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Purpose of 3x~erlmentsL The exper1,nen%n described herein 

were performed for the ~urpose of d~termln~u~ the~e~eot, u~on ths 

shape of s nappe of water f~owln~ over: a lharp-crested weir, of 'the 

velocity Lu the channel of~approaeh. Such a de~ex~Inatlon is son-' ~~ 

sidereal valuable in the .design of: ,~n overflow dam or spillway arest~ 

I~ is desirable t o  use a shape o~ :crest whleh will::allo~ ~t~ water 

to flow ~othll, over the surface ~ithout ~eat~inegative or positive 

pressures. Noaatlve .nresnures or vaeumn o~ the face.of ~sonrytond 

to cause erosion ~hlch may~be serlous. Either negativ~or positive 

pressures, when the ~ter Is dlucha~:Gin8 under aeo~atlvely hi-~h 

hea~ ,  may be l a r s e  enough t o  a r r e s t  . the ' s t a b i l i t y  o ~ t h u  s t r u c t u r e .  

Differen~ fornu~ of. offsets i~tho crest pl~tes ~si!~shOvn on FI~;. ~ 

~ore used in the e=~ri~onta. Th~ purpose of ualn~ . the . o f f s , ~ t s  is 

t o  d e t e r n i n e  what i f  any  o f f s e t  tho:,":~may hav~,  Oecasicmally ' i ,  t he  

crests o f  spillwa~, de.~s znast be.w~d~ned. '~ ~ ~ .~It t h e  ~hapo, 

of nappe for hitcher heads, or to allow for i~he ~eonatructlon of 

b r i d g e  p i e r s ,  &run G a t e s  or  o t h o r . s t r u e  

a s  t h e i r  f o u n d a t i o n .  -- ) f  t h e  

use ~he ores% 

w a t e r  f l o w l n ~  o v e r  Q i s  

p r o a a h i z ~  a l og ica l  s o l u t i o n , o f  t h e  p r o b l e m .  

stunted i n  t h i s  me~o~ndmn .  

Vo~umotr te  m e a s u r e m e n t s  o f  t h e  f l o w . u n d e r  t h e  .va r ious  

h e a d s  wo~e a l s o  ~ d c  and t h e  v e l o c i t i e s  o f  a p p r o a c h  and ,the ~eoef- 

f l e i ~ t s  o f  d l e e h a r s c  eQmputed. 
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Im the hy~4raullc labor~tory of/the Colorudo A4Nricul~ur~l Col!o~. 

. u s a  o f  t h e  l a b o r a t o r y  wa~ a l l o . ~ d  b y  t h e  k i n d  c o n s e n t  o f  t l ,o  

college an~ th~ au~horitios of t h e  U.~. ~]~,,="os 

~h~inearin3, who COOl~2r~to in hydraulic rosoarc _e. 

Thelaboratoryis shown on lei~-urel. '~ Thol~bora~orywasundcr th~ 

supervision of 3. 7. L~no, Roses] 

ch~rgoof Y. E. ~aronock, Associate ~3inoer, with a staff o f  

~elwo assistants. 

Thr~ ~:ator supply for ~l:a laboratory mm obtained from a 

30,O00-cu. ft. r~sorvoir located on .~i knoll bosldo the laboratory. 

@ Fi~uro i'aho~,e t'~.c ~ suv;lY tusk. :!Xu-lnE uxpcrlmcnts of hi~.h h~nda 

over t~Ju wolr, the .In,or levul in the supply t.'nki,asdr:,vm ' ." ~O..TA 

ap~roelab!y. ~.-o vari~,~ion In ho.',don the supply conduit th, roforo 

made it necessary ¢o rc3ul~t~ t'.:u .disch:,rzo ov~r 

o f  ~u a d J u s t , l b l o  rm.~.tC w c i r  a n d , u  ".:aat~ ~--'ivC, i n  c 

rc 3nAl.", t in,r~ :, ppar 

at the b.~sc ~nd 

throu~ • pivot U 

t h e  o u s t  s i d e  o f  t h e  t l c i r  .box and  .-ms r o K u l a t o d  f r ~ n  t h e  ~,wost t i d e  

by  a h a n d w h o o l  on t h ~  t h r e a d e d  r o d .  The w a s t e  v a l v e  c c ~ m u n i o a t e d  

with the weir box ~hrou~ a ~hole ,~In the wall alongside the waste 

weir sump. The v~Ive was also operated fran the west side of the 

@ 
weir box through a bevel gear and rod asH~bly. The waste regulatlon 

sohnme a l l o ~ d  ¢~ observatlon of ~he float ~a~es and  the ro~-~ulation 
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o f  t h e  h e a d  t o  b e  done  by t h o  s~m. p e r s o n .  

The • w o l f  ' a p p r o a c h  c h a n n e l  ,~aa l o c a t e d  box a t  

t h e  s o u t h r m s t  c o r n o r  o f  tl~e l a b o r ~ t o r y i ( s e e  Fl~nAre 1 ) ,  The ~ a p p r o a c h  

c h a n n e l  ~Tas b u i l t  o f  " ~ o d  f r an in .~  w i t h a l  - d r o s s e d  !lumber t o  ~form t h e  

a i d e s .  The a i d e s  ,~ore e x t e n d o d  t o  ~he b o t t o m  o f ~ t h e  ~ a i r - b o x ' w h i c h  

made a tolml de~th of channel.of ~,-ii-. Tho -Tidth of cha~Iol be- 

t.'~en tho :~lls was 2' -0-, Tho cha~ol-ms ~proxlrm~ely 16 ~oot 

10~6. :'it tho up.~or ond,tho ap.~roach channol flarod upstroem :71thra 

aho~'~ Toundod suction of si~o.:all tangent to ~tho st~ni~ht sldes. 

The layou~ la sl'~.m on I~i~<o 2. Tho Eulso ~!oo: ";hlch fits bot':oon 

tho channol ald~a could ~o ~,ovod up, and do,-m thuo ~ars~ir~ tho depth 
! 

and tho voloci~y of ~proach. The u.ha~"~-cr~u~od ~;oir in the north 

ond of  tho chana~l wan locatod 5,-0 ~ rabOV~/~t~ "~0~ bo~ ~21oor..~ 

t h o  t h i c ~ c ~  o f  t h ~  £also floo 

maximum do.~th oi" : thu  a . ~ r o a c h  c 

lost, 
r 

' ~o  D~lao f l o o r  .~as b u i l t  ion" t ' a o ' h o r i z o n t ~ l  

@ 

Cho v o i r  box f l o o r  and  t h o n  t ; = o u c . h  l - o l o s ,  i n  t h o  ~ a p p r o a c h  c h a n n o l  

w a l l s ,  t o  a n c h o r s  n ~ a r  t h ~  t c ~ : o f  t h o  ~ i r  box ".;~.U.a. Th~ . o p p o s i n g  

f o r c o  o f  t h o  b u o y a n c y  o~ t h e  f a lao  f l o o r  h~',ld th,~ r o p e s  ~ t a u t .  T h u ~ ,  

t h ~  f l o o r  ~ras s t a b l o  i n  a v o r t i c a l  d t r o c ~ t o n  and  t h o  f o r c e  o f  t h o  

m o v t ~  : . ~ t o r  ai~ixurt; t h o  alyproach l ~ c l t n o  l ~ l d  t h e  f l o o r  t i g h t  aga ins t  
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t h e  w e i r  plate. 
8 

~ o  ~ o i r  p l ~ t o  .'~s m ~ o  ,mlth.G t : 7 o - f o o t  o p o n i n ~  '.zhich f i t t e d  

the weir channel, so ollminatlnC end:contractions. On the do.~nstros~ 

faeQ o f  t h e  w l r  p l ~ t o  "ms b o l t e d  ~ : s p l l 0 o  p l ~ t o .  T h u - w ~ r l o u a  ~ 
o r o s t  

p l a t e s  ~xoro b o l t e d  :~o %ho. u ~ s t r o a ~  o i d c  o~" t h 0  l a p  ~p!:to a s  :sho~ .:on 

FI ~ r ~  3 .  A elnooth u p s t r o a m  f a c o : : a s  o b t a i n e d  b y t h u  u s e  o f  a / l a p  

p l a ~ c  and c o u n t o r s u u k  : b o l t  h e a d s  on t h e  ups rSam ~f~co. Sld~i : ~ l l n ,  

t~o fo~t a ! ~ a r t  znd in llno ::Ith :th~ rapprO~C]l chunn~l' :.'olla, ":ors 

built do:.~stroam frc~ ~ho ::~ir to :'contain thu n~pl~c. -- ,:oost ..~l! 

