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Eq.Sbig AIMb 

foralal =w--Sfc tk8 ~;' i 

-blo" ht bed vatoiafee F * S. sadtd~eftW oamal*1 

-'Yz 

M rM 

UOAU~ Ina S IS the =*iMergince. and y. to the mialminlow d@.$h. 

nlow depth). Skcgeboo. Hyat. and Vglest= (17) we able to 

deelpa f==ri~a dlscbase fouuatgm for now~ 

flies. Also, they we able to owoa that their formulaL to quite 

formualaconsistent with thortical formuas. The experimnta 

( 1) ha* the form 

c I(AY) 

4(54 

w-'' ICndC- are constants, at the free nlow WqwDmeat. and 

siIth a mo flwepmn 

j7
 



- ~ pxacIc~1 win te esimshapego 

' qukw Mxuere S.A* be aa 

Ta"of i amWte lnne& t -eww _theat' £Iame exit to 

bigly ratof all. te free f[w case will b~e d~eimmm.A. 

L"re cslcuata correctin, wbher or x"t the controlsection 

reais- ati. ir nlpoiinms bet wylate by th argu 

fo octin h cuitiod sectio n preiousrly in h eto 

"Free fow dieare *" prcedre i8 to calculiate z by Eq. 35 

in order to deteminea which of the hre cases the. pwr~nlem belmm, 

nothsg that 0 for the maiam and mininm discargs atthe 

cizannl have to be used in Eq. 33. which i.. related to Eq. 35. Uf 

Qie analysis sbow tht the location ot the cotro section remaln 

ed.~ the correcton can be acc ~abed by the procedure 

decie beo. 

Inathe derivatio of Eq. 33. k1t independen of the tilted 

axe"*0 'IRMrv. it toremai to asme k remains the 

same for the case ofa tilted fbwe Setting z 0 nS egetn 

.k, coo be calIclated from Eq. 19 as 
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1/3 2/3 

k 2/3 13 2/3 (S 
30 - 2g W 

The noittd flumre dischArge form-aa is 

( OT31/ (S6) 

where C is the free flcr co*tie= for the non-tilted (horizacdal) 

flwne. Ccc-biz-irj Ecs. 5 an- 5c pges 

0(7)k 31 

-23c -

Using the &Ib:ce e;e t-h~e arg;=e= used i= 

devolopi=& Eqs. 2,: 2-. t-e C azl fc: t'-e ~d~flume 

dischArse f-1 ; s:~~ia 

C: .32.3;2 

M p3 2173 (59) 
2g cs~ 3CA~ -

Th=.. the theoret-.a: fcr-a fc-.-I -e :a~fl~e caz be 

procedi:re fcr --~eh czz ec-.s tz: '-e a; ~for 

flumes. the follcwir4 ge~.eraI for--.%:as for C a.~d ca,= be reas=a-b17 

used. 
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fixI '-nW"1os6 3C t/y~ 

CC mn(60) 
3~ cos 6 

221= I2Z Ix li 

M /2 in C I=(6t) 
Zg WC rcs"-.! 3C M 

At this siz=. I*. shcr_1' '--e -emcn.ed thAt Eqs. 6-0 aw 61 are 

valid fer t _e cast of flz=-es h.v-z :-.ea op'~ u settl­

me=.*). 1: 1S ala5 : wer.=.*zecat.C~I~v :~Za: :::ecLcoz 

mecoed can a:e fs: -.;se n _-f. fl-r 

Wheen *-:'. ez~ sec:aCc- ji.a ze: :e-'-e en'tane *-- abov 

Corec,=.ae n 7.5 -cm;- t :nd=,e .ine 

tre new:csa -- &a. a' z rs :ez 7.1.- s canc be 

beca.se c.f "r: ~ -e *'-e:ze Z-1aeec 

flow C=-.TectC=3 -.52~:sse 

already krc'u- dtz~sc] .arge th.e less cf hea-- can be 

evalazed as a f-=ctic= of the k~cv- constant I= ==ec-tilted 
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n1 

C = fAS t ) (I -S) (63) 

whore C and nI are the coefficiet and expo in the free flnw 

for-nla, S t is the transition srznergezce, ad fRS t is a function of 

St depending upcr the type of s b .merged flow form.L!a. When the 

emrgyr form of the s~bme:ged flowr fom: 1a us use4, f S0 j is 

tt 

fist) = _________ 

C. (64} 

and~ ~ - fr 7 ftefruai sd~ ~whntedmninlaayiaS 

&rud when the di z~iou.al a~aiytical foinm 17 of he formula is used. 

