)a differential g~ge " 

to record the difference in pressure :head (h s -hb)~between the en- 

trance and throat piezometer sections :when ,the:meter~is acting:tas 

s Venturi meter:and (2) a set of float gages :to record~ithe elevation 

head at the entrance and throat q~iezameter sections ~when :the meter 

is acting as a Venturi flume. 

~5 
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ACI3~OWLED~NTS 

The ex-perin.~ents on theDwyhee ~VenturiV~ieter-Fluzne 'were con- 
:. 

ducted in the hydratulic laboratory at the Colorado Agricultural ~C01- 

lege, Fort Collins, Colorado, by ithe !permission of the Colorado ~ g r i -  

cultural College and the staff of the U. S. Bureau of Agricultural 

Engineeriug. • 

The model was built and installed and the first experiments 

performed by Ym. ~/alter H. ~Prico, Junior Engineer, under the super- 

vision of the writer. 
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'EXPLA!&'.TION OF ]S~,~,~Ry: 0FII~ATA .FOR ' 

0 ~  TUNNI<L ~.V"~ITURI : } ,~ .~ - : ,FLUME 

(Venturi Mcter Conditions With :Both'Sections FOATI) 

f~"  " : " 

T 

Table NO'. ;l 

-'-Lll t h e  d a t a ~ i b o t h : r e c o r d e d  and c~LmPute d / 2 "  i s  st~rJrnarized i n  
. / /  : 

/ /  

•able No. i. 'The . s i g n i f i c a n c e  of each column and ~the:methods ~em~- 
I/ 

p l o y e d  In  t h e - d e r i v a t i o n . ~ o f  t h e  da~a therein is explained !in :the :~ol- 
//?... /1} f ~ .. 

lowing as a general guide: .... 

C o l ~  1 - Run Number .Each rtm o f  t h e  t e s t  ~ras:g iven  a number-iwhich 
g., 

usus.1&y..._ is chronological in nature except :in ~cases where/it was nec- 

essary . to  ~ k e  re-runs. ~ 

Column 2 .-  ( ~ u a ~ t i t y ,  P • f . . .  s ;  .... .The~.flm7 .:of . w a t e r  ~into ! the  ';mOdel was .... 

measu~eld by a 90-degree 'V2~stch weir, :the formula for ~which :is 

Q= c H 5/2 .(z) 

:!i 

w h e r e .  C:. = 2.4972 

The head on ~the ~eir was:measured:by :a :float gage and~s 

hook gage and the:results from :the two gages were averaged!after a 

correction facto r ~for&each was :applied. :The correction:factors 

were 

Runs 26to i01 inclusive 

102 to 126 inclusive 

127 to 158 inciusive 

Hook Gage 

0.5608 

.5666 
O 

• 6526 

FloatGage 

3.2197 

~.2246 

3.2213 

8" I"~ 
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Colunm 3 - Weir ~ilwater Ga~e~ Chanse Durin~ Run~ Ft. ~Rise +)Fall - - 

To avoid clogging ~ of the piezcmeters in the model a screen was placed 

in the outlet to thewelr tailwater box. During the course~6f a run, 

material would collect on this screen and ~cause ~pondage. :~To :correct 

for this pondage, ~a float gage was :established and read,at regular 

intervals during a run. ilJ 

Colu~n.~ 4 -Weir .T.ailwater Gage~ Correction!Due To Pondage, C. F. S.- 

From the measurement of the area of the tailwater ~box and :the rise :in 

the water surface, the amount of pondage was computed for eachrun, 

which, in each case, was of ten minutes/duration. ~Tho horizontal di- 

mensions of the tank were 7.55 feet by !10.04 Teet •so ~that for a :change 

in elevation of one foot during a run a correction of 0.13 c. f. s. 

was mado. 

Column 5 - Reservoir Elevation i ~Model Reservoir ~Elevatlon~ Ft. - 

The elevation of the water surface in the reservoir was ~ measured by a 

hook gage mounted near the tank~a~d connected by az3/4-inch hose ito 

the bottom of the tank. The gage itself wasmounted on a staff with 

holes at regular intervals vertically, maklng it possible to measure 

a wide range of elevation. 

