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th v • c " " s f: This payer is~on Ti ,i~n' eiDen er:Publi ~ Library. onsi'st 

of the following prlncipal~parts: '~ " ~ : " : .... 

(I) i list of technical .:Pal ~ump.'and~re.lated : 

hydrauli c phenomena. . ..:!i- : - ~ :: ' ~:~ ..... /..i.:i " =: -. " ...... ': - 

(2) Chapter I, Introductory, ";describing :-:the .rolatlj0n~iof this .paperl 

 omu to previous works on the p an ~on :al ce~gato, fscharg e. 

sslon .of  ...... t (3) Chapter II. A dlscu the 'theOry 0f. he..;JumI~,~..sho g ...,,,: .. 

the derivation of the :p incipal :formuiao connected ,.width ~:i,%,: .- .... ~.,.:.. ).":' :i .i~!.: 

(4) Chanter III. A ~•descrlpti0n ~~f :•:th~•,oxperlmontal ~equi~nt::.usod i:i.: . ~:! I. 

4 

in the work whlch.the .pal~r presonts.~.: ::' . .. : ii~i::~i ~"~:. ,-- I 
~ . •. ~I ~ ~;. "-.-::~i::%. ! ~ :-• :. ••- ~• ~: !i ."~ '~ " .... 

(5) Chapter IV. '. " " • " ' ... . :~ .... .": :" ~ - , " 
. . .  doscrzptlon ~Of :the .oxyorzmonts ~made and the re, 

suits deducsd from them. - ' -" .:-::~. .... "-- ..~ ~ 

(6) A summary of the :principal.-conclusi0n s roached:, ~-~. " ' 

(7) An appendix of .7 tables " " " '" " " " " " ' - • :g.,.,vzng •detam,l measurement s of. ~a ~n~nmbmr 

':7 ,•" ,'" 
of typical experiments of" each "class presented ~in the paper. ~ ..<:~o':'?'" - " 

(8) A short biographyof..the author.. -' 

Chapters Ill and iV.and the :summa=y..only !havo.ibeen translated .... 

Chapter II was not translated principal,ly ~becaus0 :,the;_: theory is~.pre- 

sented in this work much in the .same forum that"it ~6'~eresen~d in the 

"Hydraulics of Open Chmmols" by!Baknmtoff. 

The work appoa~s valuable for the followin~ features:- 

(1) It follows the theory of conservation of momentum in the Jump I 

to its logical conclusion, namely that the momentum at every section 

of a Jump is equal to the initial momentum and ~hat from this relation 



the height of the ;jJump at ~any• point Joan !be 'ccmpute'~i.i:~He ~1~esen•ts • 

experimental verification of J this theorem. 

this theorem is that ithe Jump~,is divided 

stream and atop roll',cover,".:Jin the 

turn equation, ho hydrostatic:press 

depth of the section, but the marne 

of the main stream only~as:the to~ 

effect. . . . . .  

(~) He showsth~ necossityfor~a,.g 

7 Y.. ;'" "'-. 

, <  

"' , . 2  

• . k, 

i / 

. . . .  ;Z.:," 
• .z 

that a Jump may de velop.and;;i ;ires ~a ,fo~la £or ,iJ~Stimati 

of J n a 

(3) HO covers the ,situatlon'!;whoro iia,~!ijump :in!i~ronf ot 
- >;; .... ...... : ..... 

is partially drowned,by:back :!:war0=-,. ~v~S~opingi~a, ifOrmuia for ~the 

relat i on between the rai so :in itailwator ;in ihoa:dwator 

in consequence of this drowninc effect. -. This ~.is Y.the :-,gap :bot~on ~,fre, 

discharge from an : orifice and -submerged eriffce :~'discharge :h£tho~to 

s ide sZopped in :American h ~ r a u l i c  literatur'O:;: 

later 
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O~tAPTE~ I I I  

~ ~ ~ 1 ~ r ~ ~ ~ ~ ~  a 1 ~ . . . . . . .  

I . ~ I I ~ I ~ I d ~ ~ ~ ~ ~ ~I~ " ~ I~i ~P ~ ~ " I I I ~ I 

~)/~ic Lahol~tory o~ tho ')vEi(~onoBBic~onToC~liBcholi Hoch~shulo" 

( l ~ e r a L I n s t i t u t o  oC Tochnology) of lana l Tho f i u ~  

~. 0 motors •-Wide,'- _ :high. i~:Tho sides 
.... IC '- .... 

a1~ roads of glass. ~o Figuro i0. The sot-up:is such that tho:bottom -~ 

o f  ~ h o  f l u m o  m a y  b e  B i v o n  a n y  d o s i r o d  s l o p e  b u t  t h o ,  o x p o r i m o n t s  ~ e i n  , : -  

d~scribod w e t s  all made with a horizontal l!bOttoz. /: ,:.:- 

. . . . . .  < . - 

. ~ator was admitted to tho f l u m o ' ~ o v o r  ~ wolf withoutside . 

. </~,i ~ 
¢ o ~ t r a g t i o n s .  Tho w o i r  s o r v o d  a ! s o  t o  m o a s t l r O l ; t h o % f l o w ,  ! ~ ) )  w i ~ h  , ,~ 

c~est was 199 m.m. abo.ve tho bottom of the ~>cat~a!:o$1dl:,~sLiaerated ;by 

u • " - - - '  

The :hm~d on the w~ir ~s:~l~asur(~d wi~h'a ~hook:,ga&~ :set #'U~ 'r in J '  :~ 

e~ So the~ sur~s in tho stilling ~-~ell m~ybo deprived. . . . . . .  ,, i 

Tho :~o i r  ~ s  c a r e f u l l y  c e t i b r a t o d  b y  tho uso  o f  a ~ank. A 

s p e c i a l  f l~me po rm i t tod  o f  d i Y o r t i n g  t.~o ~ t o r  auddonly i n t o  Qn'd 

f~om t l ~  te.,tk. Tho runs woro of  about 1000 eoconds duration-~, Time 

m a e m ~ s u r o d  ~ i t h  a stop watch .  A qu ie t  wa te r  sur face above tho w o i r  
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was obtained by .sottlnc up a series of baf£1e Platos-;botween the .,-zoir 

and the supply;pipe. ' ~ 

For the exporlmonts hoi'oin doscribcd a ~sluice"igato ~Was .:con- 

stznzctod about in the middle of the ;flume. The gate .)leaf:was :s:nooth:~i;: 

and flat and without guides so that :no ,szde. contractzons:wero ~produced. 
~. ,.~ ....... ; ' ~r . • . . ~''. ~ , - . 

The gate was.:, fastened-'toths ..top of :.the Tlumo ~and couid ibo sot .at ~any. :~'1~_ • :: '~ 

desired height above the flume .rfloor,. The :30ints~bel 

leaf and sides o£ the f!umo wore stopped ps:~v~zich'.wero /.~: 

f ' . ' . cut off slightly above .th0 top.o, _-:the .~oottom edge:of .the gate :so:that-/ ,,: 

they did not Interforo ,with •tho:stream :flow. ~,,Tho •~nall. :icracks i bolow' 

the tape •strips wore~saalod w~th':.~[ ~: ~: " ; " .i~ ,. 

" :I, - ..... -. ., :•T !:! :. /., :.. 
Wator surfaco olovution could bo imeasurod ~:with !.a.coordinat--- , - 

ograph whi ch could covmr ,any Ipoint of":the flume, and wliiCh "'~Ns"~ ~raduat,d ~ :!. 

to 0.i m.m. Pipes for a pitot :itub0?worc!also~fastened r~.to":;tho.:cO- ~ . 

ordinatograph carriagoo Figures i0-13 :show ,tho:ontiro set-up,i: 

Most of the experiments were conducted with ithe;=l 

lead. For experiments with .a pool, wooden ~?blocks-.which.2could:,~be' .~;:; 

fastened to ~the :f.lume bottom ~.wore :used. Theme r : ~ .  ~ e  'in ;sections ~,:~' 

so that a variable length ~of 'level pooZ bottom ..could be ~obtained ;by '" : 

inse2~tin~ flat pieces .between the faIlinN and,rising-pieces,which ~ 

gave the puol effect. See :Figure.,i9. 

P,. Y_elocit 7 Mea .sm_Lreme_ nts .b_y Hee~, s of Pitot ~.~bea. 

To determine the velocities of the top rolls a pitot tube 

-2- 
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was :used. ,It permlttod moasuro~:onts ~iin ~:vory :,shal-low:wator:wlthout .!~ 

observable dlstu~'be~co~ of :the ~ ~' ~ 

. Rieaud : of ~Toulouso ~Con~duc~od ~scmo. experimen~ 

pitot tube which gav~ velocity va~.uos !to ~ho~di ~ 

computed iacoordlng ~o ;tho ~formula -~V ~=~ ~ ~2gH ~'~ i(whoro ~H i~s 

duced by a screon gavo:a valuo~of ( 

The top roll is c~parativoly~,turbulont 

arises whether serious error .~II bo~do 

To dote~mllno the ~propor value ~o /ii!ii~!~ii 

orous ~xporimont s ~::oro ~.mado ~,~ith '~various ~/conditions !/0f ~turbulont ~ ~fl0w ~ 

both rapid and tranquil. :First ~tho ~pito~~,tubo ~of ~.thol,f0r~.~sho.wn.i.:In-~ ..... 