Cl 

ASt) = 4cK1dj 65) 

-e egardiui 

Eq. 63 for ca n t,c :-ahs-:cz s-...e:ge=ce. Bvth ".ze free flow 

and su ."erged fl - er-,a are n.c: er/e-:": :i e h.,d4:al call' 

ind *.he-. are c :=are za~~ e e af:tsas 

s c=.e e are 

Some discz-sic= shcsuld -w~ 11e apphcatiou C. 

Iong as -. e:.c a I- .= - s :.vcIed. re:e! o.e. z 

can.o be epecte- -'a:a perfect scutcn for *.!-e trans%:c= su-b­

mergence ca,= be cbta-.=ed .rcrr..E.c. - entt 

S=f~s - s " (66) 

Fig. 7 displays the characterisnXcs &f the solutioci to Eq. 63 where 

the solution of S is irside the case ci 

t 

F =C (67) 

http:z~iou.al
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Case I 

F-C 

St
 

Figure 7. 	 Fuctioca! relatonship for the 
transitioc submergence. 
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Since F is a function indepoeien & C. there are -" ree cases 

for the eoltion m- S t.t The solutio-ns are: i It no solutias as the 

cse I in Fig. 7; (2) only one soltion as shawn by case 2; and 

(3) more than one sol~ic= lgenera&ly t-wo as shon by case 3. 

When there are two soluio-s. t: is logical that ce of the solrvions 

is sufficiently close to te true s-zn=ergence since the 

discaarge s .hculd -:e :f cl o .eor boh .e 

solution is cbaimcA i i s asme d -c be ~~~i: m.rore 

tda one stn1u:icr. :s cbtaine. Jgrnenz ga.=e.-- frc= ~U. 

literature. expertemnce, or ex.eri.r.enia cbse.":a::..-s :s =e-.;red. 

However, the solu:o s g-ve sc.-e help -=e.e in-=.g the -.ans: ,." 

submergence. *Arhez "he=e :- .e.Q=ce:, :s .-c -av cally 

determL-, t---e ::si:-:- s .erge-ce, but a rater good est=ate 

in the lo'est poi-z case 3 g. 7 :s ---e -. ::i-sz:;o- sze'-re.ge=ce. 



r~~~z AT444AP&E4-WFLWAAT 

.is4barseFx** F~w 

44,w free*4,' flow'4 c4,iio -Wo ic ar e . b o* o 

f~n depnd onl the "ot. det.~ 17'. of .4w, 

icageeutos.tbefreee, flow, equatian 4 O 

flwlengh .th 

by a= arel9) sCbthth 

aupeiua inm hain au~ farge fe o icag 

e-lcwher Istedpho o ttegg '4 nteeb~c 

fromathe fllowingtequaio. -..-

C4. WI Z 0) 



4 444> 

I 

74. 

beingdspxarlemil.w 19). ram~ 

To btin the free.no dSdmiaa~it 4lqi frCIM exem- u~ 

C.an qpWJW ca abied by Yw"fltfl~thwrejawqnvti e 

=Wd or by,ploti 0 agalat B (orvb.)onw~the Uas mqure 


:1qs1110it1ct papsr. with ths11,]LI)"oth iagUnbegnr
 
i! i*i:!?i -:-: ' ! i' a .­4.-'iir -!! 
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dsp&h apefteam of the Buam. throat for say particular cma~u 

discharge. -w to -- plcdo -uh sbegd 4wi 

j44 * .4 4 4 '!ii! :... iii , .. ..4 !ii!ii4!l'!! i !~i:i:! ... 4 
water mesrnfumes by earlier Iuveotigatrs, but It ts very 
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impwtant fuom a practicad palit of view. 

