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INTROJlJC'rORY R.1l!t\WUIB BY 'l'HE TR\l!SLATOR 

This papor is on filo in the Denver Public Library. It; consists 

of the following principal parts:-

(1) A list of technical papers on the hydraulic jump and related 

nydraulic phenomena. 

(2) Chapter I, Introductory, describing thf:l relation of this paper 

to previous works on tho jump and on sluice gato discharge formulae. 

(3) Chapter II. A discussion of the theory of the jump, shoVTing 

tho dorivation of tho p�incipal formulae connoct�d With it. 

(4) Chaptor III. A description of tbQ experimental equipment usod 

in the work which tho papor prosont
1
s. 

(5) Chapter IV. A doscription of tho ox:i;:crimonts made and the re

sults deducod from them. 

(6) A sun:mary of tho principal conclusions roachod. 

(7} An appondix of 7 tablos gi_ ving detail moasurereonts of a number 

of typical oxporimonts of·oach class prosontod in tho papor. 

(8) A ahort biography of tho author. 

Chaptors III and IV and tho summary only have boon translated. 

Chapter II was not translated principally because the theory is pra

sontod in this work much in tho samo form that it is prosentod in tho 

"Hydraulics of Opon Channels" by Bakmeteff. 

Tho work appoars valuable for tho folloWin.g foaturos:-

(1) It follows the thoory of conservation ot momentum in tho jump 

to its logical conclusion, namoly that th o momentum at evory soction 

of a jump is equal to t�o initial momentum and that from this relation 



a 

the height of the jump at any point can be computed. Be presents 

experimental verification of this theorem. The important feature of 

this theorem is that the jump is divided into two parts, a main 

stream and a top roll cover. In the computation of the force-momen

tum equation tho hydrostatic pressure is computed from the total 

depth of the section, but the momentum is computed from the velocity 

of the main stream only as tha top roll has no downstream volooity 

effect. 

(2) Ho shows tho necossity for a given length of channol in ordor 

that a jump may devolop and givos a formula for ostimatin� the longth 

of a jump. 

(3) Ho covers tho s ituation whoro a jump in front of a sluico gato 

is partially drownod by back water, devalopinr, a formula for the 

relation botwoen tho raiso in tailwntor and the raise in hoadwator 

in consequonco of this drownine offoct. This is the gap botwcon f'roe 

discharge from an orific� and submoreed orifice discharB9 hitherto 

side etoppod in .American hydraulic li teraturo, as far as tho trans

lator knows. 
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Fig. 10 
General View ot Jl\1111 

Pig. 11 
Side View at llume 

Pig. 12 
End Via• ot ftaa 
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Cf'.AP.i'ER I I I 

TEE EXPER IMENTAI.: J!BUIFMENT 

1. Doscri.;etion ot tho Plant. 
experimental 

The experiments woro conducted in the/flume: of' tho now 

H;vdraulic Laboratory ot' the "Eidgonossichon Tochnischon Hochschulo" 

(Jedora'.\,tnstitute or
fm

chnology) ot Zurich, ev,itzorland. Tho flmno 
ii' I/� - II\ I ( .j/1;"· is 7 .o motors long, • . meters Wide, ·and .44 me tors high. Tho sides 

aro mado of.glass. Seo Figuro 10. The s()t-up is ·such that tho bottom 

ot tho flumo may be givo� any dosirod slope but tho oxporimonts herein 
. . 

described woro all mado With a horizontal bottom. 

I Water was admittod to tho flumo over a weir·without side 

contractions. Tho woir sorvod also to moasuro tho tlon. Its width 
J,-J,}'' . . 

was 3dd mm. and. it also had gl-ass sides. See Fig. 11. The weir 
. ?-ft°'' 

· crest was 19t m.m. aboJe ther bottom. ot. the canal a.nd TTas ·aerated by 

D19&l1S ot two p�pes �;m. in ·diameter. 