.,us of tr~usparont :,rite ~lass %o allot- ob~mwUtlon of r . ~ ' -  .... 

~S S~O~.~J~ On : ~ t ~  rIe Orl tho oppo.~Ito ~.ul l  a 'ho!o ",:.s p rov ldod  fo r  

aoration undor tho nap~. 
r: 

ins%rumunt u~.:a fur mu~suxlnG ~.tho Tho coordinates ~of unpor 

and l~.'or surf~cc i~ tor~., ~ . . . . . . . . . . .  

ratua is abeam on Pl~e I 

a r l S l d  bc~A~ ~ r d l l O 1  '~o 

a s l i d e  supporting_,  ~ v o r t  

a t  t h o  lo.'~or e n d .  The a s  

a p p a r a t u s  was mupported ,oi 

I-beans were seloa~ed to I 

of several hundred pounds: without appreclable~deflectlc~ 

ca,--r'~Ln~ t ) ~  horlz~tel sca~ ~was a 4mlnch E-beln. The 

P ~  the vertlcal scale ,~as equipped ,~Ith,e clamp coz 

tim elide by a horizontal adjusting .screw. BY ~onz of thls.eorm~ 

and a vernier on the s11do, hori=ontal set~ I~ could be mnde to an 

aeotu~aey o f  o n e - t ~ t h  o f  a f o o t .  ~ , ~ t l s a l  bar  moved ..~:aj~ = 
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~ o o v e  a n d  w a s  a l ~ o  Lequi~ped ~ i t h  a c l a m p ,  a d j u s t i n E  se~ew a n d  . ---- 

n i e r  ~ h l o h  a l l o . . ~ d  ~ho s a m  aoou~ac~, o f  m e a a u a w ~ n ~  :as di~. +~,ho i h o r i -  

zontal motion. Th~ imm~, ond of' ~ho vor~ioal bar ,~as ,bu/it so :~hat 

a p o i n t  o r  a hook  c o u l d  bo ~ i t t e d  :to i t  2 n t o r e h a n G o a b l y : ;  ~'~ The p o l n ¢  

was u s o d  t o  d e t e r m i n o  t h o  u,nper surl~e©iSand:i~he h o o k  t m ~ d  f o r  t h e  

l o ~ o r  s u r f a c e  oT t h o  n a p p o .  T ~ o  ~y~o~ o f  h o o k s , ~ o r u  o m ~ l o y e d ;  

d e s i ~ n a t o d  a s  h o o k  p o i n ~  A ~ 2 t h  She p o i n t  o~ t h ~  ihook i n c i i n o d  'up- 

s~roam ~ur  m o a s u r i n ~  t h o  s e c t i o n  o ~  t h o  l o w o r  s u r f s c o ,  u p s t r e a m  f r c n  

'~ho v e ~ t o x  o~ t h ~  c o n t r a c t e d  s e c t i o n .  

hoo~  p o i n t  D v . i t h  t.%o ~noint  o f  t h o  hook  d l r o c ~ e d  

f c ~  m o a s u r i n ~  t h o  l o ~ r  : ~ r t  :o~ ~ho l o w e r  8 ~ f a c ~  

hook ere s h m m  on i'~l~. 3.  

Three f l o a t  6a~os ran _ ~o : t h e  

weir box £oi" IJadlca~i~ ~ho head of~a~o~ above ~he ~e~rl oro~. iT~o 

of ~he float ~d~8 ~ore placod in t h o  s~illin~-,~ll r~nich ~ae c o n -  

n e c ~ o d  b y  t ~ o  Z/4~ h o s o s  t o  h o l e s  i n  t h e  b a s ~  o ~ h e  ~ f l o o r  a s  : 

shown on F2.~. 2,  .~ t o  t h e  i ~  

~ho ~rost ~ a l l  of '  t 

a hole i u  the  zzcst vJu l l  o f ~ h o  approaoh ehaun 

flo= ~aa ~ a 2 1 o d  "~o ,i.~,Ithln 6" b~1o:. ~ho .~e l r  

,-ms b o l o ~  t h a  f l o c ~  a n d  ~!honcc ~an  n o t  r ~ d ,  ,~h~ ~ I l o a t  gaKn~ ~.~re , s u b -  

i r t a u ~ 2 a l l y  oT t h ~  se~o ~ype .us ~ t  dev~lop¢-~ o t  Corno I1  * ~ l v u r a i t y .  ~ 

. ,., m i l 

* T z ' ~ .  Jim. S o o .  C. Z . ,  I ) .  11.54, ~/ol .  83 .  1930o 
- -  i n  • i , ,  , - -  . - - -  

By the tree o f  a w ~ r n l e r ,  road in~e of ]aoad ~ ~do ~o ¢ m o - t h o u m u ~ h  

o f  a f o o t .  Tho  K a ~ s  i n d i c a t e d  t h e  h e a d  a t  o l o o a t t ~  Cu~ f o o t  u p -  

sCz.~m f'z.om Cho f ~ e ~  of' Chu ~:ol~-, 
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A nmnber of run8 ~re made at ve~rious heads ~o dster~Ane 

the eoeifiolent of dlschar~e. The volum~etrie measurinS 

2:, ¢h8 noz'th~mst oorner  o/" the laboratory ~s usel to measure the 

quautiip o f  water, A hook ga~-e nwsau~od the wurst su~faoe elevation 

in the ~ank with A~ ~ape ~ge for a checks The ~ heel: ~ages were re~d • 

to ane-thou~endth of a foot and the t~nk on!ibration me~s~wed to one- 

h~ndredth of a cubic foot. 

It ~.ae necessary nlso ,to maaeur. ~ the volume in th~ ohaz~n~l 

which eoe~ea~od ~.ith th~ . t anE ,  Thc~ dlvorsion from the volumetric 

~ u k  t o  t h e  w ~ s t e  t u n k  was aoeompl i sho .~  b-- ~ a n s  o f  a Gate d i a p h r a g m  

(m a p i v o t e d  l ~ v o r .  ~ d i a p h r a g m  o o u l d  bc.swur~-~ vor~ ,  q u i c k l y  f r n ~ , a  

p o e i t i ~  oovorin:~ t h e  wus te : -ou '~ lo t  to a p o ~ i t i o n  e o v u r i n ~  

~o t h e  v o l a t i l e  t a n k .  :~h~n t h e  I e v o r  p~usod  a m i d p o i n t  it c l o s e d  

an  e l e c t r i c  s t ? c u l t  ~ h i e h  r , o o ~ A e d  on a e h r ~ o g r ~ p h .  I n  a d d i t i o n  t o  

t h e  e h ~ o n o ~ a p h ,  r y e  s t o p ~ a t o h o s ~  whioh were e l s e  c o , n e s t e d  i n  t h e  

~ e ~  e l e c t r i c a l  o i r o u i t  wer~ t ~ o d  t o  e h e c k  t h e  t i m e  o f  f l o ~ .  

i , 
11 

1! 