The datum~of themodel was assumed :to be :the datum of the 

prototype divided by the ~thcoretical scale ratio iof the model; i. e., 

elevation 2600 on the prototype would:be 2600/24 or elevation 130.0 

on the model. The elevations of the hook ~ge when set at zero and 

clarrped to ~tho .4tall at various heights wore: 

9 
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Hole 6 Elevation ii0.93~. •Hole 4 Elevation~107..133 " 
C 

Hole 5 Elevation ~i09 .C35 :Hole :3 ~levatlon i05~231 

Column 6 - Reservoir Elg_v~tion ~ Change During Run~ Feet • 

Rise + i Fall - 

Surges in the model:made it impossible to maintaln a constant ~res6r- 

vcir elevation !,throughout a •run. That condition'necessitat6d a cot- 
. : "/ 

re~tlon for change in pondage.~ 

Column V - Reservoir Elevation T :Con'ection~Due :To P~ondage, C. ~F. 3. - 

The tank used a.q a reservoir contained the model~ofthe=Hoover intake 

tower and :the'reservoir was irregular <in shape. To correct for the 

:[] change in pondage, :~ reservoir drawdo.-nu ctuNve was made fl.em a topo' 

graphic ~survey. < 

Column 8 - Observed Quantity: Corrected For ~Pondage ~. ]dodel, C. !F. ~S. - 

The correction is made by<addingalgebraicallycolumns 2,."4 and ~7' • 

Column 9--Difference in Pzessure Head Between~Entrance and Throat, 

0 

(h a - hb). 

The standard :~/entua-i equation was-used-in the :analysis :of~the.:experi_ 

mental data. This oquntion is 

C Am ~Ib ~(ha-- hb) 12g 

- .  1' 2 2 (2) 
- A b 

where Aa = entrnzce cross-sectional area 

A b = tkroat cross-section'~rea 

-a -- pressure head at ~ <<~ 
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O 

h b = pressure head at A b 

g = acceleration due to gravity , ~  

(32.145 at Ft. Collins laboratory) ~~,~ 

C = experimental coefficient 

Equating I~ = (3) 

Equation (2) becomes Q = C K(h a - hb)~ (4) 

The difference in pressure heads (ha~-hb) was observed by means 

of a differential micrometer hook gage arrangement illustrated on 

Plate C. 

Column lO - (h a - hb)½ - The resultsof~the tests were plotted Q 

against (h a - hb) on logarithmie~paper. The resulting pl0t~was a 

straight line with a slope of n = 0,5 which checked 2he assumption 

that, with both measuring sections flowing 1~/ll, the law of flow 

was that of the Venturi meter. 

Colt~rm ll- Cmmputed Quantity, Qc -After ~it was determined that the 

exponent of the difference in head was 0.5, the square root was com- 

puted for e~ch rim. Using the observed!quantity ,QolincoltmmB and 

the (h a - hb)~ in coluam 10, the value of (~[) was computed~for each 

run. The average of these values ~Tas then used in obtaining acom- 

putedquantity Qc- 

Columns 12 and 13 - (Qo - Qc )and Per Cent of Deviation - To de- 

termine the consistency of the observed data the difference botueen 



0 

0 

/ ,  Y 

J 

the observed ;quantity and ;the,compute~ quantltywaoLdetermlne~'and 

the :per cent of deviation was obtaine~ by dlvidlng:the difference by 

the observed quantlty~ 

Columns 14 an~d 15 - Gates andGate Openings - The ~control works ~in 

Tu~mel No. 1 at the C~rhee development ~ill consist of four Stoney 

gates each 4'-9. wide by ~12' hlgh v~ith suitable control mechanism 

for lifting. These gates were: duplicated:,in~Ldetail in the model and 

the gate-liftin~ m~chanism was duplicated by .using ~l/4-inch brass 

rods with twenty threads to the ,inch, with<thumb-screws on the top 

to regulate 'the gate opening. The am.ount of gate opening was record- 

Z 
ed in the model data in terms of nt~nber of turns of,. the \thin.b-screw 

b u t  f o r  c o n v e n i e n c e  i n  a p p l y i n g  t h e  d a t a  t o  e i t h e r  ' . the .mode l  or : p r o -  

totype this, data was converted!to percentage of gate .opening and :is 

so recorded in Table ~[o. LI. 
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TR~,oFS~RM~C,~ 0F R2SULTS ~-T~. OM MODEL T0:PROTOTYPE 
• ° , .  