To bta&i ubmgodfOwdscharge emUm ftrO 

*xiietatdautoI rather cazaplicated as compiared to dylpa 

the fr"e fLow discharge equnatio. in the frst:place the form af the 

,: ! ,
i~ 




na, 
J'1 

VWWPPWwanT W otefwzta b 

ma- icajeptm -hm eotleb 

lea eA5i55r5'5 '5th or S JM m ki 

mib tor.Wfau5eediusA5,h 

aia ote rt ,.lrerstnMso 

i*=o* , (5.adEgetn(I.wleu"i 

thsshy.n *scrwd belosweams ah mi. 

UXe ISmptbe(itabs involved in thn mlyatlcaof~o 

LOT~~~~ ~~g. y T2 S)-htg4~iaqt~i.~Iu s 

Mbereby &.gbeenead Nym~t a ithere (upstwr e aned down 

oths fla dept. espectbivl.Wihfv 

and,two . thre arole In 19)ewual pited~esi. pi-tehis esm Te 

dan"a.U1 asfra pazw.ia l a ewitn 

-r =y Y S 

aad~~nsim.tr ai plYez ecs74) ) Tep-txn (r 
axeehenas 513u 

http:5.adEgetn(I.wl


42
 

v2S Y2 

Figrire Z. Defiuic0 sketch --f subrnerted '-'10w : a 
i'lumre . 
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Figure 11. Develop-,*t. of -elaoc.s between A= irn 
flow depth. c a=ge -= -water surface eleratio. 
and discharge. 
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Ym M !T1 - y2) 176) 

where mI i%a certain co~tA-:a. The empirical equation resuitiag 

from FIg. ; (11) has the fOr.-.. 

j IkC- (77) 

where k a... are ccnsta-.ts for the particular ge nmetry u der
 

study. Ccmbin-ig Bqs. 7E a= 7
 

Q k Y Y2 3 (78) 

where 

m3 ""2
 

An approzi--ate s..ee flc- ditc.arge equAti= caz be 

obtained by ccnbiz=g Eqs. -

Q i 2 2 (79) 

where 

C1 =2 (Si) 

n k k =Z (821) 
01 M2 M W 

http:ccnsta-.ts
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2*08Ugsaera~fintothe s ameg~ disae desqrtit. 

v, be~.7,caberbe.asumavg 

Abts, the rak (FIg. RZ) can portray the free nlow dtscharge 

Notw, If C t set equl to erzo in Eq. 79. &e suisrged fow 

o~h~requatuo becmeu-~~~e 

(94 

fCa tb&"pmrticular-fnow h amo Eesil1 

isobaiedftowapb1oftbe free f11w &t Tb". in S. . the 

value aum cstib. 1et-nzid from a plot dthbe submewgedOfcv 

*Bo data~. This Cambe accmnplaewby determbizItb- dscharge-
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in ercept at Y, - Y2 = 1.0 by the y l recon~is hatba 

(y,- V2 is equal to one when yI - 3, = 1.0. Eq. 84 cin be reduced 

to 

C 1
 

C (65)
Byplt(-log S 

]BY P against -log S = logarithm:ic paper, a linear 

relationship will resuh whe:e Ci toze a.ue c 0 I at -log S = 1 

and n2 is the slc;e a! 0--e straig a. lire. A typical -eLtios.ship is 

show in Fig. 13. 
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Figure 13. 	 Typical relationship ! or distr"ibutio of 
subme rl~ece. 
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rains The cutn-o4 ms] .. c"beas 

twoold~b4it cv%9~'~ of IM. for,an iniia stuy an this 

4tolciyi ogemuetry.':Tbee is'a series 

-asdesr~nIn Wmw. 14. whith la been. 

Comrdo- taeUnfvozslty for us. In aoerstudy. The sixs and
 

A~r~nCMofthe arenetabulated in ig 14. The1ta siere
 

lengh.ierymadzia toL-,' a 12 ,flumes. Two sizes (threat 

-WtLW3hwec of tw OXLB lmngts w~oz seec far Oxis stody ~ 

"4MM Set.IMLI discharge ratigwihtw oo 

that tboe* to a Possibility to extend the result for whol series. The 4 

'4"z1.. and 2"1 1.51 lime six". where,the first hewbr cor­

rseoads to it -ben h-ra last wome to &C nza lengfll 

Thophmay~prpm ofteeprmia rga was t 

evalnate the chang In discharge rating at a flow measuring flume 

u m i ned b uo bh m f er i g s e d l fo ~wc p c o d i t i n t e S4 o 4 
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Poormtvr Tcp for hb , 

LeL 

B-W" L,: W,+L2 

Flume W L L2 L 
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Figure 14. A series of cut.throat .!-..esa-',zilab!e for exper.­
meat.! desig-. 
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study utilized, 4'feet wd by 
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- --- > - * ! .,:' -i'': 

1'1yuic i ..%+ etma std . lse th id b •e 

60..feeI 1mg reirculating flume located Un the Euie Realsearch 

Centerat Colorado,Seat University. 