41 

5 i s  2 . u f ~  t o  a s  ~cho v ~ r t l e a l  f a o o . . w o ~  ,lind TT~osl B 

doe lgna tod  as o f  T s o t  w e i r s ,  d i v i d  

s e r i e s  o£ t u l r t s  and r u n s .  l s t i n o t  ~ t u p  01' 

tho  o q u . l . ~ t  s ~ i t h  ~ h t o h  s ~ v u r a l  r ims  o f  wary tn~  diseboa-go ~';ore 

•ado .  Zn tho  o=su o f  th~ v ~ ' - t i o a l - t a c o d  v o i r ,  f t v o  ¢ o e t e  =o~re -md~p 

eam~. l s i n ~  th ix~tT-ono  r u ~ s .  .~l~h t h u  o f T = s t  fao~ ~ o i r ,  ol~svan ~ e t e  

~ d ~  l~hioh l n o l u d u d  t ~ o n t l v - o i g h t  l-.ans. 

:tla~eo £'J.oo~, ~ ehan~od fro" eaoh l ~ s t .  

The u l o T a t l o n  o f  t h e  
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Before tlm tee~s ~Tere started, the elevation , 

~eat was accurately determined with reference to each 

float gages. Tho water surface in the weir boxwas held/below the 

crest during these zero determinations. Five trials were made withl ~ ~:~ 

different water surface olevatlons. ~ach trial included frc~ five 
O 

t o  t e n  o b s e r T a t l o n a ,  An o b s e r v a t i o n  c o n - ~ - ~ - ~  ~ d l n g t h e w a t e r  

surface with the float gages and with t~ 
e r  hook  e l m u l -  

tnneously. The elevetlon of the weir crest was then~measured~wlth 

the coc~dlncemter hook, using a eplrlt level from the "hook to ~the 

cTeat. The difference in the readlnGs of the cOOrdlncmeter indlca- 

ted the dlstance of the water level below,the crest. BY addlng thls 

difference to ~h~ float ~ago reading~ rthe a~tio n of the weir ~-rest 

was established with reference to the float gage datum, iThe :float 

gage zeros were computed to ten-thousandths of a foot. 

The three float ga~s were - 
rea~ every twomlnutes 

the r t ~ .  The observer tapped the float---e ~ - ~ , ~ - :  : 
~ g  r ~  o e r o r e  r e a d i n g  t o  ~,: 

eliminate e r r o r s  due ~to s t i c k i n g  o f  the ~Uide. :The ~oat ~ge~:ob,  ~. 

eerver  almo operated .the adJus tab le~we l r  and 
f o r  ~,regu, 

latlng the head. Some little difficulty ~s experienced at first 

in malntalnAng the i head canatant. For most of the runs p the Varia- 

tion in head ~e of the Order of several thousandths of a foot. It 

was  a t t e n r p t e d  t o  b r i n g  t h e  head  t o  n l h a l r l y  s t a b l e  c o n d i t i o n  b e f o r e  

stertiDg the neppe obsex~eati~e. The heeds, as measured bY eQch of 

the three ~es, were averaged to de~ex~nlne She ulti~nate value. 



l~In~ ~st 5, the third ~ge rras not used for the reason thut the 

hole in the channel warn below the top.surface of the falxo floor. 

The head above the crest used in the various runs ra~ 8p- 

proxl~ntely .S to I.G feet. The ~upply reservolr was own et 

an appreciable rote durin~ the flow for hIghhe~dsov~r ~he weir ~and 

~herefor~ nca'o careful r~Eulatlon:wa s required. The v~loci~yof ap, 

preach in the chc~nol ,.-ms varied by :chan~Ing:~he vertical position 

o f  t h e  I"alJo f l o o r .  

The coor~iname~er as used to m~asure the f~ee surfaces of 

the nappe was operated by ~wo men. The horlzontal 811de was ~set and 

read. The point yes ~hen lowered until it ba~ely scratched the up, 

per surface and the vertical Scale read.: The polntwas then :detached 

and a hook attached in its place. ~f~hook ms lowered f~r enough 

below t h e  lower  s u r f a c e  so t h a t  t h e  sm~fa, 

an  a a c e n d i n ~  m o t i o n .  When t h e  t i p  o f  t h e  hook s c r a t c h e d  t h e  l o w e r  

surface, e vor tlcal scale readlnc was ~aken for tha~ surfs 

p a t h ,  tht te  o b v i a t i n 5  two h o r i z o n ~ a I  e e t t i n E s .  F o r  t h e l h i  

it was neeeesar~ t o  view the h o o k  t h r o u g h  She 81ass elde asiA, 

p 
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It 'hau lonj,~b0on reco'~nized ~t.hat th~ ~_~ly.s ~__s of_Resulta. 

shape of a nappe of water flo~n~ freely over a s 

has a similar shape for varying heads. H. B~:=in 

similarity in ~ho publication of hls clus~ical ex.nerlnents. ~ T~ 

i llm 1 1 

• Transl',ted by A. ~richal and I. IC. Trautwine and published in the 
Proceedings of th~ Engineers Club of Philadel.nhla, P. 251, 701. ~IX, 
No. S (109Z). ~ . : ~ " • • 

1 i l is 

reec~nlzed method of studying the mhape ofnappe is to reduce all 

obBervations to correspond to a head of one unit. The results ~r~y 

then be compared on the basis of a pure number, r~6ardless of whether 

the observations wore made in ~he ~llsh or the metric systeen. 

The analysis of the res~Llts for the vertical facod~ 

have been alined ~o dotermlne the effect on the shape ofnappe of dof- 

Inlte velocities of appronch. The range of voiocitlos of appronch 

for the flrert five tests Tr-,s from 0,0656 to 5.560 foot per second. 

The data is ammnarizod in Table ~!o* :i. As r~hO first stop :Of %he an- 

alMsle, an attcz-~t has been made to draw accu~atu curves~ropresonting 

the up~ and lovQr surfaces from dat~ of the orporLuonts Ofr~ 

ble velocities of npnro~ch. These eurvc~ will hare 

~o as ~so curves. The base ~.urve hue b~on d~tornined ~Ith consider- 

a b l e  c a r e  i n  o r d e r  t o  ~ v o  a s t a n d a r d  ,from ~whieh t o ~ m ~ s u a ' o  d e v i a t i o n  

a t  h l ~ e r  v s l o c i t i u s  o f  .~pproach .  

Th~ voloel~ios of approach have been ~runsformod ~o velocity 

h e a d s  and  d e s i ~ n ~ t e d  a a  p e r  c e n t  aT : the  o b s e r v e d  h e a d  f u r  ~ h e  p a r t i e -  
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ular run to which it applies. Those runs made'by th~ Bureau ~of Recla- 

mation of ~Thich the ra~lo o~ ha was less ~han 0,~% ~:oro arbitrarily 
h 

conslderod to have negligible velocity of appreac!:.~ 

The six runs of thu Bu~,en the 

base curv~ group are marked "B. C." 

ranges from .0097% to .1848~. The 

rums for b o t h  upper and lower surfaces o are recorded :on 

Tables Nee. i to 4, pp. i to 4 of the appendix, The cmmpu%od aoordi- 

nares __x ~nd .-~ are also listed on those tables. :~ lues 

are plotted as circles on FIsuro No. 5. It should be noted that the 

data on the ab~vamcntionod figure has been carefully amalyzedon draw- 

ings of a much greater scale. 