Figure 14 ~as.usod. This ~for~was ~sho~n-;to-~havo~a~ oeffic~ent,:of~.~l.0 

r 

.,~as developed at ~tho i Borlin Hydraulic ~andi~arinO,:~.~Tooriment ;:Station. ~-~ 
• .... :"~i • .~ 

In those measurements ~tho formcr type Tas :2erred ~o,boi, moro"~satis~ • i ..... " , ~:j 

factory but both t~q0os-gavo practically :the ~samo -results. . ~:.; .... ;~_,i:i 

The coefficient k,:was calmtlatod~from.an :c..qua~ion, on~ :sldo -":::, 

of .'~hich contained the discharge computed:,fro,m ~ho~woir:measuromonts " ....... 

and the other aide of which cc~air.od the measured velocities. 
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Rapid flo~: was o b t a i n e d  o i t h o r : : b y . g i v i n g  : . tho , ) f lumo. :a - s toop  .~>~,,.:.:. 

gradicnt o~' by' ,tho "use o f  the  sluice '.#.ato.,...,}:In<%ho , ~ } . O f i t r ~ n q u i : i "  

in tho flumm; (e) fn. 'a  norm~l  :: f l o w  in ,thO:•~fiumo.:fmmodlatoly::bolow,ia: 

The table also ~ shows ~thit ::~for ~rapi'd ~flo~; :~r6dU~od :b~ ~ZhO ': ! : ~::/. 

use of ~he,'.'<sluico gate .the ~valuo Of:i 0 ~ 9 4  o-~i 

I t  a l s o  ~ho,~s t h a t  in~. tho>,~oct i6ns-  ' :noarer".~.~ho~ -- 
7 

" - ' - "  . .  i .  " , . . ' , <  : , . < ,  . . ,  , : .  . -  : ' .  " " 

higj~or, in other ~ords that ;the ~urbulonco :incroasoc;.proco~ing ' d o ~ -  
i 

• v " - " " 

stream. The more distant soctions_show~a .ver~ 

of 0.96. In rapid flo:7 PrOducod~by'ti~ting,tho,flura¢ 'Outid!,i ::::! 

t o  be 0.97. . . . .  . ,  :- : ": i : : - : .  . :- . ::- . , - . ' -  

For t r a n q u i l ,  f l o n  :tl~o ,.'.:coofficiont:.::.,is P r a c t i c a l l y i - c o n s ~ t :  " '" 

In the case ~.of:the ::flo~ ~.tb_zough!:ia4trash:~rack :or ;screeni~hc ~: 

turbulence immodiatoly:downstroam from.the'~obstraction~,~,as!<markod !:and: 

the coefficient fell to 0.7 o. This?va~uo r o s o : . l ; o . O ~ g o q  ions . . . .  

further do;?nstrea~ from:the rack and~:~it was concluded i!~hat ii : / tu ]~ )  : . . . .  

observations cannot:be depended or. for~obsorvations:mado at points ? i! 

near such obstm~ctions. 

In the case of a Julep uith a top roll flow conditions azo 

varied 8r~d the princip~ may be o~ablished that one ~luo of the 

coefficient for the pitot tube observations ,hill not give absolutely 

o - 4 -  



corroct rosults. Becauso of tho 'incroaso of ' " .. 

tion of flow it is deSirablo ::touso~a",,varlabl 

computation of volocitios~,butibecauso,'it, .-.as &impossihlo ~,to ~do,~.vo.~a, ~: 

rolation botwoon ths value o~ tho :cocff.lciont~andf'distanco~:of.~,the ~ .... ~" 

' ' ' " tJ 

obsorvatlon'belo~ the gato, which~'..~as~:.consts~nt ~forittho;~various~~x ~ - 

porimont s, this " , ~ ~finomcnt. had :~::to ~bo <'aba/~donod ~ ~d 

t h o  e r r o r s  r o s u l t i n £  , f r o m  : t h o ~ . a b o v e . ~ - a s s u m P t i O n :  . ~ a y ~ t h o n i b o  ~i+. iS.0%:. .r :J:  :: ! : : 

but this is not boliovod:of;mufficiont, : ~ 

tho principal conclusio,,s'ireac~od.,, .-": ' " 

J" . - / ,  ::! 

: :~ i !~i ̧ r ,  i: i~ ~ ii!i ~ i~i ,̧~ 

L b  " : .  

. k  _ 

- 5 -  
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A~ = 1.34 I ~  .ill 
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~ I ~ B  ON ~ .  _H~_ ULIO : .~.,~0 TOP..ROLL, .A~D • .~ 

Part 1 .  Tho LonA~,h of:t,~, H,ydrau!Ip',.'~p., - .  ~ i ' .... 

The ohan~o fTom,,~apid t o  :tranquil; f l e w  : requires :;,a ' ,definite 
~- ~ . ~  -. , .  . 

Lor.~h. of c~u-mol tho semo as ,~ i~~qu~d~ in  ~ a ~.e,~B.0 ~.! ;~: t ranq~-I  ~te 

r a p i d  f i e .  d e s p i t e ,  t h e  s u d d e n  uo.~d v i o l e n t  ; n a t u r e  o~ L t ~  p h c n ~ ,  

In  many c a s e s  a v~ry  c o n s i d e r a b l ~  " length  :~is n e c e s s a r y ,  ..~ItiiaJ~p0~- .! 

t a n t  ~o o b s e r v e  t h e  ~ a c t s  c o n n o o t o d w i t h . ~ t h i s  ! n a ! b e e a u s o ,  t ' .  

t o ,  i n  ~ork c o n n o c t e d ~ i t h  ; t h e  Jump, .!it~.has~:boen ~usual  ~to ::cons£dor'~itr. '.; '~r "1 ~ ~ 
I " • " , ,  s. 

as a vertical ri~o at ;the point -, of ,llntmrsoction of the r.~"O~[~(3'~i'v'O . . . .  '." 
i . . . . .  

pro ssuro-momontum curve s '~ for rapid .i flo;'l:' ~d tro-'~qull ~io~, ~plo~tod ':~~ 

frum the low and high stags aldas : of :.the =Junp :as shown ~in ,:Figure i:i16. 

I n  such  c o n s i d o r a t i m ~ . ~  of ' ; t ho  o r s b i o t a i t  ' i s . a l s o  nocossary,~.~O.idmtor " .~i .;':,:~o. 

mtno the elevation of ~'.the -~lowos~ :: point iiln!~he b0ttom"-~de.so " i t ~ t ,  ~r ~ ::/ ..... i~ I 

for the gz~m est dischar~e.Lth~,~pth/o~ :the C:tr~nquil :flowiland.:the " .,~: 

rapid flow are in the agreementi'predi~atsd by~.e.quation~(6).~Saa p~ .~J~ i 

The numerous experiments made fin,connection with,;tho . . . .  i',pr@- . ,~ 

.~ation of this pal~r as~ll as theses'sT so~mral,,ea~ler i n~s t i - . . . .  

gaters shew that ~tho Jump does not occur~'i~ itho ~fo~ of ~a ertioal ~: ! " ; 

rise at one point but that ,it l~qtlires.ra dofi:~ito distance,for its . " 

acccrapllahmont. This length doponds .. on the ;water depth "beToro snd, 

a f t e r  t h e  Jump aud upon the  h e i g h t  e f  t h e  Jump. The p h o t o g r a p h s  o f  ] 

Figure l? show sovcral of many observed Jmnps. They show cloa~ly 

that the lom~th of the Jump is several times its hoig~ht. 
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To demonstrate definite relations :botToon the length ar.d 

b " , hci~It of the Jmnp a series oI o>~q0ori.uonts wasz~ado ,.vnrYing the~quan-, / :: 

tlty and tho water doptPs above and~bol~w ~tho ~ump. :In":those oxpori- i '!'i}'~ 

monts the water surface cur~ of:tho~ontlre ,:Jump,was~moasurod',~itha i 

pointed gage. Because of the fluctuations :~initho :~ir~ace ithe:mnxi- ~ 

• ~.'=l and mnlmun e l e v a t i o n s : a t  o a c h : p o t n t . ~ - o r o ' d o t o ~ t n o d ,  iROsu i ts  '~wmro " " 

p l o t t e d  t o  a d i s t o r t e d  scale to : o b t a i n ,  c l o s c : o a t L m a t o s ~ o f  the  l e n g t h s ;  
/ 2 :  - :: ' 

Table II shows several series o 'measurements.' iTho~ table ::also~:!shows :~ 

the ratios (i) of ,water d~hs ?bolo~ and above the ::Jump~:, :'(S) 

of length of Jump "dlvidod by haisht of ~Jump/~ ; :Ptotting :: 

t.hoso ratios as abscissae end ordi'ilates:rrOS~ ... points~are : 

established for each Junp as :shown in: I~i~I~:18. A~i~avorago line 

through ~;hoso points is straight a~di~has thc foliowlug :equation: "i! 

~ =  (8 - O.05h__. 2) : i(h2._/:hi): ,~, . . . . . .  '2 - ~ (,10) I: ':!~::' 
• 2 1  

For kno.~u doptl:s of flow,boforo,un'diaftor:tho ~,,Junp"thts i~i~ 
' t~ • - 

o q u a t i o ~  glvos thc longth of ~ho J~mp. :Ira :Jt~mp is :to,occur~,at a ':{ 

givcn location, say in t h e  pool:bolo.~ a,drop, for :;instance ; it iis ' ': )' 

• necessary that the horizontal distance :between ~falling and ri~ing :i 

bottom grades harm a definite rlinim.un length. ' ~'] 

An a r r a n g e m e n t  such a n " i s  s h o . ~ . ~ i n  F i g u r e : i l 6 w i l l . i n o t . ~ p r o -  c :~:~i? 

duco a jump ar.d t.ho rapid flow sta~ ~Til]. ;persist throu gth, i:i 

The Jump ~ill occur further dorrnstroam at tl~o point :where frlction 

r.ill have reduced the low stage velocity and increased ~ho water depth I 

so that a bala~co of the prossuro-mo:~ontum quantitlos of rapid and i! 

~ranquil flo~s exists. Such conditions r~ay cause scour of the charmel i 

-7- 
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bottom and ondanger structuro ~foundations. 