The lanyout of the experimes"Ia redirculin fLume system ts 

show in E'tg I15. The roat Bisto be tested was set lastde 

tecr c....ig laboratory m.n. Water ,,o Pumped into the 

Miume system by a cetifugal pup through a discharge pipe into a 

hedbo located at the entance to the laboratory flume. Water~wa 

obtained from the large sump under the laboratory floor and pumped 

(Using a small pump) into the sump of the pump-dlscharge pipe­

ftume systm After a suitable volume o Water wsobtained for 

the recirculating system. the Wie gate coeti bte large Sump 

to the small sp could be clo.'w. The flow in the system could be 

adjusted with the valve in h discharge pipe-

At the en of the 4-foot iuboratory flume. there was a tank 

which received the falling water from the flume exit. The watter 

was discharged from the tunk through an orifice which wsused as 

a florwmasrn device. The dinenlos of this orifice are *hown 

in Fig. 15. The withofffe orifices controlled bya liding gate 
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~A 

nmiwi with asoketinaSi~cW e eid h ak 

wbi-hws - omectedy-emn te flxil tub possibl~et a 

loatd in the ofte ufJmAU water theazin frgStS 

again waa 

with...th ede fmhas thhigfor tiltamnumig Vfem serin ~ t 

nmiae. inohwllofuber sheet wa edihrgnbetwe n tadalOt 

orifie adopd the ios satthed thogwttsan feoorlfgautof paoe 

fl e-placed Inide tethe cthroa inuthrbe teswgte b4e 

tilted without leakage of water occurring. The downstream edge of 

the cauthroat fluewsspoted down fromn an overhead fram. 

attached to the 4-foot laboratory flue. A spidle was attached to 

the frame which allowed the downstream edge of the cutthroat flmne 

to be moved upward or dwnwar by turning the spindlne, thereby 

allowing various angles of Wt to be studied. The maximum drop of 

the furne exit was approxmirately 6 inches. 
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2=4Tt" b a
to~th 
b)­

a Insta*aulzd nte ta Toed 

tbram g~ da istotges Capaity at th system-

A talwater gatWs proided at the en of the 4ot1the
 

uW4bjusif -h blaster'et Inuordeur to iu iuu~ &aW
 

hn Tani the hydraulic tests. the cutthroat fi=n beig tested 

was set horlimlnally and a coustaut discharge was ra and reading* 

for th0entance Stilling Well, (b.) were read. Then. the bewa 

set at a particular predstertnined tilt ange. and the water surface 

elevation in both stillfn wells asread. along with the stiig well 

deviCe located in theassociated with th. free orifice flow measurin 

dowstream tank. Then, the flue was set at the predetermined 

sacoma til angle (tilt angle 2) and the stilling wells were again r*d. 

Nact, til angle 3 was &etand the three hook gages were again read. 

Thtas. the tafiwater gate was lowered In order to Increase the flow 

depth pteam and the stilling wells were read. Next, til angle 2 

-. set and readings taken- and tHum tilt angle 3 w act with hook 

Mae readings being collected. Again, the bdhlur gate is lowered 

and the &bow* proceduxa repeated. After data has.been collected for 

~OMW 
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high degrees of aincnerge:ce 4$reater than 95 percvex. a new dis­

charge is set and the proceure repeated,. 
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of slop. upo diffcharge. The discharge rato affected much more 

In the 4. 5-foot fmnes as compared with the I. Sw* 13 as. 

In ordr to obtain an oiste rmeasure anthe effect CC slope 

upon discharge, the results using the energy analyrsts mst be 

converted to flow dephs. This transfer requires a trial-and-error 

procedure. Usng the free flow equatice (Eq. 68) involvinx aow 

depth. h a the variation of the free now coeffildesd with flmn. floor 

slope Is bown in Figs. Z5 and 26. The free flow coeffident for the 

z" x 1. 5, s affected only slightly by slope. with a 10, $lope affecting 

the discharge by only 5%. For the 4" xl.5' flme, a 10% slope 

Increases the discharge by Z?%S In comparison. the 4. 5-foot lon, 

fluaes wIth a 10% slope show a 19% Increase in discharge. 