It was considered desirable to compare the experiments of 

the Bureau of Rccl~uation with those of other ai-p. erimenters. Vury 

little data could be found, he;sever, comparable with the nugllgiole 

velocizies of unproach used by the bureau. ~. Bazin made one 

o ori nt ,',hich -: vo h of I ,The d t. . in lud   

on Table 5, p. b of the appundix of thlsreport. The nts 

plotted as ~riJ,: l~ on Figure 5. The coerdlnem~ter 

~us probably not so precise as ~hc on,; used by the, bureau. 

by . 

. Howov@r, 

Bazin moasurud the abscissae to contlmoters and:~;~o ordinates were . , 

estimated to tenths of a millimeter, a tenth.of a,millimoter b~ing 

equivalent to approximately three ton-thousandths of .c foot. The 

bureau made obsarvatlona eceurutoly to thousandths of a foot for both 
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a b s c i s s a e  and o r d l n . , t c s .  Duu t o  p u l s a t i o n  o i n  t h e  'n,~':,p,~ : ' lhich : : i l l  

b~ discuss,~d oubso~!uuntly, it is bcttur to att,~n~ .... 
., :,ro~:zor accuracy 

by a greater number of observations thun by 3r~ato: ,'y in ob- 

sorvutions. ~ho single oxporlmont ~of i~zln used '~ 

C )  " ° 

a ~ o o s  closely with the observations of the Buroa ~ 

in a vicinity close to the crest but ~ dovlat~s samowh~t at dlst:,ncos 

further from the crest where the slope :zith tlho horizontal Isl ,';ro.~or. 
r ] 

This may be partially duo to the fact the :Bazin,s :horlzonta! roadlngs 

wars made only to c~ntimeters. It is difficult to determlno th~ c~- ~ ? 

parativo o b s o r v - t i o n a l  arror in the twb sots of oxporlmonts. , .~ : 

the . , , thor , s   o-l d e :ot:,er 
on ~he c | , a n e , ~  

o f  nappe  have been  p u b l i s h e d  s l n c e = B a z l n , c  t i m e  ',rtith t h e  ~ o x c o j t i o n  

of some r~.aZo r date Gathered by Scim~i at Padua in Italy,~ - , 
, .~vc ral 

~Iottrica, pp. ~93-305, April, :I.~30, : 

difficulties ~orc encountered in c~mr~rln~ :the data o :ha 

s e c o n d  oxperh.~,~nt :~ith .': head of 3'.0.~" r~t~rs ,,ave an .-~ ratio of 

0.07~;. This value is .~cll ::ithin th~ cate,qory of ne~li,.jible voles.. 

Itlss of approac!: bu~ for some reason the rordlna~ of the lo~r sur- 

face were obviously in error in the vicinity of the crest. ~ Sclmoml 

c~mtts experiment No. ~ in his dra~Img of the enlarged lower surf-co 

seetlon. I ~ n c e ,  it Ires been  o m l t ~ e d  i n  this comparison. E x p e r i m e n t  

No, 5 was selected for cc~perlson. The head ~as 0.M meters and 

the ~ ratio ~qu~l to 0.~1%, The coordinates are given in Table 



@ 

@ 

@ 

19 

~TO. 6 Of the ap~r~lldlx to this roport ~;d tho valu~a a-.~ plott,~d -~o 

squares on Fi~,. 5. Tho data n~ro~s:closoly ~ith that of.thoBu~uau 

Of RoclAlmatlon in  t h o  v l c l n l t y  o f  tho  c r o s t  b u t  ,forms a c u r v o  i y l n ~  

abovQ th~  ~ a o  c~a'vo f a r t h e r  f~can th~ : c r ~ s t .  P a r t  ,o f  ~thts o f ~ o c t  

may ~ ~uo t o  tho s l 4 ~ h t l y  h i g h e r  v ~ l o c i t y  of :  approach .  

~rl~r~nta: to deto~llne the el:ape :of -nappe .over a sh~p-crestod 

weir, It is expected that the e-x:~rlments~.~l ~-:publ/al~d.ln:.the 

near i~uttu-e, The r~su!ts oi" the e~l~riments :~cre sent to tho Bureau 

of Reclama~.ion ~cr c o n f i d e n t i . l : u ~ e .  The experiment desi~,~nat~d ~s 

the 4th n~p.~e :-as selocted for com r~rlson, Th,~ l:~d .~s Z . 3 ~  and 

~ho -- ratio "ms 0,362"- -- • h .~. A. ~ouldlbe ;toto~. ~h~t ~-hls e~n~rD~ontor 

USed the rater aur.~aeo in th~ appr~mch channol for a horizontal axis. 

This, ho-:over, ..oos not ~stroy tho phonmmonon of 

data are rocord~d on :able No. 7 of th, 

crosses on Fiburc :.o.S. Th~ obs~;wat: 

rlod, axhlbit a clcso a~ro~nant -~ith ithoso~of tho Burcau of R~c~' 

finn° 

Cu:wos :~prosentln= both su~Tucos ~ of thG nap.~e "~ro dra~n 

through all the data as plotted, SIvlng pruforunco to th~ lo-~r v~- 

lo@It£es of approach of the or~ertuents performed by this bureau. 

This  f e e t  s h o u l d  be kep t  In  mind when i n t e r p r e $ i n g  F i g u r e  N o .  S,  a s  

a mutely examination m a y  inp~ess t h e  o b s e r v e r  : that  the lo.~sr roaches 
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of the surfaces are pl~,ccd too io-7. 

cue experimenters have coincided so clo--oly ".~ith:those 3rs that 

it has been necessary to omit these points:~!from~iFi~ure 5. iThe slones , 

of the curves were plotted to ran exag~3ex Ry,.msoothin~ ~the 

slope curves, 1~he nappe shape curves werelndJusted. :The ~coordlmatee 

of the base curve :=re ~iven in Tables Nos.~:2 Ve~rie/@aITt 

on Fi&nAre No. 5. ~-:, The elope~curvos aro~also;:shown on thlsrfigure. An 

enlarged se-.tion of the:upper part'of the.lower surface,~is p l o t t e d  i n  

one corner of the fic~,.Areo 

~ffect _o_f_:Velocit~ of Approach. ~The 'runs Of~rthe first five 

tests which were rode with hl-her velocities of appr~uch were uu~d "rtO 

determine the deviation from the b-se curvo~due~to velocity of ap. : " 

preach. 

p e n d i x .  

o r  d e v i a t i o n  f r o m  t h ~  b~se c u r v e .  

a r e  r e c o r d e d  f o r  t h e  c o r r e e p o n d i r ~  

tlon. The base curve vnluos ~re ,taken from 

These values of "~h for ~the base curve arc sub~rQc 

p o n d i n ~  v e l t w s  o f % h e  r u n  t o  be c m n p u t e d ,  

The on T a b l e s  Nee. 8 :.to 3~" o f  t h e  8p -  

These tables a!so show the computation for the dlfforonce 
! i , 

' of :the base curve .... 

m i n u s  ~hen  an  o b s e r w l ~ t o n  i s  be low the  buse  cu rve  ~ud~plus~when  i t  

i s  a b o v e .  A s a m p l e  c o m p u t a t i o n  i s  i n c l u d e d  a s  T a b l e  I~o. 4 .  