• To dcmonstrato that the production ofa Jtuup ~:requirms/a ~ ~: 

doflnito long~h a n~bor of oxporimonts :~re mado:Tti,th~a!modoli~that L) ~, 

h,,d a dropped bottom grado; i.o., a ,pool. :~ The;model ~TtaS !so ,:oonst~o~:: ::i ~ 

~od that tho pool could be ,lengthenad~as deslrod :I horl- 

zontal piocos botween the falling and ~risinE ~bottc~grades. i , " :!:, 
• ,. j- - 

Tablo III hore~.ith '~ :'~'~ 

; 

TABLE III : 

Observations ~of Jumps in Pool_- ~ 

Observed Hol'fz. ! ' ! Accord- ' 

• Pieces i ing,- o{ 
Inserted;i " ~ ' " . 

Theor~.i :h 2 ! ' ~i i N i ~in : ~ EquaLtion i 
:(h2:" ;hi! ) ...... 

i 20 !.02 8.42 ,, 60 , ~; :8.,10 ii 8.25/ 7.40 ::56 :i 

: " 1.33 7.18 80 1 7.20 5.40 5.85 45 ...... 

" 1 ' i 
3 N 1.57 10.85 . 80~ 10.901 ,7.92' 91.48 'Y2 ~ 

4 " 1.5o lO.~ I 6o! lO.:as~ ,o.8o: :~s.7o ~ ! 

5 " 1.57 9.95 i ) : :i .... :' j 6 o !  1o.oo6.~3 '~ 8~:~ ~ o,~il 

! 

7 ~' 2.~ 12.e5 ao ~ 13.oo ~ 5,14: lo.a5 8o ::II 

8 " 3.32 ii.00 80 ii.00 3'.42 7.78 61 

9 80 4,19 15.25 i00 15.60 3.64 11.06 86 

10 " 4.61 14.49 80 I~.60 2.93 9.88 77 

ii I00 5.42 16.90 100 16.88 3.12 ii. 48 90 

12 120 6.30 18.60 100 .18.65 .2..95 _ 12.30 96 
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gives the results of 12 oxporl~..onts ~provi1~ that t'hc..~iongth of '.the .... 

" bet f rm~la horizontal insertion must hat -givoz~ by ' 
0 I0. ' ' ": ~ ~ 

o..porimonts the..depth ~of. :~he ..rapid f l ow stream 

was first measured, Then back rWator-:prossur 0 .~was ~r~produce.d !by~noans 

of a sluice gate at the lOwor.end..o 

calculations cc~ding to oquation~i(6) -~indicatod~~.as~nocessary :to ...... 

produco.a Jump. If a s~flclont length,of/horizontal !insertion ,was 

in place in the pool bott~n s]mmP~:did occur,, but ~other~isei~!n~tl, ' 

In experiments r, horo tho back water  was!ilfirst ~bui~it Up:to tho ..point 

whore a to~ roll would occur urmor ordinary : :  " ~:~ " " ~ 

~as lowered sliFhtly (but "Still -not below !the normal'-!h:igh' stage), 

tho top roll s~zd ~u~Ip would disappear .~n~a~dOfinite .length.:'of %imo. ..-:-!~i. 

The rapid flow ~tor depth also incroasod~ andla Ju~p~was formed delta, L 

stromu from the pool on the hither ~botto~:grade. /i .... :~ ........ 

Tho photo graphs, of. Figuro 19, show~the .water isurfac~ ~in .¢ ho ...~ ~ .:.. 

'pool for vo.rfous Ioz~ths of insertion~but ,-tith LUt,':discharge ~aud- .::.~.:~.: 

water stages above and below' t h e  £iret case where the.drop and : 

rise of bottom ~grade were.made =Wlthout ;the insertion of.a stretch,of.- 
" : . :". ' . !7: ,. : 

level pool bottom, as well as-in the .second-case.~here.,%he ineertion :" 

~zB too short, no Jum~p was observable, although conditions_:for a , 

Jump were propitious according to equation (6). In the third case 

the insertion, was of sufficient length and a Jump was formed. ~The 

w~.ter surfaces in the experiments shown in photographs, Figure 19a, 

as determined by hook gage measurements are shown to scale in Figures 

20-22. 



. . r / , . .  " • " ] , : ' , . ~  , ,  - . . . ; , - ,  ~ . . , ,  , . .~.,~ . .  . 

, ' : ' i - . 'r '  '"'] 4'. ,-':'~'/~ 

~(-L~-13~2 

, ..,,.,~ . ; . . _  , _  - ; ,  . 

. . . . . .  ~'J " " = ' f d  ~ ,  
~' " :  ~ ' - -~  i I - " ! [ 1 ~ : ' 7 7 1  ~ ~ :i'~. ~ " ~ 1  ~,u~., ' :" 

- . . ~ C l ~  I ~ : : ~  . . . . . . .  " ' - -  ~ • . . . . .  ~ l ~  ~ "  ~ ' Z ; .  

~ : '  i ~ ' :  . . . . . .  ' "  ! ' " ' :  ! ......... ':::'~' ' ~ ' - - ~ "  ° ' '  ":'~ 

' "  : 1  . : . ~ T ' ,  , : '1 - ~ . . , , ~  ~ .  _ . _ .  . 

= , , 1  ~ , ~ - 1 ~ -  ~ , , ~ : ,  ~:.i~ ~. 

" [ " 

/ "  



, 

In fixing the dimension,s Of :a :pool i! thoro ~are ! t w o ' ~ a l t e ~ n a t i ' ~ s ~ : . . ~ !  
= h  . 

(I) The J~mP can .be p e r m i t t e d  : t o  occur {in ,tho!ie(.~ 

t.hls cas~ :proper tranquil flo~r r~tOr:dopth~,m'd 

level charu-~ol are necessary. ': (2) A ibaek proseu: 

b e  produced by lowering the :pool. , : ~ o " , f ' ~ r s ~  ~ :~  

o f  6 T e a r e r  v o l u m e ,  t h e  . o t h e r ,  

solution will be determined by other~considerat: 

lity or cost. ~,~:- - ' 

The length, of =~ho pool ,cm~ ?be ~ixod :b 

(i0). In the event 

after considering the greatest '~pos~blo~'depth 

• resort to flov: obstxnlctions ofi~sor~i~kind, ~such 

blocks or  the dentated si~l l  do~ioP@d~byRohboek.  ~Euch:;'a~'~solutlon"::::" :; 
A 

a drop problem should b e  doveloped ibyc~riments£' ,,,.,-,:~, , .. 

• P a r t  2 .  I n v e s t i g a t i o n  , o f  : , t he  ~Top  ~ R o I . 1 .  ::!.-ill :- " : ~:' " ' ; " ~ r : '  :" :"~L'," ~':'~'~'~"~ 4~1'":~" ~4" " 

m O - ~ F  Roll. " " " '  ::!'::~- ' :  , , . ,  <r ,:i':' '::'~ ~'::- -,:'!:" A" T h e  F r e e  

I ~  c o n s e q u e n c e  of ; t h e  i n ~ s t i ~ a t i o g ' . o f . l i t h ; " i h ~ u l i c  ,.~J~::::::.~: : i : . :  

especially from the viewpoint :of t 

section of a stream the quantity, stati.c pressure.. .~+~: ~is !e~ ~:eonertant, -!:L~ 

the conclusion is roached that th'o;equation oxprossingithis~.theory 

can be usefully applied to :sections in a Jump. To ~aina better under-- 

st~ding of those ~latlons the fo!lo.~.Lng explanation ahDuld~be :made . . . . . .  
i 

c o n c r e t e  b y  s o l v i n g  t h e  f o r m u l a e  1"or d e f i n i t e  q u s m t i t i o ~ .  I n  l i g n i t e  

23 ~ro given as curvet the vuluos (i) static pressure, (2) ~ , and 
° g 
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(3) their stun for various valuosof v,a'~or depth h, for the qumltity 

of 1 cubic meter per second over a ,.~idth of ilmo'tor; or:as~usually 

expressed l~.~/S.~:.l" This sum is thc ~ao-callod :pressure-momentum 

curve (tho~litmral tra-nslation of t i i i~ 
• 110 Gorman:~namo of this:cur~vo,'i.o., 

"Stutzkraftku~rvo. is "push'strength curve,, ). Figure 24~is i~tho ~pro- 
u 

file of a Jump to ;;hlch the quantities~of ~iguro 125 can be :appliC~d~,by 

pro]~r transferm~tlon. ,~ expression ..of the/prossuro-~1omontum :.rela- 

tlon of a Jump in an~ equation is !as feller;s, ~i~.-~l~ore/h I :and!h 2 are ,~.tho 

water depths before and after the um a n d  : ~ - ,  . .  . i. . ~ ,~,~: 
:J, P: .~-~,is~weight ~of ~liquld.~ ..... .-~ 

h2~ 2"~ ^< .... . • Y ' "2_ ":'vl =:Y • ~ + .... v~.::~ ,, " 

C o n s i d e r  a .  s o  c t i  o n  d o . ' . a s t r o a m / f r o m  ':~hl~ . w i t h ~ :  a i ~ m a i n  

water depth h hichis slightly lCssthanthO critical,dep~ 
-. ,e 

pressuro-Inomontmn ~quantitieS i. o ..... i re the value of the f r~th S point/a 

taken fron diagram Figure 23 obviously they wi:~l ii6e~i~less' 
~han at ~tho 

value for h I and the equality of tho prossuro.r_o~ntum r61ations : 

Will be upset. If, however, the momentum part iof the equation be " '~. 

picked fr~ the mor.~nt,,m curve of Fi@iroi~23 ~for ~tho ,n 

. - , . . , ,  ,,:: " : <  . 

end the hydrostatic pressure part .be plckod:ifrom the hydrostatic 

pressure curve so that the sum of thc tr, o is qual to the pressure- 

moraontum quantity at h I it will be found that the :depthJat~'which ~this 

quantity occurs on the pressure curve is the depth that experiment 

indicates is the total water depth at section h I In other words 

to preserve the Pressur~-~.omontt~n relation the mor:entum value for a 

particular point is cer~puted fron the velocity of the main stream 

but the hydroztatic pressure is "om~uted /'ram.. the depth of the main 



stream + top roll. This , : P r o s e n t s . ~ a , ~ p : [ e t u r o  of::'contin~ty.~in:itl~o.:JUral: ) : - : /  

H 

.nh~re  h l t h o r t o  t h o  n o t i ' o n  9 o f - d f a c o n t i n u i t y ; . a t  < t h c . : c r i : t i m a l  -- 

v a i l e d  ~ ~ • -~': ~': ," ,~. , , ' ~ "  ,::,,:' 

To make .the d o n o n a t  r a t i o n  .~: con c r e t e  ,. c o n s i d e r  ' h e  ..ij ump.;sho.~.: .:': .:/:~ i:~ 

in Fibre 24. :;:, . .  ~:. " . . .  .. " " " " " :: ' :!,:,:::7~.!::!~ 

' .  c : . . . . . .  , j ,  _ ; 

h I = 1.88 Ga . . . .  : .  . . . . . . . .  . . . . . .  • , , . . :  

= 30 liters por..:soco~d::por:z:e~or:,~i-dt.h,,ofiVc~5/.ol. 