T a l ~ l d " : l ; l ' o . . ' 2  . . . .  - '~ '  • • • , . b  
° °  , , #  

Considering Equation (4) on page)ll the value :of K for the model-:can 

be determined by substitu~ing~the actual values of,Aa, A b and~g in 

Equation (3). In the case of the model 

where A a = 0,566088 sq. ~ft. 

and A b = 0,255753 sq. ft. 

K = 0,25.9.753 x 0.5660a8'.~: (2 x 32.145)½ 

.V (0.566088) 2 - :(0.~55753) 2 

K = . : : 2 ; 2 ~ 8 6 1 9  

and since = 2.21 ~see col,mnn ii, Table;No.':l) 

C = 2.21 
![ 

=' 0.9614. 

In the case of the prototype 

where A a ~ (18) 2, l b :: {12) 2 and g =."32.16 (0wyhee~development) 

K = (12) 2 x:(la~'2.x (2.~x 32:16)-g 

Y (32,$) 2 _ "(144i2 

= 1289~207 

Substituting the values for the prototype !in Equation 4, page.:.ll: 

' 1  

CK hb)  

= Co9614 x 1289,207 (ha- hb){ 

= 1239°~4 (h a - hb)½ 

From this for~:ula the data in Table No. : 2  was computed. 

14 
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:~ EXPLANATION "OF ~,: SU~RY ~ OF ~ DATA 
. .~. 

(Venturi Meter 'Condition :iwithl Entrance ~Sec.tionL~Partly~.Full~and~Throat 

~Section .,Full) L.Table~Ho. :3-A 

Columns I to ~ 8 ~ inclusive- -:-See :explanation ~of~Table LNo. ~!i...- . L O 

Columns 9 t~0. and:ill .... ;Elevationsof ~Water ?in i'Throat ,:oT2.Model r '-hb ~ ~Feet :,~' ' : 

I~odel Di fference ~ in Head, i ( ha ~- i'~hb ), ;;,Feet. _ Elevation i:idf ~ Wa~er .{in~:~-. :: 

trance .of N.odel ,  ha,  ..~Feet . _  i T h e  ' , - e levat ion  of:the~: .water ~,'sm~face i in':~he 

entrance and !throat piezameter- sect~ions ~ of !the ~ ~odel-~.was :measured ?b~: 

the micr ometer hook gages .shown ;in : the ~ phot6graph ~.on~late 'C,~ ~Th~ o 

throat or hb Lgage was ~referred ~In:-elevation qto ~the elevation .of ~the 

crest in the throat of:i.the:model,.~an.d,, as,~eaeh:run~was .ma~de, :,ths i:6or- " 

rection factor between-~the;ha and!h b gages~was~determined byL. Closing 

the tubes leading ::to the gauge ~wells-with ~ pinch-cocks ~'and opening "..the 

connecting tube between the~wells. .This so-called,~-zeroing,,~of ~.~the 
J• 

gages was ne cessary on :*pract ically; every~ run ~ as ,the range .:of .the ~ mi- 

crometer scales was only one inch. A~.steel tape::on,.~the right_hand 

side of :the gage apparatus was~ used ~:to refer ~the ~h b ,gage .to ~the ~th2oat 

crest as it was necessary tto -raise ,or lower iit :~for ~,each-~run. ?From i the 

scale reading and:micrometer reading, ~the ~elevation :head .in,the ~.~throat 

was determined. With hb known,, anti-.the, dlfferenae ~ (h a - ~hb, ) ~determined 

by observation, the k,value of h a was found-by subtraction. 

@ lo 



r 

Column 12 - Depth in JF~utrance Se ct ion ~: of: Model, ~d a, ! Feet ~- r~The :~depth 

of water in the entrance ~sect i~on~of ;the: model was ~obtained !by adding 

the elevation of-the water/~in the entrance ~above'the throat~crest and 

the difference inelevation between the .floor of the ontrance~and~the 

floor of the throat. 

Column 13 - Area in Entrance :Section, ~Aa, i Squar~e iiFeet .... The ~aroa ~in 

the entrance section is the depth of water, da, i(model)~multiplied ~ :, 

by the width of the section~whichLwas:obtained:ty:callpering. 

Column 14 - /~ea in T.hroat Section,-'kb,: Square TFeet -- LThe~model ~area ~ 
- -  . ,  , . • 

in th~ throat section was obtaincd'by~multlplying~h~'width,by ~the 

height of the section. 
, 



~ ':TY" 

0 

TRANSK-IR~.ICE, 0F'RESULTS :::F~0H: HODEL .TO :PROTOTYPE 

2 . . . .  