@ 
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• s t h o  e£~'oct  

and  t h e e  b e i n ~  au  ap in"~o lab lo  v a r i a t £ o n . ~ ,  

2 5  

~UO8 

the  dev£a~ ; io~  ~ __Y wore av . . . . . .  - 
h o r a ~ e ¢  ~ r c a . e  ~ p l o t t l n ~ .  Fo.r:.~th$a~pu.-po. 

r u n s  were  d t v i d o d  i n t o  ~roup~ a c c ~ d i n s , t o  t l ~  r a t i o l h a  :as ~1.oi_ 

lm~s :  . h 
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I I  

I I I  

IV 
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VI 

7 I I  
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Tho group desl~natLon for euch run is sho~m in~blc Th0:aV~ 

el'SgOS f • ~ X 

• h , ,,..JL 

ecmputod SOt tho l~.~or su r f aco ,  ~Edcl~ C~'o~ 

ors  occc~dln~ t o  T - . I u ~  o f - ~ .  ~ - ~ . ~ G  . 

e l u d e d  a~ Tab lo  1 ; o . 5 .  T h o ~ b r ~ c k o t s  ~ o r o o n ' r a n ~ , ~ d  ~o~ombraoo~ . f ran  

4 t o  15 v a l u u l .  1~o l i s t :  of .  a v o r a ~ s ,  s o  ccmpu tod  . I s  ~,recordud on 

,Tab le  1;o. 6 ,  The /1 a v o r a g o s . : w o r o  p l o t t o d ~ a ~ t n a t  ~ - , a v u r a G o o  
h a  i . • 

~and t h o  ~ -  s v e r a ~  ~ ~ t i o s  woro marEod on t h o  l n d / v 2 d u a l  p o i n t s .  

.Contours oT oquul ha ratios woru skotohed Cm~ho DTaph. Tho llnss 
h 



TABX~: NO. I. 

~[APF ~}" .,~Z,I R ::A! '~: 
~"~'.,,.,.. ~.,~VI. DA~A 

Y 

_ _ . ~ 2 ' . ~  ~ ~  

-i .073 -z.~1 
-z.Ss6 -l.so3 
-2.175 -2,~3 

eEvidently an errone 
,|, , i 

pus obsurva t i  ~ .  
. . . . .  N . • , . 
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wero of mnrkod sinuous character, posslbly~.duo to a wavo mo~ion csused 

by the vertical and horizontal volocitlos i~upi.~Ino upon o~ch othor 

at th~ ~ p  crest. ~n order to soo~e ~ ~r~cti~ c~vo ~ ~,~-~c.h'~!~i~ _~.~.~. 

v~Xoci%y of approach corrections could be obtalned, the sinuous cu~vos 

~mre m o o t h e d  o u t .  These  c u r v e s  a r c  shown on FI~LrC 6 ,  I t  was l n o c e s -  

so.ry t o  o x e q ~ e r a t e  t h e  v o r t i c a l  s c a l e  on a c c o u n t  of~::tho eenal l  m~nl- 

r u d e  o f  t h ~  d e v i a t i o n  f rom t h e  b a s e  c u r v e .  The p o r t i o n  o f  t h e  c u r v e s  

l y i n g  b e l o w  t h e  h o r i z o n t a l  a x i s  i n d i c a t e s  t h a t  t h e  s u r ~ c e  i s  b e l o w  

t h e  b a s e  c u r v e  s u r D a c e  and v i c e  v e r s a : f o r  t h e  p o r t i o n  a b o v e  % h e  a x i s ,  

The p u r p o s e  o f  t h i s  p i e c e  o f  r e s e a r c h  a n d  a n a l y s i s  h a s  b o o n  

t o  d e d u o s  p r a c t i c a l  w o r k i n g  r e s u l t s  f o r  t h e  d e s i g n  o f  r o u n d o 6  c r e s t  

s h a p e s .  Tee pus-peso . ;as  c o n s i d e r e d  a d e q u a t e  t o  Jus%il~" s m o o t h i n g  t h e  

c u r v e s  r e l ~ r o s ~ n t i n ~  d e v i a t i o n  a t  h t s h e r  v e l o c i t i e s  o ~  a p p r o a c h .  T a b l e  

No° 7 h a s  be~n c o m p i l e d  f o r  t h u  u s e  o f  ~d 

c r e s t s .  The c o o r ~ i n n t e s  o f  thol l o w e r  ~ " l r s t  : 

two  co lumns  and  c o r r e c t i o n s  t o  t h e  crdt ' ,  

f o r  a p l n ~ e l ~ b l c  v e l o c i t y  o f  ~ p p r o a c h .  ' 

c r e s t  s h o u l d  bG p e r f o r m e d  i n  %he f o l l c c r t n 6  m a n n e r :  

Cl) c=~ . to  the velocity ~ d  o f  a~pro~ch for the ~Bl~.~e 
,a" 

b~ the o r ~  for m ~ .  ha  " ~ .  

h 

190 t o  f i n d  t h e  p e r  c e n t  z 'a t~.o.  
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DEVIAT ION 

"t'ABLE NO 6 

GROU P 
BRACKET 

; . 4  - , ; . 5  

. 0 -  o,,6 

~ . B  " . 8  

II S.@ - l.O 
( Con't. ) 

~. - I.i 

I.I- i,~ 

I.~ - 1.4 

1.4 - i.~ 

i.~ - 1 , 8  

1.8 - ~.0 

~.0 - ~ . 2  

~.~- ;~.~ 

~ ' . ~  - : 3 . 0  

0.0 - U . 1  

3.I -0.- ° 

0..~ - ~.~ 

IIi O.~- J , 4  

0 . 4  - "~.0 

5 

.o?. - . ' 7  

- . ?  - S ' . ~  

~o 
S H A P E  OF W E I R  N A P P E  

AT H I G H E R  V E L O C I T I E S  OF APPROACH 
LOWER S U R F A C E  

OBSF.R- 
V A T I O N S  

11 

~3 

'7 

6 

"7 

6 

5 

4 

b 

:i h : 

° , 4 ; : 4  

" . 6 4 D  

"~ . V 4 4  ii 

* . 8 4 6  

° I t  .05~ 

"I,15V 

"i.?~ 

"1.6~ 

.1.903 

".05B 

'.146 

o.5b~ 

° . 6 5 ~  

- . 7 5 7  

5 

6 

5 

6 

5 

SHEET 2 OF-4 

m s  

- o : ; 1 4 ~  

- . O l l P .  

-.0~ ;5 

-.~61 

- .OOmO 
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- - , ; ' 1 6 7  

- . 0 0 ? ' 4  

- .  3 0 5 . 5  
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-.020 

- .Ot'~ 

.t;04 

,.7"? 

. V~5 

. LJb 

I .IL& 

i .?70 
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SHAPE ,,OF WEiR ,NAPPE 
D E V I A T I O N  AT H I G H E R V E L O C I T I E S  OF 

TABLE : NO,_ i 

i GROUP 
! 

;HER ~VELOCITIES 
LOWER SURFACE 

OF APPROACH 

SHE ET 3 O F . 4  

O o e -  0 , 9  5 ~ , 8 4 8  - , 0 . ~  I , ' ; " 7 ?  "~ 

0 , , 9  - l . O  5 '-, . , . 9 4 0  ' . - ' 0 ~  . ~,i.810 

1.o- i.~ 9 *I.O~O -,o~?: I.8~2 

III 1.2 - 1.4 5 "1.296 - .0-~9 ~. 91'4 
(O~.) 

1.4 - I. 6 O '1,496 - ,004 ",OCt, 

] 1.6- 1.9 6 • "i.73~ -.00~3 ~,004 

l.g- 2.Z 4 +2,06~. ~.03~ ?.1'31 

2 . 2 -  2 . 6  4 ~'R.383 4.03,~. R.R~I i 

0 . 0  - 0 . I i  11 " + , 0 4 6  - , 0 0 8  ,:',~65g 

0 . I  - 0 . 2  8 ~ . ] .51  , - ,OlO 5 . 7 ? 2  

0.3- 0.4 6 .;349 : ,-.0~--.~ 5.646 

IV 0 . 4 -  0 . 5  8 " . 4 4  ~. - ,OE't ::~,637 
! 