The height of the energy gradiont.-~for~ .us .... 

the voloc,,ty hmad f0r.:a velocity,~v~= ____.__ :..k 
~i,000:X~;O188~: ~ i18.8 :, - ,  :.'. : "  

r ~ t e , ~ s / s i : c o n d  or 1.88 + 1 2 . 0 9  = 14~87 ~ . , , ;  

is 2/3 X 14.87 or 9.91 cm. -,nd ~hc-:dentht.~.a.v:~:~_ ~ ~ ^~... ;~_ :._'._ ,:7:71 ,!~i 

the chart, Fi~iro 25, :the depth n~ist ~,bo ~convortod~Zo ~corrsspond,i~to 

"'"h" on thc chart. Thc.:-corrospondi~_ :h :of::Lthe c :if ,~the ~do~t • " : .-,: 

tu:~ value is 540 Kg.,. The, :corrosponding.lh:of: -.. :~ho-chart ~for::3,47 ~n.~ :' i:i: 

.36o = At this  luo ithc _ o=o .t  i ,,280 :K ,  :,<;+ :: 

prossuro-~ox.~nt~n quantity of 540 :Eg., :"260::Eg. of,-~,essure.:m2st::bo 

furnished by ~ator depth. This ~" • " : :~ .... • ;qtMln ~ it_ y :i S ~foul!d ~. O11 t%bo :; nl~i s l~Irl) . 

curve at h = .725m. The :corrospoildins:,hoig~ht of the iquantity :,tlndsr " : :t: 

discussion is .725 x .0965 = .0700:n; or 7,00 : c r l . . . T h i s  !is ~he i t o t ' a l  ,:: !:~ 

wate'r depth at :the point . . . . . . .  chosen ~d Zho tllih]~,ess o f .  ., the. :to~ rolLl i s ~  : : 

7.00 - 3.47 = 3.53 ~. It r/illbe noticed that thei-nom~ntuin~of :the % " 

top roll is taken as zero. This is Justifiable because the net lonGi- 

tudinal volecity~of the top roll is zero, as shown in figures 31 and 

32. 
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_ : ~ ; i  : ; '  ~ " .~" ; ' " "  - ~ ~ ,  J:%~ , . ~ , ~ . ~ : ~ : : i ~  ~.  

" -~"~ - ' : • !~i  ~'i~, ~ 

~ "  " • • " " - :  - • ~ , ~  ~ 4 ~  - "~.-  ~ , ~ . , ~ C ,  : -~. 

this ..construction .: • ~. ~:..~;.,~. ~ ~,.:...:."-~:: , : j 

The top -'rOll "d s ~'~thus ~meen'~1~-~.be:ai:neces~ ~part ~Of ~a~,~. a~p,: .... . i 

by  v i r t u e  o~ requ ir~ment~ ' :Of :~cont tm/~ ty  ~!tn~the : ~ . p ~ a s u r e - m ~ n = u m  

lat i on. 

• Consider~ 

same concluslon. . ~ ]  

abscisea corresponding ~to/depth~i 

minimum enerzy '!is Teached ~whi:ch : 

of energy than!:that oxist~,ing,~at i 

an accm ssion of :':energy7 ~fron::outw 

mus~ bo in the ~unp.au.d,it .is ~in.:~act ~In~tho 

The • water .! i n ~th o. :top ~.rbll ~' ob v~ousl ~a~ ,~ ,~ ,. -.,...:.~..: ! ~ 

I t  i s c a r r i e d  ; f o r w a r d  a l o n g  ~.tho~ t o n i a c t  :~lino % O t w ~ m {  :~it ;a~ 

e~roam:by the d~gging o~Toct :~of :i~ho:rmin~st~em. %~Iti~,s,i ' " ..... ' 

ward along, the top: by~ ~'r~"" : :T..c ~to tal :result ~is ~e ~sw~ 
~Of = 

There is considerable loss'/onergy:J 'i,~.~i 

It is not possible ~to .:,toll!how itho- ~..:-=~.~ 
" ' ; ~ ; ~ ' : ' - . ' . 3  

divided between the top.:roll :~loss 0.. :.~::~i 
. . . . .  . . . . . . .  •,. :. ,'~%.. : - 

the main stresu~. ~I t see ,~s :probable, however,: Lthat '!~he 71at~er;~iS ~ ~@hi:: ~:.~i 

the 'larger :loss.' " • " .... ' :,. ..... -.=, 

 ust doecribod for .o  r o l l : m y b e  ,: nediai  o:" 
,. , - : " " t i : , ' i  i.: 

top roll (the n~me adopted In :this translation is "free ~!jumIP).:~.t:o 

dostluguish i,t from other forms to be later described. ~ 

Experiments by Y. Einwachtor on Jumps of small energy !lose,~. ~. 
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and hence small Jump, showthat.under_.such circtumstances~a~small • 

ground roll takes the pL.~co,of ;the ~top ~ro iI. ~ This appears i~to :be ~the 

reason for the ~smalLoncrgy loss. 

Be The Moving Top:.Rol~or Bore.. 
" L 

As pz?vl ously st atod, ~.thero .~ are ~ two : condlt i one ~ no co ssary 

for the formation of a Jump: -(i) <the oxlstenco<of::thoii:conju~to ~water 

depths implied by rapid ~n~:tranquil:~flow, .(2),:sufflciont:.?iongth'of 

bottom grade at the proper olovatlon~to~support tranquil-~flow. - ? T h o  ' "' 

cased in ~hi ch the so co-ndi ti on s-;do :~ not .:oxl at.:.!fa ii ~! in .two 'c las~es S (i } 

Class I whore h 2 4- In:which case ithe "rchs~ 

from rapid flow to tranquil flow cam~ot occur, rI2) iClass?2,~here 
.... " " : :  ' : .  ; .  . .  

h2 >- h~12 + V ~  + - 2 v - - i ~ ~  . In ;this c a s o  : - the  transformati0n,!of " 

hydrostatic pressure mom-s,moro than a:chango tln,volocity. ;Additional- 

l y  tho jump b e g i n s  to t r a v e l . u p s t ~ u u - ~ i t h  ::such,:a v e l o c i t y  o f ~ t r a n s -  

lation that the pz~ssuro-moment~m:equation is satisfied. To investi- 

gate the case the equation faust be set,up in~its!:general~form. 

Following the nomenclature of~Fi~-~rro:26. :" ....... " 

w ( h 2  :~. ; .h i ) . v ,2  : : + .. :"v~ ( v 2 " v  1 ): ' " ':~" 
2 2 g g ~g .... ~,g:: . :  : 

(w = velocity of ,trmuslation :of ~tho )Jump,or bore) 

reducing the above ' • ' 

i 

! 

2 2 
v~h2 (v 2 - w) - ~ - hlVlW 
g g g 

. . . . . . . . .  (ll) 

but Vlh I = w(h~ - hl. ) ÷ v2h 2 . . . . . .  (12) 

-i4- 



because Q above tho Jump'must oqual!Q.~bolow ....... " .:i: .:~. ....... " i .... !:" .: - 

÷ ~w)h " ~(v l ~. .... 
or h2 = . ,, + ,, . . .... 

-~" ~ .  , . . . , : :.:~ .. ~, -',.; 

subst itu~ing the last expression ~in - (:II) . 

. . . . . . . .  ~ i < (:vz ":~v~). ' ;-"- ::- " 
~- ;-2 ~ g . . ............ ! :. 

" " :b ':,/:" : 

Equation (I~) nay also be written . . . .  ... : 

= "÷ :J 
Vlhl -V2hl ~w[h2 -:hf) " (h.,.~ -ih~) ~<or :!?~/ ./ ~j:,..?_:~./: 

substitutL~ this in:equation !(IB) : ' 'i~J:~- :: " : 

:.,v-,:+i~w " .., . ,:i .... 

~(h I +~h 2) (h I -!hp~) ::= ~ "~'.:g :(hl:',:h2):!:(~.-!-~7S)~or :: : 
f 

'+ W(Vl +~V2)+ VlV2 -- '(hl-'+?h2)g" " .o•' = 0 "or ' . : " - -~";: 

vl + ",'2 .:+.V~/gl l!.,+:~h2 ':~, .-/,.~T, l h  ) . '.i' .:.: ..ic . 

This is tho oqua~ion:sho~n':by'~Ph. :.Forchholmor ~(Wassorsch~nli:i : :'2) 

und Wassorftunk Leipzig und,:Wion :'1924) for ~.tho ~-volocity~of the~bore. " " 

It is also tho oquation of:th6 "tro.nsiation of..a.:Jtump, :!If~w~ts:nado .... :-.i 

equal to 0,then -: : 

' , l  + % ~,~/eCh~. + : h ~ )  + . C n : ~ 2 ' ~ )  ~- : 

0 = 2 ' : : + ~  ~ " : 2  " , : 4  

v l  + ~','lV~. 2e ) + :. ~ + or : : ' '::: 

_ _  - Vlh 1 2VlV2 = h I + h 2 , but,since in'this case,V2 = " 

2 v I vlh I .2'~lh 1 
h 2 ÷ h I = -- x = • and 

I 
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Thi s e~uatl on ~was ~proviously~. d0ducod,~to }~show ~.tho : : ' . r o l a t ~ i o n  

h 2 - _._. ...... 