An analysis s made to determn-e the accuracy In using a 

small measuring flume as a mcdel to prelict the discharge rating 

for a larger. g.e uetrcaUy sindar flume. The model: prototme 

relationship was established for both free and suberged flow ac­

cording to the principles of dimmmislmal analysis for a Froude 

model. 
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of the dioag 

'y prowtaly- Was Predictedrm % xz'Moel fbne. aInY-uI 

-1t the actual 41 crated'dicharge o the prototype pdtiso 

In Table 3. The eis as lb.ie shown forae whe reth is 

both level and WUOL 

A similar comparison for free flow through thme IZ" x 4. 51 

prototype flue as predicted from the 4 zx 1.A51 model flume. ae 

with the actual calibratonm. is shown in Table 4. Tables 5 and 6 

show the comnparis ons carried ou for the submerged flow. 

The error between the calibrated discharge and the predicted 

discharge for the prototype flume has,been taken as positive where 

the predicted discharge is larger. Although for the free flow case 

the point of minimum error does not occur at any consisten upstrea 

energy, the error becomes increasingly positive with depth for both 

level and tilted flumes. The error also becones Increasingly 

positive with depth for the sIl nersed flow case. However, the error 

decreases with increased submergence. 

The scale effect study indicates the degree of error that mlgk 

be expecte when a model I. used to predict the actual prototype 

calibration plots. The error obtained indicates that a direct 

calibration of a flume should be made in order to obtain accurate 

results. If a model calibration is required, a field check of the 

prototype structure should also be undertaken to correct the rating. 
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SOMMAW!,, C(NCIMWINS AND RECGM DA CI 

A wery como problem encountered with water measuring 

Umnes located in unlined channels is the settlement of the down­

stream edge of the flume. Under this situadio. correctiths for the 

discharge rating ar, required. Four cauhra flumes, 21,x 1.5'. 

4" x 1.5', 6" x 4.' and 12" x 4. 5' were selected for studYin the 

effects of flume settlment an both free flow and submerged flow 

ratings. Teoretical analysis for both free flow and submerged flow 

of the .fmne was developed with-the flume floor being hortzotal or 

at some angle of tilt. Experiments were conducted in the laboratory. 

The tecbnique developed from dimensional analysis for developing 

discharge ratings was used in the analysis of the experimental 

results. The free flow and submerged flow ratings for the four 

cutthroat flumes at various angles of t!U are reported. 

Conclusions 

The discharge corrections for a tited flame can be made 

the=eticaly from the discarge equations a the inflted fimMes. 

Theory can be usedIto predict the effect of sement on free flow 

ratings easily. but satisfactory results cannot be obtained fur 

I - ­



*vdu aw "Abre 4" t~oo4 o ooohe0 

*~0~~0.00000 0 94441im per*y~00O aso~ &s flow 
0 0 

remm fo 

~~~~ q~~0t0040 In*04 

Pr Oe ~4Ook<~ oa am 4404 tori~ be romuiro 

-po So ;,odharg, 

'Uigd 

rain 

rslsa 

becmsmr 

tg$ e#9W b~n 

etifo 

fordme&fortomt 

00forh0 

In00prdcigtepae 

bothw4ss now andq 

icag.wae 

free-­ d lw 

the n IN 

ori 

0V0000000T0 0We now' Mas paedi hanl 

0 b 
m4ice 

adito 

settle 1 P4to 
and ca r 

to*0td 

a" nede 

col be prpae 

otcrrc. Tbeos he 
cin ote0mlu *rtn 

abctd aaaiu 

in anW thtgnrldshrecretm.z 

abReid 

dischargeEc. wil 
r e e s 

fwGbrctua 

T 

r . 

be 

i 



82 

t'sPIi.&,I flumes are widely used for flow measuresmeat in 

o tlhe effect cf sentlemncatirrigation systerr.s. Therefore. studies 

f/-.x es are also necessary.upon discharge ratmigs for Parshall 
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