0 . 5 , -  O .e  6 ~ . ~ . " .  -,031 ~ 3.VIP 

: . . 035  5;53@ • :': 

0 . ~ -  0 . 8  '6 * , 'P34  . . 0 4 5  

1 . 0 -  1 . |  10  " I . 0 ~  - . 0 ' ~ :  i,~ 

1 . 2  ' -  1 . 8  8 . I ,=3P-  -. ; ;~t3 ; 5.4e0 

1 . 6 - I . 9  5 " 1 . 6 ~  - . 0 3 6  4.06P. 

0 . 0 -  O.S 9 *o0~3 - .010  ~,.995 

V 0 . ~ -  0 . 4  8 * * ~ D 6  - , 0 ~ . 3  5.9"~6 

' , ) . 4 -  C.6 ? " . 5 0 2  - . 0 .  ~" 6 ,  ~G4 



DEVI A T  I0 N 

T A B L E  N O .  6 

~ 2  SHAPE OF WEIR.NAPPE 
AT HIGHER VELOCI'TI ES O F  APPROACH 

LOWE R SURFACE 
SHEET 40F .4  

@ 

O.a - L.,: 9 -.891 ~ -.0~ 6.06~ 

v z . c -  ~.s ~ oz,lm) - ,oss 5;B=w~ 
( c ~ t . )  : 

1o3- 1.6 ,~ ~'1,442 - . 0 2 9  5 . 6 0 7  

1 , 6 -  2 ° 0  .5 * I . 7 8 9  " ,0~' . :  !'5,,0~5 

0 , 0 -  q , l  '7 + , 0 4 3  - . O ! &  ~,.,~,~ 

0.  I - 3 .  ~ 6 +,14,~ - , 0 ~  P..,~6b 

0.2 - 'J.3 5 4.:F~g - 0~ ': 

0.3- LJ.4 4 *o:~'~ - . ' )55  -~.~WB~ 

7= 0 . 4  - (J.5 b ~ . ' ~ H  - . '~4!  'J. cmS' 

O.b - 0 .6  j " . 5 5 1  -.:.WIO 8o~,b 

0 , 8  - I o0  - ,~ * ,69 '7  ",,,~4~'i ! ~, 

1.c - .1.? ' '7 -.o. :",~',-5 

I,,' -:1,~ -.o3~ ,~.~:~E 

O . v  - _0.I " *,;0, -,016 ::, : .'!l~.4~b : 

0 , 3  - 0 . 4  5 * , 3 3 1  " , ; 0 4 B  I~.66v 

0 . 4  ..-' 0 , 6  ~ .'.4184 -.04kB :II~.465 

Q , 6 -  u.g 8 ".746  - .04'I  :1,%.465 

G.:~ -.10~ 5 " I . 0 4 ~  - ° 0 3 8  I ~ . . 4 6 5  ~] • 

, , i 



(3) h,. Entcr the proper colu~rm of ..2.~ and add 
h ~ 

Y to the corresponding ~U. " 

(4) ~ultlply each ~mluo of -- and the cerroctc 

by the designed h~ad and the r~sult will be coordlnstos.of e crest 

which would fit the lower surface of c free-flowlng nap~ under the 

implied conditions. 

DISCUSSION OF RESULTS 

Base Curve. The base curve which represents ~the~sha - 

a nappe over a vertical-faced, sharp-crested welr, ~s constru, 

with considerable care. Several slope curves were drawn before t 

adjustment was considered satisfactory. Due t o  scarcity 

the lo,~er portion of the napne, the .location of the~shape 

ably not so accurate a~ it. ~he upper portion. The lower surface neax 

the crest hag been quite accurately located. The result~ of:theex- 

Perlments of ~he ~xreau of Recl~:atlon indicate t h a t  . t  ~ -  ,~-~- -- 

rises to 0.111h above the shcrp crest. The Cocfflcien 

by earlier experimenters. Sclmenl medc s careful a 

Bazln,s research together with mea~qer research of his own and con_ 

cluded ~ to be 0.11S. Yhe ag~reem~nt Iz~as close as 

The value of 0.111 is recommended for mnemonic reasons. The hc~Izc~. 

tel distance frem the ~rest to the highest point of the l~r surface 

is approxi~tely 0.PAh. The location can be determined bY drawlng 

slope curves and taking the Intercept of the x-axis. The hi~elt 

£# 
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2 

3 

"" 4 

-.- 5 

6 

+ 7 

+ 8 

9 

-.- 0 

4. I 

p 

"i 
X ~ Y 

I 

:35" 
I 

i :~.o o~,,../.. 

- .0322 

- 0 3 9 7  

:- 04,49 

- .0480 

52 "' ~ ' . . . .  - .0261" + I 5 - . 7 3 9 8  - O I  - . 0 r - . 3 6  - . 0 2 9 6 :  - , 0 3 2 9  

. . . . . . .  '-87-2o- o ,so -.0222 ---0274  • *- 16 -, I ' - 0297 
. . . . . . . . . . . . . . . . . . .  . I 

I i i + 1 7  - I  0 1 2 7  --  0 1 0 2  - 0 9 4  -- C)23C~ - , 1 3 ~ 5 4 '  " 

-,- 8 

• .- 2 0 .-.,I 4875 . . . . .  : - , o o o  - o o 4 6  -.oos 
• i 

"-  2 I - - I  6 6 3 6  4 . 0 0 5 1  4 0 0 3 6  * . 0 1 2 0  

-- i ~ 0 0 9 7  14:0144 i • -" 2 2 1 8 4 8 3 ,  , , ' i : . i  

. E X P L A N A T I O N :  

x = Hor izontal  distance from sharp crest 
y = Ver t ica l  distance f rom sharp crest. 

Yh == Head above sharp crested weir. ( Does not~F, includ 
veloc,ty head of-approach). ,- 

hQ= Velocity head,n approach channel =.Vja.. i 

A-~ Corrections to be added algebraical ly ( ~ , . ~ ) . ~ .  
I"o~ for proper ~in percen'r, i ...x 

All values ore pure numbers oppl,coble to "x 
either Metric or Enqlish units. 

I A S E D  ON ( X P w R I ~ ' E I W T i  I T  U S IURIEAu OF m(¢LAIW,ATIO~ F B C  1"17"33 X - D - ~ 0 3  
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point of the l~er surface has ~ slope of Zero. ~he slope ~uu~ve 

4 represented by the co!urm o~ d~f 

smooth curve in the vicinity of 

the coordinates are established direc~l~. 

Hence it is difficult to dete.--u, ine the 

N~t~erous at t~mpt s have 

emplrical equation to define the sha~o c 

which have been used in tim ~az~ ~ro en: 

r 

paragrap}-s T'itl; brlcf corzneuts. .:ii of the earl:ien~:c }u~,',~.ons "'n ~,...c. 

based on ~.zin's data. 

Eq uat ions. 
ee 

f U  '~ In 1908, I~ ller i 

R. :~:uller - Development of ~'.~c~icdl 
~ -  ~ g .  R e c . ,  .,,. 4 4 - ,  ~ c ~ . . . ~ , : 1 9 0  

~c 

,-uuol c : 

equation in American literature. ~ attempts to .ox 

the upper ~ection of ti~e lo'.~Q'~- sur!~ce t.h1~ 

, ~ . J  v ~  . . . .  A * ,  1 

,in' 

perimental data. , ' , I u l l o r  sets down the • 

for the thread of z~an velocity, with an ori 

mpproxir,~tels" .55h above the crest and .09h f r o m  the 

crest. ~meoard/natos uro altorod from the conventlonals 

x being, assured vertically ~nd y horizontally. He then measures 

downward one-third the thickness of the nappe no~nal ~o ~he thread 

of mean velocity and thus locates the curvy for the lower surface. 

to 
p a r k e r *  r e p r o d u c o s  I , ~ u l l o r , s  c u r v e  a n d  d e m o n s t r a t e s  t h a t  i t  d o o s  n o t  

P~ .i. Z:. Parker, "The Control of ~ater,W p. 400 (1916). 