".Vhon t h o  boro-- " ' ~ .... ~ " " ' ~'~ .... ~ ii , o r ~  m o v i n g  . ; J u n p ,  r o a o h o  s . , . t h o  :, a l L u i  s o  : 

woir no furthor translatory;m,~ti¢ 

a~poars. Tho ,.-ator ovor ~tho:::top~: 

vt scostty and, turbulonco along!tho !:bordori:zono ! botv.oori:;i:t ~ and':it.~o: main,, :~: 

~" o co ire s ono rgy whl ch ;:koe ps., it ,~ i n :,const ant-, not ion .:, ~,Tlzts ~ no~ £on :. 

is in tho forr..~ of:abig~swlrl'r.lth~.a.horlzontal, ax 
- , ,: ,L.. 

: ' ~ t ' callod a back prossure :-top:roll ~,to~-dist ing~iish-~i :! 

t o p  roll. Undor :thIs-l~tol chsa~gos~;rr~.:rapiO ~o . . . .  - 

tranqui I flow passin~ •,through :critiCal :' tli;:and, of,::cou~so ~ : i . t  ,~.looses 
' . . . . .  . . . 

s h e r r y .  A p a z ~ - o : , : - t h o T  ' " - ' ~ ~ : : * ~ " '  " " ~:onergy :£~s :lost by iinterr.al ~,'f~letlon:~£n,itho - : - • 

Ju.n.p and tho remalndor:~as ~friction;'in:,the , : .  
• - ...j 

main stro~n and~.tho:top-:roll~;-,,-~Th~se~,loss 

klnotic oncrgy to heat,:onorgy., ~2Tho',:~Tator ~i~ d-to.~its /:~: 

swirling motion is 'constantlyi and~rapfdl .. c h n . u ~ : i n  ' " a s ; :  ~ : ,  ~ :~" ~:-':~::~~!""~:~)£ 

by ~ho use of dyos. " " . . . . . .  

C. Tho Backiprossure Top Roll. - 

Tho ",Tator surfaco of thotop roll faust ~satlsfy~,tho,-co,.~ditlons 

onunorated ir tho follo~i-rl~, oxplanatio~. 

The oxistonco of a back pressuro top roll is conditionod upon 

tho oxistcuco of ~ tailwator dopth in oxcess of that which afroe Jump 
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can sustain for the ;';sano. condi,tlons .of. qucntl ty a~i~ ~te. opening cot 

h~, tho tailuat'or,r~ust.~bo ~roater!~it;~"i!'h~. " 

• = ,_ ,,: h& 

7 

/ 

The ~rossuro-~.o:.uentum.'i'equati'or..~ is;applicable ~tO ~;all'~;cssoS ~ 'i!~!ii!,.iijl 

the mozentu~ of Cho~ moving~wa" 

the Jtump. In tho~:ca~ ~oftho 

fled by an increase in.water., 
e 

suro-no..~ont~ equation rmlst ~bi 

Y(hl ,÷ " hi) 
. . -~÷ 

( In thi s ~ paper ~the 

ci~zLnel s and the rolat ions. are ~ writ ton )fc 

m~lt ~ri.de thus  ol imainating ~b, ~.the~,wfdth, . . . .  

W / j .  

In the back pressure !,~top :roll ~,the 

-:'e 

roll increases as the ;tail.water ~depth}h21.~increases.iii"i:~TThe,i, water!i.~..:,~°}i!~i?: 

face beccmes more andmore quiet "~the ,,greater ~:the .Jincrease :in tth~fc~oss.i:!'i22 

of the top roll. The water currents~in thejj(~np~show:~regular,ifflow 0'",i,::i 

end even thouF~ the water in the itop ~roll!is'constantly~beingJrenowe~,,.:../ 

the direction and velocities of the ~,strosL~ilinos ;in-~the~varlou-s;;- -;.. '.'":":~, 

sect lens of the Jump remain tolerably constant.. ~For!!.this~reasoni:a~ i " 

cxact study of the pro ssure-mc~entu~. :relations ;requires.:conslderaticm 

also of the ~nttur, of the top roll (this is in centre-distinction 
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to the considerat ion :el :thc ordinary ~froe Jum~ he7 mementum 

ef the top roll ~is neglected), iFer~!a~roach~between~:two ~;sections :such 

as  shewn in  Ylg%tro 28 ~, the . l n t o g r a t i o n  .Of~tho':p~ossure~d,:mo~ntum 

. , . 'c 9, : 

• :" y (k,~ ' 2 h .+ .y.Eg Vl '+~ '~= ,-:': ..... ' ,I 

In t h i s  equat ion~  q , ,  v I , . a n d  ~V~ are-:;the~'i~auantity,,andi.moan::~vdZocf..tt•esii " .- ": 1 " 

ef the top'41~kroll. :~-"./.~ ;:.i- :":- " :" :~ :" -":" .... -.~ - 

The. soluti en ' of :.thi's.~equatl on..f~or.i-~"-.h I for ,.any,.chesen ~,sOO- -. 

ti en and depth .~Of' the~ main Stz~,.,1'~'will :give :.:the .:....raise !in:~the if:water : 

surface 

~h I " =--.h 

and ~.iso et : the point s of. greater ~'.thicknoss :~ief.~,tho i~i~top~!,roll, ;~.I 

value of the momentum •in !the roll-;!.is~of~i~il::;::value~ --~ ..... - ' , 

pression ~,, 1 , i, • ~:: 
-g tv I . may bo omitted ~.from.::.tho_:abovo.~f . . 

a l w a y s  observab le  and horo~ the '= conponont ,<of ~tho;,mo~ontum~!in ~'t]~o~:dtz~c- 

tion of the main<stream fle:: is:zero. ....... " " ' ": 

TO t o s t  , :equat ion ( l ? )  /expori=onts,-=.wore ;:conducted: . . . .  ~ w i t h , ' ~ v ~ r l . ~ : ' "  " 

ous conditions for '.the £ lov - , th ru  i the, gate, and .with ~varlous ~tall.:~'~ater 

depths. Voloclties wore measured at various-sections,.of=,tho :,tep.-~oll, 

with a pitet tube. Fron thesm ~obsorvations it was al~ays possible :to 

i ~  :~ - : i _ ~ , . - - ~ - . ,  . . / - .  . - . _ 

In tony places, :for ,~ instance ~intthc 'vlicinity<ef i~the.::~te,- , : 
" .:i • ? : " ; " ' .... 

- .7 

!::, 

determine the depth of the m~J.n stream and also the velocities and 

discharge of the tap roll. The water surface at each cross-section 
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was taken to be the r;.oan of the hif$1ost~.~snd lo,'~st position of the . ~.~;i 

surface as observed with a nointod r(ago6 Table I.V shots the 6bsor- / 

vation of several tests. A~comparison is sho..~n bot.~oonobsorvod~!and ~ 

calculated  luos of h --h I +i,Ahl ,  ai eronces *eve 

values of +6.1 and -7.8% and ~aro ~attributsd to<,ox-rors~.~in~asuro.~.,onts. 

Fi_~umss 29 8/id 30 ~depict in profi,lo the divisi0nof nmini• - 

strsanl and top roll and :the variations in-velocity at~a nnnber of 

sections for two oxporir~nts:with ~tho ss-nodiuehargcs but ~different .... i~ 

head and tail waters. The socti,;,ns:nearos~ the gate ~ show tho,hi~- . 

est velocities at the bettor., and ,s,~o. ~. a ~rapld~docroaso ~of ,-m].ocit:ios 

as the distance fro~ the bottoz increases. '~ .Fur~hor"do~,-nstre ~ i "" "~ -. . ~ - am the . -~ 

higjlost velocities occur above :~ Ire ~. +~:~._ .. -,.;~.".:~;i 

tardinc effect of th--, top..ro~l~ so of the ...... ';.! 
• ~ ..- :. . [ :~.~; ~:~. - .;, ~.. 0 ~, .... . :~ ,- : : 

decrease in~ -volocl%i-o--. is ~ttriSutablo ,~ ~o'~'. ~ho' ~borde~;zono'~ ;between ~h@ ~:'~ i ~i':i 

main stream and the top roll. The .,helm"stream imparts ~a Part of its ~i/ I /.I:<" 

enerzy to the top roll and this is converted into ~heat.:byi~t]lo in ~ .... 

to]real friction and tu~'bulonco 0f ~tho roll. ~ The~chan~o in style of 

flow -~nd the passage of the ~ain stroe_m thl,0U.gll the critical depth 

81:7ays occur near ,the end of ~o top;roll. ~io volocl~y..Can'~bo.n~0~sur- ..~.. 

ed in only ~|:o loner portion of'.~he first soc$ion bole. ~. the ~ato as 

!i • 

the swirls above mentioned r.:nko measurement :,e~?or the surface l:z- 

possible. .... " " " 

To show up the variatl<,ns in vol-~city in more dotall, 

F~(,uros 31-34 7;ore l,l-o]~ll-cd giving She details of several :,bsorv~tions 

~, u !aF,;c scale. 