(Venturi ~.~ter Condition ~ wi%h Entrance .Section.iPar~ly T.Full and ~Throat ~ 

• Se ct ion ~,FulI)~ :Table No.. ZS-B 

Column i - See explanation of Table No. ~i. 

Column~ 2 . -  l : ~ o t o t y p e  , . Q u ~ ' ~ i t y ,  . ~ ,  TC..~F. ~S, ~- ..The p r o t o t y p e  Q w a s  
, , I !  

determlnedby multiplylng:,the observed: model ~Q "by n5/2' :The value 

o f  n ~ . s  fo~md,by  d i v i d i n g ~ t h e ,  a r e a  .of  i.the ~ t l ~ o a t  o n  i.the ' p r o t o t ~ l ~  

by the area of the throa% ~.on !the :mOdel and-:~extractingithe ;s~t~are 

root of the result_- 

Column 3 - Prototype Difference :~:in~Head, ~ (ha-, hb), Feet .... ~The ~proto- 

type (h a -hb) was fottud~by multiplying the:model (h a ,:hb) , -~cOlumn il0, 

Table No. 3-A, by th~ scale ratio, ~n ~ =23. 7285. 
.L 

Column 4 - Area in".~utrance'Section of'PrototYPe , ~,~Sq.~,Ft. - 
. . ., , ,. 

The prot otype area in :the ~entrance :<sect ion was '~Tound ':by multiplying 

the model area by n 2, (563.0417). 

Column 5 -,Area in 'i~nroat Sec%ion of~Prototype,:.&b,,S~.~,-The 

prototyp_e area in the-%hroatsection.wasfound~bymultiplying the 

model area by n 2 (563.0417). 

Column 6 - (ha - hb)~ -- The square root of (ha- hb), colmnn:3. 

Column 7 - "K" - In the case of both sections flowing full as in Table 

No. I, the value of "I~ was a constant. In this case, however, due ,%0 

A a being a variable, ,K ~ is a variable and must be computed for each ~run. 

18 



Cc 

/ ' k ' 

@ 

the square root of :the ~difference ~in •.head: an d:~:the ~,;v~ iue ~: Of ! " I ~  :,were 
i f 

substituted .,in ,~EquatiOn;~4' on =..~age )lli~and a :value .:of ~ C ~ was ,::determined ;_ 
J: 

for,::each run. ,Theses,were :averaged:and~;~usgdt~o;computgj~iQc. ~In Lthls ~ 

case .the value of.C-was~20.g26,t~ -..: " .- 

Column 9 - Prototype om~uted :;Quantity, ':;Qc, ~.C. ~i F. ~:S. Y-~!The \value ::Of " 
-- , - - - . . . _ . . . . .  

Qc was found :by substitutlng ~the ~vaiues: of,:,:c, ~K and ~, (h a --- hb)e~in 

Equation 4 on page ii. The'•!data ;:i n ~;this ,'column :was i~plotte'd;;on ,Plate 
- - .  , C ,  -, 

F which is the -discharge':'dlagram~for !:the ~flow.:condi~ion;:[n;~itheiproto- 

type when the throat section ' is ;flowing ~ ~ ~ ,and .the ~entrance  . : s ec t ion  

~l~a___~ full. ~ 

Columns iO to 13 ~ inclusive - See~:~exPlanatlon of coltmmsi:12~to.:IS:Lin- ~ 
& 

clusive~in Table_~lo. il 

. . . .  . . / L 

. • . • 

@ 
: l g  
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L. , 

- EXPLANATIOH i CF,II~-%I~:~L~qY. 0F DATA 

FOR 0,UYI..~r,_~ E~LBI "I:~.TER-FLU~,~ 

(Ven!!~uri ~ Flume : Condltlons) 

• - : .  . : ~ . : ~  . . . . .  

Columns i to 3 :inCluslve - See :explanat ion'~of coltmms ~i, :2 and :5 ~In 

Table No. i. 

Columns 4, 5 and6 -/See explanatianl of~-c~61umns ~i0, ~iI ~and~13 i in ~- ~' 

Table No.. 3. 