< 

k 
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fit Bazin'e curve well . a t  the 

Morrlson and Rrodie 

37 

: equation ~for' 

* Z .  E ~ r i e c m  a n d  O. L .  B r o d i e  - M a s o n r y  Dam D e s i g n ,  p p .  1 2 0 - 1 3 ~  
(2d Edition, i~16). 

l o w e r  a u r f r . c c  w i t h  a c e n t e r  o f  c o o r d i n a t e s  a t  t h e  hiF~host 

the Immr surf,,ce ar l o iS .o r ;e :  x 2 " 1.80 1~' .  Thedata ~ul 

from Bazin. Eo~ovor, they recommend that x 2 ":2.25 

t h e  d e s i g n  o f  an o v e r f l o w  c r e s t °  I t  Can  

f a c e  is n o t  d ~ f l n o d  p e r f e c t l y  b y  a p a r a b o l a .  How( 

t i o n  ~my be  o b t a l n c d .  

C~roager* also sets up an oqua%ion for the llne of average 

* W. P. C~eager - Ensineerln~ ~ar MasSy DamsD pp,i I05~Ii0 
tlon) p 1917 . . . . .  

velocity, usin~ reversed a~ 

feet upst~e~n fron the face 

llne 0.251 feet above the ~ 

equation is: 32x , y,2= 2.7 -, 

of the shape for a one-foot head, Scime~i s 

given by 0refer locdtes a line ~hich will fall below even the lower 

surface if continued far enough. Croager, however, recommends meting 

the cu~ve further upward. 

Scimenl establishes an equation for a portion of the l~or 

surface beyond x = ~,.30. The coordinate system is the same as that 

used by Pazin and adopted for use in the analysis o1" experiments by 
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this bureau. Sclmenl,s equntlon is as follows: ..... 
2 

Y = (x - 0.i0} - O,Or~2x -~0.186 .... 'for x ".. 0.50 
1;55 

f-~, 
This equation 31so "~om 

is most important ~o~desi.~n of 

R. R. R~udolph, Assls 

Zone, has deduced an equation as follows: 

Y " ,523 !r "~'~B2 

The center of coorSinatcs is taken at tho~hi 

lower su~fe co. : 

'mother e~pirlc;~l equation of the same type 

voioped independently by H. L. Davis. Ass£atan~ m,~-~.. 

; o f  

7 

y " 0.485 H "8-- x 

The eq uctlon ap_~roxinately simulates the lower :sur 

venlent to use. 

8 , ; ' ,  . 

~this bU" 

C U S  

There oxlsts, no doubt, a ratlonal equation for ~;s] 

of nappe of an ideal fluid. Lsmb ~ derives aBet of parametric e~ua 

" :q. Lamb - Hydro~vnanlcs, p. 91 (Sth Editlon, ~i@2~), 

|, 

t t o n s  fOr t h o  shape of the surface of~a . J o t  issuing f roxn  n sharp- 

e~d orifice. Gravity was neglected. Th~ equations a r e  as follows: 
4b 2 i• 

X " -- 81n :s 

Y "  r r L .  



The x-axle is t~k~n coincldont wlth.%he u 

plate ~d the y-axle ;,c nornul"to ~! n ~o pl~ 

orifice. 2b is the finsl width of th~ .t. 

tOO O~ :fLu or 

with the follovrlnL rcl~Zion : 

~hero t varioz :fr~m -i to.O. 

if the abovo equations ibc modified ~ 

forcm of .~ravity hmnoscd, it ~ prob .ble that ~ 

rained :,hlch woul~i deflnc the lo~cr surf,,ce fairl 

ing equations are ~%won as 

has been reversed %o correspond %0 

C sol 

); r,- 

x = A [ io~ ton. (~I 71" 

The constants A, B:and C .~'.:ould be do" 

However, the expression is me fOri:practic~l uze. The :lizited 

time allowed for +.he ar~lysis of results h~s:not permitted the above ~ 

equatlon~ %0 be invest~ oug~hlM, ivalue asill ~' 

probably have to :~e ta::en at qui%e a distance fro=.~ the cros~. 

hoped that s~e rational equation may be developed for the lower sur~ 

face of the nappe. .L: equation h~e two advantages: 

(ii A verification :of the ex~erlmental curve. 

(2) An analy~Ica! geometrical tool for dete~llnlng the point of 

tamgency to the straight s l o p e  o f  the do~Tnstre~m face o f  

t h e  o v o r f l o w  deu,:. 
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In ro,,a.d t "  -. "- t}:e lattCr 

w i t h  t o  :," 1,:'~y be doto~.-nin, 

t!ve equated tc the-value.of.sloP e -'des 
dinates of the ~o ~-~ ~n. OF ta 

..I:Inor Effects" 

feet UpOn :~;~e shnn~ r,~ ~, 
to:~heposs 

Harris. considers .a i moleculam correction for 

C. ,"I. Ii~u'rls - ".%n A,ua- 
.'70 irs" - "'.: ...... ~.,_v. os ,,ash 
No. ~ . i~2";. 

at low heads. 
"o.:e roco~aonds addit ire sol ....... ~u-uc c~ons 

cace the c~T~uted~coeffi,:it been c°n- I 

eluded that t'.e r~olcculur c 

He mentions tl,at tn~ area o ~ • 
. . . .  t n e ~ n a p p o  . : a f f u c t o d  a t  l ow.  

tests perfon:od by ";,h- bua.eeu do:not :show .~u~ aP_m'oclabio dovi.~tion 

frc~ the law of sL::illcudo of:shape ~for heads as ,io~ - - 
i 

It is possible tha~ there may:bo a slight :ch~ng~ in 

ont heads duo to %he~failuro~of stu.faco tension to Tollow ~heilaw of : 

similitude. This effect, ~hol~vor,., has been considered negligible. 

P T h e r e f o r e  it ~aens r e c ~ o n a b 2 ~  t o  assume t h u t  t h e  base cu rvo , fo r ! -no~I_  

llglblo velocity of approach would apply to much ~roater hoad~ thmn 

those ~a~uU'ud. 
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•%.g gated. Several ~unteste~ aseu~, o 

2.5 feet belo~ the ~rest ,for a a 

elde~ed tobe the :a~e as tore ~po 

of a stationary %hln plate:In a at', 

* a .  i~oasen - " V e l o c i t L , , D i e t r i b u t i o n  :~ln t h e  
Pla~- - ~at. :Adv. -~i~mnm. of::'Aeronautlcs 

e 
, ! 

d r a g  f o r e s  was u s e d .  

u t e d  P a r a b o l l o a i 1 3 , ,  

.~he force of :air dru~ ~upon ~the shape has, also been ~Invest I- , 

| ,,, 

"i, / ~ ,: 

e 

above  t h e  p o i n t  i n v e  

t e n s e  end ~or  t h e  1~ 

d e f l e c t  t h e  nappe  ~toward ~:the w e i r  by  an  amoun~ o f  ~.0 

a s s u m p t i o n  c o n s i d e r s  no : a i r  d r a g  ~forco on ~the ~ 'opposl te  ~s lde .  

matter of fact the air on ~tb 

l a r g e  e d d y  so  t h a t  t h e  .drag 

effect of air dra S ~as conel~erod 'to be :of ~an order 

be n e g l e c t e d .  