The ph:~t,~.~aph~, l'ag.c 3[, :.;ko.': the :~.,sitiun and divisl.,,n 
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of the flow into main stroa~ and top ~ll.i~.~.~edlatoly,bolow:i!th~i,gatO./ 

This sho:'ing was made possfblo ,by the use "Of:'dyos.i Boemuso~':of!~hoi: :, I~ ,-) 
"'5'' . 

intorminglin~ at the border z(,no-tho :shalrpness. of ~l~-"divisi:on illn6 

decreases With the distance .froz'-tho ~gato ..:so that- ..... a t .  , ~ h o  l o w e r ' , e n d  , o f  

~ho top roll it is lost sund :the ,,WhOle !mas~s i:s one co,ibr. :,Figu~o~.~Sb'~i 

shows this especially well. / ~. /.i. !~.i ~': :: ~ " ,:ii,i:';~ 

the .discharge fur .a ~ivon ga~o ~pon~ng-and also ~that .the .head ,water ;.~:: 

must be ratted in order-to -socuro!tho-sm-:o.'disclmrgowi~h:a igi'von . "~ 

• , ' ., : .' " ,, . T " [ "'"', i ' - " 
gate opening as ,compared wi,th c-nldiitions ,7~ho~ -£roo 'fiow}provai~s. '"~!:i ~ 

This head inc,'ease ~H, !(see' Figu~,e SGa)~is equal ~te ,the ~epth Of the ::~:i~i 
5 , :  . . . . .  L )c[L!:  / ~ .  • " ' . . . . .  

top roll at the point ,w.~ero-the water?surface in a ,free dischar&~ " , ..... 
• • , , ~. 

condition (i.e., at the 'vgna contractaJY!is,.a~minim~m. : :: ~. 

of exact !co~respondencs Of ~he:minimum~point - :~ T h e  a s s u m p t i o n :  , . - / ,  

in the top roll surface and t.he:~na',contrac:a of:~the freo,d~schar~_ ~ . 
_ , . ; , :  : ~ ,  ~ :  ..i.~ ' , / ; .~ :  . ~ , 

Jot di s r s . g a r d  t h o  : ~ ] . ] . ,  variatiOns-, i i n  ' , t h e  : ~ d o n t r a c t i : o n , l w h ~ c h  a r i s e s  

in c on so quenco ~o f h e .~II ,increase ?in :[thol ;~head ,~ter. 

The cx-~orimont s~confirm the.~app]~fcabi,lity :Of the ~hcory iof" ~:-:~ iliii! 

a constant value ~or he cumb~nod,prossuro-mom.antum:oxprossion for ~',}. ,::,,~. 

the back pressure top roll. Co::siderin£ ths ,casc~ at •,~th~ borderl line ~: 

between free disc.barge and:back pressure ,top,roll ~t is,!;possiblo $0 

set up two equations which show the connection etwoon ~tail water anQ .i, 

head water increases. In tI~s process certain restatements and omis- 

sions are necessary, the principal of which is the omission of t h e  

ell'oct of th..-, momentum it. the top roll at the gate as previously 

- 2 0 -  
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ki 

:: , •i!~, ~ ~ .  

montionod. 3ao Figtu.o.36a :for :tl~c.~noaning.o ~sym ols.. .: 

y h ~ ÷  
2 

y .(h~ , -•ahfi ~/, y:& iv, 

tion (16) modifiod <'~ " " " . . . .  

subtract ing 

, = ~ (h2"+(~h2:  ~p" Ch . , _  
2 2 - • ~2 :,./:!g 

Solving for .,~ h I :,H ~-~.: .. • ~ ,. - ., 

H =o,o ~ ' h l  = - h l  _ . 

t 

• • + 

. ° 

F i g a r o .  56  s.hows t h o  c o m p u t o d ~ a n d  : n o a a u r o d  ~:r0 l n t ~  o n s  : b 0 t w o o n  ~ 

h c a d  and t a i l  wa~or~  r o t  the-disctmrgo.of.:150'~titoro:/socon~ ' l ~ r ~ F . o t o r  ~ 'i 

w i f t h  o f  c h o n n o l - a n d  i n i t i , ~ l ~ l ~ 2  :o f  ~11 ,~0  ~cn. Tho ~ o r p o r i m o n t a ! J d n t a  

i s  ~ i v c n  i n  T a b l o  V.  Who v a r i a t i o n b o ~ o o n ; ~ ~ c o m p u t o d ~ a n d  .~obsozwud!~, : 

valuos falls botwoon tho .linlts ~of +3.~1 :and .-71;8%. :i:~Tho :oxpOrlmont .._ 

was ~.~ado by first %akin.:;,moasurm~ntsi:from a .frco ~flowin~ ,.:Jump:, and ~:~ 

thon drowni~ tho ju#.p by ,various amounts. .~ 

-~ro_ ~. tho~.o obsorvod ~ rolati ons a for : .~ .u la  T.as ~doducod ~hich:/ "!:,i 
is applicab!o to ~ractical casoa:~Of :flow.fl.'om ~sluico ~gatos ~withi~!baok :~i 

prossuro to~ rolls. . ( S o o  part :3). 
• 1 

D. Longth of ~ho Back Pros=uro YOPRoll. 

In tho cour=o of tho oxperi~nts on bnck prossuro top rolls 
i 

%ho lon~h of tho top rbll was also studiod. Thi~ longth is co::aidorod 

- 2 1 -  
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• ~'p , 

to be the rmaoh 2rom the gate to the point whore the backwnrd~novo- ~ 

sent of rtater ceased as ~doterminod ~by; the ~uso of dyes. f~ablo VI 

shows various values for this lo:igth. Tho~Points ushom 

wore derived from the relations~ sane:~nannor 

that they wore sot up in the discussion of>the ilongth!of ~tho/free 

J~np. The straight line t.hrough those~points~ 

downward slope in the dlroo~ion:of ~i~cToasing.valu 

observed in the case of the/ so ;Ju~p.~li~Tho~i:~oquati 

The monsurer.ents ;o£ the longt]r~of tho ~s~irli:~ ~zono ~of the 

junp, and their expression i~in :terms sLmil~r :to those ~Usod,~for ~ithol 

ontlro length of t.he Jtu~.p give ~. " ~ " ~  ~ : 
poin ~s .~i ch als~ lie close ~t o ~a ::linm. 

Emso phonomona are vory slmilar iin.-~thO ~tWo casos~o£~reo:/ju.-,p:and .... .: = ~ ~ r t~ 

" " 7".i 

back pressure top rolls. The longth~of the Jtunp Is'alwaysi!largor [ 

than the o or-ly n   seth in,the  caso or  t oi rr o i =p na : : r 

a d vena ~contracta), : 
length of the roach fr~.~ the point~whcro~hl: is r ~  ~( . . . . . . . .  ~ ~" " '  ~. " ' ~ ~ ' 

the point whore the ,~ator bogins.,to ~ri, so ~I~ : ~.i.;:-~:.'... :, ,', ~? ~ 
, to:tho!point!,whore ~h~ is - 

/ ~ !  ~i .~ ! i  ~ 

moasurcd, the point ~ho~-o the water surface ~roachos !Itsilg~oa~ost 

height and begins to fall in t.ho diroction~of the stro~ flow. 

Part 3. Exporinon.ts on t.ho .Flo~ Fro~__ a Sluice Gg~o. 

A. Wator Surface Bolo~"t.hc Gato. 

In the case of flow under a sluice whore a buck pressure 

top roll occurs it was observed that the tail ,,'~ator had a r~sxln~ 

-22- 



Fig. ~8 on same plate ~wi%h~•Fi~s. ~.~i~,. ~14: & ,:.15 , .......... ', 

- :./. '; ?i : ....... " 

L m 

Fig. on same ~plate ~wlth :;Fig, ~i : ~: i ! ~ 'r " i 

r 

Ir ~ !~ • 7~ " . ! ~ • ~//~ ~,~." '̧ , ~ ~ . . 

- ~ •, '~ •~' ' ~L -'i,/ • ... •. ,,. • k r . 
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".) 

depression at a certain"distanc~ ~fror.. :the .gate. ;~t :~t 

water surface is always ~somc~hat ~higho~., :~nation~of.:. . ,@hotographs, 

k~guros 35 and 38, show this plai:~ly. ............ ~":' 

Figure :39 shows ~the :~as~oc];,,-~ztz 

on~ .~ircumstancos of ~=~ 

in all cases ofdrorrnod-outflow. 

......... " 

: . . . . .  • ~ ;:'.'..~'J~:~ "i.~:~ ' 

~ t  o r , s u r f a Q o  ~.,:oc c u r s  

o ,~, ,'T~ i t -  

self by the con ractlon or i stro , , 'ii i  i ho 

greatest contraction, whore .; ha~/iits .tho~;-:le 

also found the lowest ,point in the .water~s,~faco ofitho:top ~z~ ,Z~.. 

The contraction of the outflow ~roqu~ros a~!cortain ~lon ~at 

the gate the coutraction !is :s~.~ll hence ,the oz~ ~f'~ho 

moncr.tucA-pro ssuro oquati on ~has not ~attainad ifts /As- 

stu~n~ that the tot.~l value 'of ~t~hm !prassure,moz.mntum o, ~.~ 

constant it is therefore-necessary ~m~.~.th,,'%, ....... 

squat i or, be larger t o :make :up ~thoi~doficioncyJor ;~t~t ',the ~wutor,i~opt h~!,~!,;~ 

at the gate be greater than ~at itizo~:vena ~contracta... ~ " ~ ''~,~-.-.~,~;. 