Columns 7 and 8,h~/ha~and;hal.59 "_ An analysis~of~the observed ~ data ~ 

showed that the~law~of flow~ through the measuring =section~ of the Tlume 

when it ~ was partly~full followed that :of ~ the flow over a~ii~ ogee dam 

crest when itlis submerged, i Horton~made:such an assumption!in~his~an_ ~ . . .  

alysis o£ the discharge over submerged~dams iinlthe U. !S. ~Department Lof 

Waterways Exper~,uents.~ By plotting :the Jdata~fromtthe runs with •the 

* W. S. Paper ?~o. 200, page"146. ~ 

same degree~ofsubmergence~on!ogarithmic~paper, astr~ight line,was 

found which has a slope ratio of~l~59~,which is ~theexponentof:ha 

in the equation 

where C-= an e~-~erimental coeff~cientdepen~ent~on~the~ratio<of 

submergence, hb/ha. 

W b = width of the tkroat section 

ha =.elevation o£ the water surface in:the entrance section 

above the crest of the throat section 

"4 
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t if 
Column 9 - Coefficient of;Discharge, :C :~(Computed) - ~From~:the £va, ue~ 

ha 1"59 in coltmm 8 and ~he,observed:Qua~titY,ln column 2, the~coeffi- 

cient of disclmrgo was,.found 'by ~:substltuting :fin ,the :formula: 

~Q 
c =  Wb 

where W b = 0.507 ft. ,: 

, 

,Column i0- Coefficient of Disehar.~e~ ;C ..(From ~curve) -i:From",the;values 

of ha/h b in column 7, the :curve ;,shown :~.on Plate iD'may :be <entered and 

the cbefficient of discharge found. 

--1.59 - Column ii-- Calculated Discharge, Qc --From the ~luos or,,n a • :in ~. 

column 8 and the coefficient-of.discharge ~in column 10 

Qc = . C ; W b  '.ha 1-59 
(f 

whereW b = 0.507 

Columns 12 and 13 - Qo:-Qc 

1 2  and 13 in Table :<o. i. 

//f./ 

,4•: .` iy ~ 

L 

/ 

biz i~,i, !~ . 
'land ::Deviation in ..Per, Cent .. See c o!..~.'ns, i' il~'~: 

g /  

f 

@ 

,'f 

(/ 
....... jl 
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TRA~SF~'C~ OF RESULTS FROH~MODEL TO PROTOTYPE 

The computed coefficient of discharge "C" in column 9, 

Table No. 4, was plotted on Plate Z as ,the ordinate and the ratio 

of submergence as the abscissa andes curve drawn through the P°ints" 

The discharge Q in the model was cam outed for different 

ratios of submergence and th~ different values of ~h a. Th~so ,results 

are shm~ in Table l~o. 5-A. 

The original plans for the model were madewlth a scale 

ratio of 1:24 but as wood was usedfor the construction the,expan- 

sion of the model duo to absorptionof water changed 2ho scale razio 

slightly. 

In this case, where the throat :was ~flowing ~artly)full, 

it was assumed tlmt the ~Tidth of the throat would ihave ~the :ma~or ef- 

fect and the ratio of the actual widthLof the ~hroat Inithemodel to 

that in the prototype was taken as a scale ratio; ~i. e., 

With this value oi' n. 

n = 
0.507 

12.000 
= 2 5 . 6 6 9  

from the laws of hydraulic similitude 

Q:~n = n 5/2 :i 

or Q 2725.5s2 % 

Wb:Wbm-- n : i 

o r W  b = 23.669 Wb m 

h a :ham = n : I 

or h a -- 28.669 ham 

r@ 
$6 
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in which Q stands for discharge; W~, ~the width'of :the thro:~t Sec~tion; 

ha, the elevation of the water surface in the entrance ~section above 

the crest of the tkro~t section; -ud~the ~subscript m indicates ..values 

for the model. ~ " ~ 

The discharge data Tot the pr0totype~was "computed by lmUlti- 

plying the values of h a in Table I~o. 5L~by ~tlle ~scale ratio, n, and 

the discharge quantities were computed by lmultiplying the model quan- 
IL 

titles by n5/2. The prototype data ~is recorde~ Lin Table No. 5-B. 

With the ha, Q and Wblknown, the lvaiue :of C~was I computed 

and plotted on Plate D. 

The discharge diagram, ~Plate E, was plo~ted ~using the values 

of ha, hb/h a and Q ~in Table i~o. J S,B. 
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