C c ~ = c t t o n  C U r v e s .  

o f  a p p r o a c h  v e r e  , c o n s % r u s t e d  o n l y  f o r  t h e  l o ~ e r  : s u r f a c e  

8ho~n on Fig. 6o At  t h e  p r e s e n t  t i m e ,  suoh~curves f o r  ! t ~  :~upper , e t a -  

face would have a value for only puwely sclontlflc investlgatlon. 

The p u r p o s e  o f  thAe roseaweh was chlel'~.~ to :deter~t.ne the ihapee ~to 

be u s e d  i n  d e e ~ i n g  o v e r f l o w  c r e a t e .  

S c ~  t h o u g h t  o f  t h e  n a t t ~ e  o f  ~ho  c u r v e s  on FAgt~e 6 a h o t t l d  

0 
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N 

4 

convince one ~}~a7%::~he ahapos ,~-o l o g i c a l .  :As~ithe~ voloc 

is  tncreQsedt  "%ho p~ '~ t tc les  of  ~tho,i : lowcr.s~£uco are 
6 : 8 '  

port ion~ . whero ~th~ . a u r f n c e  .ls~,r~ ~ d  ~ v o r ~ i c a l  

vezoQt~y just back or tho c r o s s . . A s / t ~ o  ~0~wsrd rOrc ! 

d c ~ n a t o  s m o r e  • o v e r  ~t h e  o r  t ~  

: i :  

a p a t h  abo~j  t h a t  w l t h n e ~ l i  :o f .~p~rc  

.oThoro :is  possibly~:nn s~nalTt 
° 

correction curvos beyond tho vlclni . . . . . .  

availablo. Such a r~thod hus not ~t 

the oxisting curves ,e soct 

r a n t  i n  tho  ,'Jo~i~'x of overflow crests. It is hoped tha~ 

da~a may bo ob~einod in tho ~ture. 

,4t  

t y  h 

3n t ~:0"£- 

W 0 8  ", 

"~ f ̧  

/ 

A m 

i • 
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TABLE NO. 2 

SHAPE OF W E I R  N A P P E  
B A S E  C U R V E  D A T A  

0 

- .O'~S 
• . 0 1 5  
'P.061 
°. .1~ 
* . 1 0 4  
* * ~ 0 9  
• e,ll~J 
*eG~L 

*I.I~P 
~ , . ~  
®3.°040 

. . , t ~  
- . 4 . t  
Oo¢,19 
~eaOEI 

*or04 
" 0 1 0 6  
- . a R  
- . 9 6 6  

- l . ~ L e  
- 1 . ~  

es aeemmt 

4 ~ J O  

eoO~F 

'P,Oil4 

- . 0 4 1  gp e q ~ L - ~  

- . l m  *) . . ) .U 
- . 8 ~  * l .q l~ lP 

- 1 . 0 1  * t . i ~  

"1.9~L "SoO~ 
~o at:.les.e 

*.O~4 

,,0.o49t 
-..1.W 
" . o 4 N e  

-8.111 

OOO~l 
.Oo,l.ol~ 
*~kS 

.cNle 
~eO~lb 
- .149 
-.Oe~ 

.~LoaM 

-4.qU~ 
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TABLE NO./3 
SHA 

BA 
PE 

1 . 
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TABLE N O .  4 

U , S :  B U R E A U  : ' .OF 

h= ,1 ov :o= 

ION "FEST:'NO.~a -:. RUN":'NO 

4' ¸~ - . . . . . . . .  .OS. ~ : .,~l :~ ~-- 

• ' " "O ]...'~o ". ) 1'7 "• ,.~24 • ~841 ~" 0'.)~4 ; 

• • e e e n  : 4 ° ~ 1  " '~ io~ -- ,. 31o '~i 0~o 

• .I~ . ,IC,2 , .o04 ~ -. 74v ~o ,~, -.02~ 

-,16~ -- , . u z ~  --:.~ . .- .,.Z9.9 

..IVo -.c~V :: ,~0,~ : -l~OV9 , .~Ib ..Pa~6 

-" ..... i-"~ .-- . ~-,&68? 
.- L~ 0 1 - . ~ C 5  - . . x  .-,I~£. :: t ; S V ,  i . .  , I  ....... . e V 4  

-. 3 ! 5  "'" " -- -.,~, -. -~.;v4-~i ...-l~lls 

I ".3,.."~ 4'.. ~ ? z _ . . B : : : l  . . . . . . .  

• " 3',7 .i .-, .'~,a~:~ .'! ~ g ? 6  : "o'~-~. ~. ~" ' - - o  , .-  ~ " - o  - ~ n ~ a .  ~ ,':.C~ I 

.43., . -.gg4 :: "" '~' "T 

~ " i i 
• .G,).: -- -.£06 :i. ,g,091:i ,-~.6~0 

• . o , ] ~  - -  - , O u , 3  ! : - :  :~ ; * ~  . 4 , 9 8 0  . 4 , 9 8 0  

• 1 i ' : ~'-C : . 5 0 8  . ' n 3  - ! .  "~" , I .  i .,..,.; ~ ?  , ; ~ .7o6  i 

,.8eo - ' . , ' ,  .;,.., -..?~I , ,4.'~-.7 . , 8 . 8 8 8  -~..5V9 

".9.".! -1,S9 .= -Z..97 -I:'.~)4 = - - - -  

O 
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[I R: : ~ N A P P E  . ,: .:.::, 

TABLE-NO., 5.  
L-- 

EXPERI M ENTS OF ~ H.~ BAZI N e ::i 

h i s  o4~;~ l, t  

:LOWER S U R F A C E :  

- P O I N T  1~" ~ : " AICENDtNG D E S C E N D I N G  ! P O I N T  

0 
4 . ) l B  

-014~ 
*.108 

*.1144 
% a 8  

*,14t 

0 t 0 
:%00Q ~ * ' 1 ~  

• ~loe ..4~ 1 

%Ore  
-.004 

° * O U  
- ,OSO 
- .192 

%Tge *.9S6 
~)~OOe 

0 

, , 0 0 3  ¸ :• 

- ;TO0 
,1.~w 

- . .~Oe 

~t.HO 

*aeo Pros® Jh~ 'e .  Club ~" ;~ la4e l ;ds ia ,  lllO&t :~, Z .  pp. 13e to :139 ~ 
os it~e o r u ~ -  .LS4 m t 4 r a  1"or asQeadla~ p o i n t ,  

T 
m 

i f :  

i ~, 



TABhE No. o. 

s~E oF ~±R' 
BASE CID).VE D A T A  , 

~g. S 

• Computed frozu va]uo~, r.lvon in the = r t l e l e  "Sul la l ' o ~ I  
delle vene Trac~menti" E. Sclmeml --I,.'~nerg.ia Elettr~,:a, 
Apri l ,  1930, r. ~J3, 
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TABLE NO..7. 

SHA+I= 
~BA+SE .CU R~E LDATA 

E 

0 

k 

~ : '  I I  J I O *  " ' ~ : 

-1.:J I . - 9 '  

.,T~O ;I ,.49 i:i. ~.g i 

,+ .2  I -""++ . . . .  I ~ +'i,':'-~; 
+.+ I ,.+m + I + , ? . , m ~ +  i 
- • ++ + l l  , ~ P  i " , O " f  • 

.. ,,. I + +.,  ; I  . .  - > 3 +  + 
, O ~ I  + . e +  " : " "  • ; 

• " : • ++,~ 

, . I . 5  I , . , +  • I. , ,  "I ' ) 

I ++.6 1 .'+ I ...I, 
I h "~ I ' _ : ' 9  1 " L'~? 5 + 

"" I ;'" .... + 4 . 5  1 ,.l.! .... .:I , , . 5 0 ,  . ' .  

b.') : i  g,gt': c,3g: : 
u, 

,O 
( 