The contract is :of t ~ .~atOr :mzrfaco"iat -'~tiie ".~na ~contracta:~".i/: 

is of groat Lnportcnco in the practical application of;iforr~la..~t0..i:. ;'~ 

£1or: through sluices ~Tith back pressure flo-conditions, i 

Consider the um,.-i f&o~. : . .- 

Assuming that h = H o - ~, Fi~m~rc 40, so--iOus differences'hot,on 

c ~ . p u t o d  ;'.nd ~,bsorved dLschr:.rgo occu r  i n  c e r t a i n  c a s e s .  The cumputQd 
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value is alv.ays ~TA~IIor thnn the :actual vn, luo. 'Koch ~c~llod attention 

• t o  this situation, '.In his book:he g~.ve~i'tho nethOd.~of;calculcting i ~ ~ 

the flow of drowned slnicos~baaed upon the ~prossuro~mor,~ntum:prin-, :~ : -! 

ciplo but he considers the prosware :for :the ,section:below~ho ~ate 

to be applied only to the depth.-of .the,:~nln ~stroam,:flow at the :~v~na 

contracta as shown in Fibre 40. :...::To :zm/¢o ~correct :use ,:of ~. ~he :mOr:.On- 

tun-pressure theory -for :-the section gato.~and'tho~ond, of , .  

the top roll the prossurs,PmAst bo.~cOnsidorod as :applie'd !itO tiio entire -~"~:~~:.-:~, 

hoi~at of the v,~tor-as previously:pointed .out. " " , .  

p o z ~ L  In the sections directly ~below :the o ,it.'!is; blo ,- 

t o  neglect the no.mcntun of t!:o 'top roll as ~provi.ou~lyJoxplainod::, ibUt, ,,!: 

it is no~ permissible ,to no~loct, the ~influor.co ~:of :the :riZO'.,:in., . , t h °  . i':~ i_. 

water surface of ~ho top .roll iz~,calculation~ to ,hyflr~suat~c 

pressure, arch neglect,has ~producod,.'~.oric~us errs= . : Thodoscribod --~ 
! . 

oxpcri:.mnts prove this-pointin ~tot O. The ~dopth"nt :tho-,vm~a :contracta : 

nust be taken into consideration ,in ~ho cn?:culati,sn of the :discharges 

of sh~ico gates nith dro~.od a~tflov.. T h e  gO-mrning:p~ossurs hoad:/is " 

H o -h, cco Figure •41. 

By conbining oqtatirn=i , . . . . . . . . . . . . .  o . 

a n d  (h I + ~hl )~ ~ " h~. + '-~ 

- . ~ 2  + "q'gb vl = --2 ~_V~gb ......... ' ...... ~(15) : . . 

w.horo h I =14~a, and2W,& = c.mtractiun~ c,:officiont it is 9omsible to 

deduce the I" .r~Lla f~r the c,:so trader .~..s~derati.:n by changing, 

j- A 



' = h ' ' { J .... . . . . . . . . . . . . . . . . . .  " " ' " ~ 22 

By ellrdnatimg q,an o:m~rcmeion i:i s :,obtafnh~d :ifo'r ::~,"~'h:~h':!;~e~ i:bO ~'i'=i'b~ :-:ii':! : :::, !: 

atitutod in :formula : (21) ~ so a s:t o mako tthis: o., correct ~oqtzt'iOn: fur 

the di scharg~ • 

° 

2 _ i z h2 "!hl " :~ 

2 h l  
~. = - - - .  x :11 h - " ' - -  h 2  

,l 

= b / , , a  l / 2 e ( Z % - h )  . . . . . . . . . . . . . .  = : : - : - ' -  

c r e a s e s  and at the:moment 7~en tho:douth,at :~ho ~na c0ntracta; 2h~i, :! l 

~.d depth of the :tail water h 2 satisfy,equation (6))?a :free ij]u~ap~begins. :::':i,I 

At this .~.mlont ~ hlin equation (15) boc~.os~zoro, %he: . . . .  ~lz 
? 

the gate beco:~es inlopendent of the :tail wator.ddpth. :~iso ~h of . . . .  " 

/ 

Figure 41 boc:e~.os equal to zero ~nd h bOCgZleS Oqucil ~tO h I. 
; 

Should thc tall ~ater dl-op still .~ro tha J~.p will :~vo dovrn- 
/ 

stroan ar~ finally should the values of h 2 roach hk, the critical 

depth, the jt~-@ wuuld disappear. 
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C. 
:!.. i:•!':~i•..•'i'i' ~•. , 'i.'i -i'" J•..: ,:. ,.:.- : °" • " , " , 

For glven de~ths ~, of.l head, and .,tail :water!.and ~ a ~ ~i ~n ga / 

opening the form:of .the ~water ~ s~ace.~of~:t~. 

vi  cini~y of : t he  ,g~ato depends::~upon ~ t t~  i~con t r ac t i on  ~ df.~'i:tho~main ; i s t rosm.  ~,~:~i 

With a sha~-p gato.:odgo or~othor~:oauso col ~inereasod ~eontraetion ~the~..~.. 

water surface of~tho'.top:::roll:is"deprOs--od•:'furthor'~t.~::in~•tho.:=.'~'~i!• ' 

of a rounded g a t e , . o d 6 ' e . . . ~ - . ,  " ....... "" ....... " ..: i!~:i:"i~ : 

To test the correctness. 0f~.tho:~ormulas :abovo:~:d6ducod, ~tho 

values of/~, the cocfficlont •. of,i•contraction, ~:.ero :aeton,~Inod :~by ..... 

experiment. ' '~ "....: .i . • . " 

R. I:,~f so s deduced : thoorot ~ tally ,~tho ~ value :: of .,..this .,,~coof~ i elen 

for various ca~os of"di schargo ~fro.',.~.~& "vossol, i.! His~~:work ~is~b~ ' " ' ..... " 

the "potent lal" :theory and ~i s givon".in a ~.book ,:on.tit lod!"".C~loulat ion 

of Orifice and Weir ..Coo~ ~... 

on thc Jot maybe.noglo~ 

plato in themiddle'of tho.-or.£fi, co~ '~ ~ : .... .'<-~ ..~ .'" ~ ~.~ : ...... ~:i i t  may! be. .~roasonod ,~that ~tho.: :dis- .  ,~ 

clmrgo i s .very: simi far -tO •~that •-,under ~-a : s]hieo ~ gate/as :in ~.thi:e :,,::ea'~ .- 

13o cause ~,tho :i slui co gate ~.: of i:t he :. axporimon t s :;.was ~sharP ~.od~Od " 
.... . . _':% ,: , ., . . . . . . . . . . .  

the value u sod for the. , coo ff i ciont,:Of ;:contraction:;,was i,.tha% :~:icalc,/latod. 
! 

by Mlsos for the .oimilar :c.haractcr. of orifice..odgo, . . . .  

Figure 42 ~zho.ns a~-curvo giving '.the thoorotical-~.valuo .of ~.the 

coefficient for various values of thG.ratio of:the F~ato oponinc~"a" 

and the head on the ca~o sill }~. In the s82o fiE~Do a/id with,dashed 

lines is shov~ a slm[lar curve based upon the expcrir_ents of this work. 

The observed values from which the curve w:s constructed are shown as 

-26- 
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" I I  

/ 
t 

. 

p o i n t s .  The d i f f e r e n c e  betrtoOn 4he :two curves  i s  ~ n o t  :very:;61:oat,. 

The upper li.,nit of :oxpori~nontalLvaluos , 

This limit was set ~by'~the ioxporinontal 
~. r 

which the gate could ~n0t ~ : b e  ,opened, ~m'd 

. . . . . . .  • . . . . .  . .  , . .  

t ' 

: (Th i s " , m I . u o  " . . . .  

. . . .  ' . ,  ' r 

cfAunot be substantiated 'by the exnOri&ents, Table ' V  r ' ;Thoy:;glvo , a " 

value of/~U= . 70., o value also ~gl:,~n :?by ~Kil: ~h c ~- 

traction suoprossqd on thc sides'and ! : l ~ : O t t ~ t )  ' v ' :  . . . .  

D. 

38.7%. Table VIl gives detail values £or~a~n*~,iberof,expel, imQn~s ~ d~ 

com£aros the actual values :obsonvod With '" values computed ace0rding 

fornula (25) Table Virl mimilarly compares er.psrimsntAo 

q computed both accordinc~ ~o formula (20) and fo.nnula (2,~). 
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X. D_iagr%ir~s r:fOr :the ::C_~3pu_ta.ti_o..n..0f:~Di~cha~_6oo undo~,:Sl~,i-go i,Gatos r 

dos l rab lo  .to know ( I ) " t h o ~ e h a r a c t o r  ~.of"tho .dlschargo :~or ~part:i.~ular. 

ci rc~?,stancos sm.d :, (2) , tP~ :.:discharge, :'~.Usualiy: '~the : , :hoad:~tor ." . :010~t i0n 

is given ~d it is dosired to::~] quostion'/asm~.~in.~.. " 

• , . • .  , . . . . .  j 

var ious values o f  t h e  gate opening ."or :the .',tai~-l-~wator, : .~It :is.~,laborious 

to v:ork out ca~.os usin~ ,fo~nula (25) and 'i~t¢ him ::,nork'~thrso 

dlagrams v:oro prepared ~for~sharp::edgod ~gates Using: the .values:'shown 

in Fl6~/ro 42 as ~ho Mises :.values'-0fii.tho ~c0officiont.~'ef ~coi1tractien. 

To rinks .the diagrar_s ~u/~i~orsally 'appli cabS.s, quant~ ties ~ ~ 

wore expressed :in terms ~of ,ratios ~in~toad.~of :giving ~abnelute tvaluos. 

In diagr~n.:ll the.~o ~. " ~H' • : 

IIi and IV they.are- [~l%ho"!hoi~:~t 
. ~ ,~ .:.- ..... 

ef head wat-~r :above .the .gate. s£!l pth::.of ~%ai!::~-~ator., - - 

"a., the gate oponln.~..~d!q::thc. :"dlschargo. ~(Unfortunatolyi:this~:did : 

not v.ork out :.as :%he author ::intended as :.he ~uses:::for ..q :the::':"d~S~char~::iin 

cub'~c,moters per .,second "~r meter ~idth i-or :0~ening.~and-:.this i~'sino% ::. ' " " ~  

• . .  . : : .. ' . . . . i ~ . : / ~ : : : .  : - . . . . .  . . :  ~ . -  . . 

made a pure ntunber~:by,multiPilcation.,:or,.di..,vi:siOnlby:,linear~di'Eonmions ::,: 

such as H, ~h~".andia.) :NO%~ched:lines~hear the-~bordors of ~ths:.~iagr~.: :--i ~:! 

tho::lir..~ t s  :of :oxpe t a l i Y :  ~vor~f f ied . . re la t iens.  .~ - ,,, indl care " - r i~r.~-n 

To mnkc ~he use-of-the diagrams-easier .the values .of H : 

height of the energy gradient above ~the:gato si.ll, !in~.o.quation (25) ~ 

were replaced, after appropriate co~oection, :by ithe ,values i-of :!H, -the 

height of the head :water above the .ga~o sill. 

The dlagrums are divided into 4 zones: 

Zene 1: Discharge Whore the top roll causes back pressure on the 

- 2 8 -  
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gate o~nin~;, the case where ;formula ~ (25) is applicablo.Zonos~,II, 

Ill, and IV free discharge, whore "the tail::wntur?dopth :isto ibe itaken • ~ 

at th~ value applicable Im ,the vona ~ contraeta,. ;li;o,:, ;hi.. ~ :: :-/ i~.. .r~ 

zone' H, > k covers :ca  :Ju=p, occurs"at ,iBomo r. -" "i/i' 

distance frum the g a t o .  " " " i,:~: 

Zone I II, h 2 ~ h k covers ~tho ~caso~.~.~ore-the :Jump does;not .occur -;ii'! 

because conditions permit .of .keeping ~.up :a :.voloclty ,'!~inLo2~cess iof 

crlt i cal. 

Zone IV, covers ~ho :ca~o ~whoro~h2,,~"h~j and the 'vo!ocity::continuos 
:=~i , ~ r' , i " • .... 

to accelerate after leaving tho:.,vone, contracta,. " - 

The border line 'botffo0~i.Zonos ;I ~is :'~hat whoro:~condi- 

tions ar~ such that a jump below ~tho -gat~".i~ jufit !obvious; tho,'.lino " :, 

bot.~oon Zonos II and III istiiat whorol::~ho~crzuzcal:dopth i'~":~"jU ~It 
A 

roachcd ; the "line between ;Zono~ :iIl iiand IV is Lthat .whore h 2 ~= ~.hl;.. 
p 

Diagram I ] shows :the head .water :H :as ~Tunctions :of. ;the ~ t~ato 

openinc~ "a", and the tail .natc r !h 2 .~for given -.v~luos ,of :~. ~. By-,.its .:urns ..: 

H can bo determined for chosen .valuos:of~q, ,a and.~h2.. " .,: .... 

For i}tstancc : , :,. ...... • 

given q =':lOiO0 .cubic::=mtors~por ~soc. :por~motor -width"~!of:gatc 

h2= :14;20 ;m. 

a = 1.16 m. what is H? ' 

,h2 = 
q2/3 = 4.642 andhence ~7~ 3.06 .; 

a = 0.25 

a 
Tho point of abscisza va~uo 3.06 lying on thc curve ~ = 0.26 falls 

- 2 9 -  
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in Zone I. Thismoans that 'tho_121o,, :will be undor,back~PrOSSUrO top : 

roll conditions. The polnt above /ddscribod also :llas,'as,ordii:atc itho 

value 5.00 or ;5.00,~and.~honcol)H=:55;O0:,x::~g.642. " " ' -  " 

L :' ',;' • • ' , Diagram I II Gives ' di schargo,}q~as funcbions }of~{ 

(a) and tail ;.-a~or ,h 2 ~ .. , . -  ~of:i1~and f~ depth "r " ~,fo r glvon -?v~iuos 

to obtain q :for fixod ,valucsiof~ ' ~ " , . . . . . .  " ~. ' : a .euud he<,an~ cho~o., values-of I I .  ~It: 

shows clearly in Zonoq he=t" a>docroaso itl t h e '  ; " dontn of the:tail' 0 - ' ~ :WatO' r_ 

b r l n z s  about an i n c r e a s e  ! i n .  d i =  I~  , ' 1 1 . ~  0 ' : ' O ? ( ~ t  ~ . ~ .  ' r" " "  

) 

For lnr~tanco givon ;H : :~i0,00 mOtcrs;~ . . . . . .  ~.<~" : ~ 

" = , . 5 . 0 0  ~ , O , i ; o r c  ~ ~rocuirhd : ° ' q  " ' 

T h o  o o i n t ,  o n  b . , ~  ~ u r v o ' - ~ : - ' . ; , 3 0 .  ... . ::h~ . s ~ a  . :ot : , - , . '50:?has:  .. . ~ .  

the ordinate of O. 6 . . . . .  h.ch . i . . , ,  

equals 0 . 7 6 , 3  x..31,623 = 24. l O '  c u b i c  ' t ~ L t o r s  ! ,;or,:_~A c , / ~ O r i Y m o t o r  ' n f d t h  " ' 

of ,~atc. ThLc point -falls in zone ~II'whtch' i:!dicatos thatTa :fret, i: 

flowing discharge :~th a Jumpat ~.-..or~,d~s~muco!~f~, th~ ,g, ht0Z~tS::to 

b o  expected. . . . . . .  ~ . . . . . . .  . ,  . 

tail =ator depth :h 2 and zate oponin,':: a f o r .  g~vor, i ~ l u o s " o f  <the head "" 

water H similar to Diagram Illlbut ts arranged ,to[Snow the Of£Cct of 

~r~in£~ Zatc opun='ngs upon t.ho dlsc.hargc ,~,hon .,,o tail:,,.~ator im 

flxcd. 
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For ins tanco  g ivon 

:H = :~10;00:motern .... " ~':, ~ :- '"": 

.... . %,~- 

~a '= 74.~2 "motors - . ..... 

h 2  = ~ 8 , 0  motors, sought q, 

Tho ' p o i n t ,  o n  ' tho  ~,cu~',vo 

the ordi~,-a~o of I = !i.. : ;= ~k,075.. ;-x~: 

so c .'/m. ,The po in t ira i is ,~on .i the k b ord'or :~,~i no.: botWo o~ ~z oz~0s!!~l ~ alid ':lil.,, 

Thl s indicate s :t hat, a i~.o. £1o~:ing ~idi s chaYgo LT:Itl: y 

bolo~ the gato ~i s to! ~ bo ,o~o ctod.. 
,,e , . - 

L~ 

. k 

-# 

-: ? 

~J ~.e '. :̧  ̧ 'k~ "̧ ~ . ,~ ~̧  

k 

s 

A 
. 

B 
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o CONCLUS:ON 

The experiment s domonstrato,i the ,~, appli cabzlity:of ~t he ~mo- :~ 
. . . .... ..:..... . . . .  ~ ~.- :...-~..~ . . . . .  :'~:. ::_: • 

montum theory to all casos 

from rapid to ~ ' ' ' ' -~ ~ : '  ' .  t r a n q u z  ] . ,  f l o w . . :  I n  ' c o n ~ u o u c o  ~ o f ~%hi s . , . t h o o r  

of.wa~or a b o d e . a n d  b o l o w ~  ~ ~ ~ ' ~ ~ . . . . . . .  . . . . . . . . . .  be ,. c o ~ p u t o d . ~  frc~u ~ t h o  : :.~ :'mr : ~: 

fo llo'.':l ng ~ formula 

h 2 -- -._.~ ,+ 

I f  h 2 i s ~ o a t o r  ~ b a n  - t h e :  r i ~ y h t  : h a n d  : o f  ~ h o  : . a b o ~ o  ",o 

the Jump disappears :ort~ 

rig~ht hand side of tho~e~ 
r~ 

tmtil it reaches .the sluic 

ro,~ults. 

. . . . . .  ~?,: 

,re ssuro..~.top.;:roLl 
..... ..[: 

. , ! i ,  > . ,  . , . . . . . . .  : .  : :  

L ". -" 

A Jmnp carknot occ.~,r~i,nithout~tho~!TO~tion.ofi/a~op~x~ll, i 

The oners.j loss Inca J~uuP :is ~ connected, ,,-:ith %hc:i~op roll :i=a : ~ h e '  ~ ..... . .. ,~ on- 

t i r e  l o n ~ h  o f  ? h e  J u m p ~ h ~ s . : a  . : c o v e r  of i~.t t i~r~Suio, .~t~, ,7~a~or,  iii! I- " . . . .  

T h e  l o s s  o f  e n o r g y ~ i n a  :~t~p:is:givon~by~';t~.o!IfO~ula:: " . .  :: 

&E = yq ( _ h ~  kg~or.sncond::por:,.'met'or':.~,ffdth of~channol:. ...... 
4hlh2 ~" " 

It is not possiblc to make a d/vIs:ton-of,~.thc !lo'~s'~b0%woon ...... ~ "" : : ~ , r ..:. 

los,ca :in . . -  ~ 

t h e  r a i n  s t r o a ~ n  o f  . t h e  ~J~ap .  n".d ' t h o : i o s s o e . : - l n ! ? : . % h o  : ~ o p ~ ! ~ i l .  ~ ~ : "  ~ : ' ~ "  : ~ ~ 

-~ - , • -. . - , . - , .:: _ 

The di.~onsions, of a J,~.,., can ,be :iairly--,~oll ~: ':oto~nmd. i/::" :::!'-'.:..,-: 

The depth by formula (6),and the ~lcngth~by~,tho:follonlng. . formula ' " : ~ ." .-.- ' 

-L = ~h2- hl)(8.0- 0.05-kh~2}j 

The discharge oi' u sluice gate oporatIng under back.prc, smlro 

c~.u be c~nputod by the u~o of the following for.',ula: 
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w h o r e :  H o , l s . t h o  enorgy~head !of-I:-~hG ........ . .......... ~ . . . . . . . . . . . . . . .  

sill; /¢~is the coofficion~ Of !:eon~ractlon~of.'~ho r.co~yospondlngaf~o° " • i: 

Jot ; h 2 -is the ~ail,wator ~opth~nd ih:;is :~co~Ap~te~:a . . . . . . .  

following fon~ula: , r : ": " ' :' "L~" 

. . . . . ,  :~ i~:~i:i!:::~/~4i] I] 
! 

-i~ • ¢ .... [ 
;2./~' 

2 " ' , ,  " " 

h 2 
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