The head on the weir was measured \Ti th a hook gage sat up in a 

tr6:Dsparent walled sti111ng well. The ne:p{ �pnnects m. th the flume 
17--fy 

tbrpugh a pipe which enters the bottom 450 m.m. �pstream from the 

we$.r. A cock in the pipo permits the reduction ot its cross-sectional 

�a so that surges in tho stilling well may bo damped. 

';l'he woir was carefully calibrated by tho uso of a tank. A 

spocial flume pormittod ot divorting tho wator suddonly into and 

from tho tank. 'l'ho runs were of about 1000 soconds duration. Timo 

was measured With a stop watch. A quiet Ttater surtaoe above tho woir 
. I 
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ftg. 18 
81ot1• Shcnring COOJ'dina'\Qgraph 
.. Pi� Tube Mountias 

Pig. 15 
BarliD Bydraullo and Marine Rx
periment Staticm Pltot Tpbe 
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11g. 1, 
Prandtl Pitot Tube 

71g. 38 



was·obtaincd by sottinc up a series of' baf':f'le plates botl7een tho -:mir 

and the supplypipe. 

For the experimonts heroin described a sluice gato was con

structod about in the n:tddlo of' tho flumo. Tho gate leaf' l1as smooth 

and flat and without guidos so that no side contractions waro produced. 

The gate was fastened to the top of' tho f'lumo and could bo set at any 

desired height abovo the flume floor. The joints botwoon tho gate 

leaf and sides or the flume \'lOro stoppod with tapo strips which wero 

cut oft slightly above tho top of tho bottom odgo of' the gate so that 

they did not intorf'ero with tho stroam flow. Tho small cracks below 

tho tapo strips \TOro soalod �th wax. 
. i 

Wator surfaco elevation could bo measured with a coordinat-

ograph \7hich could covor anylpoint of' tho f'lumo and Which was graduated 
0.004-'� 

to 0.1 m.m. Pipos tor a pitot tubo wore also fastened to tho co� 

ordinatograph carriage. Figuroa 10-13 show tho ontiro set-up. 

Most of the experiments wer� conducted with the plain flume 

bottom, the joints of' which were made watertight a.."'ld smooth with red 

lead. For experiments with a pool, wooden blocks which could be: 

fastened to the f.lume bottom were used. These were made in sections 

so that a variable length of level pool bottom could be obtained by 

inserting flat pieces between the falling and rising pieces which 

gave the puol effect. See Figure 19. 

2. Velooi ty Measurements by Mean.a of Pi tot Tu.bes .• 

To determine the velocities  of the top rolls a pitot tube 

-2-



was usod. It pormi ttod moasnrorivn t s in vory shallow wator \7ithout 

obsorvablo disturbance of tho flow. 

M. Ricaud of Toulouse conductod sane oxperimonts with a 

pitot tubo Which gave velocity values too larro for tho discharge whon 

computod according to tho fe,rrnula V = V 2gH • (whoro H is t!10 diffor

anco in hoight of tho wator columns of tho ma.nomotor). In cr.msr:,qucnco 

a cooffici�nt of less t han unity has to ho us:d with tho atovo oqua

tion to obtain correct valuos. 'l'his coof'ficiont is designated as Jc. 

Obsorvations of tho volocity in a pipe in which krbuloncc war, pro

ducod by a scroon gave a value of 0.90 fork. 

Tho top roll is comparo.tivcly turbulent and tho q_uostion 

arises '17hothor serious error ,;rill bo made if the pitot tube is usod. 

To dotermino the proper value of tho co.o :C-i'iciont k in this caso mun

orous exporimonts �!oro ;;J.B.do ·,1i th various condi tio:ns of turbulent flow 

both rapid ::nd tranquil. First the pHot tube of tho fom sho';7D. in 

Figure 14 '17as uood. This fom was sr-.omi. to havo a coefficient of 1.0 

:ror non-turbulent f'lo\7 hy Pra."1.dtl. Followinc this the same fJ.o·.-.- r.aa 

moasurod ·ai th a pi tot tubo of tho form sh0vn1 in :tiguro 15. This form 

�as devolopod at the Borlin Hydraulic and Jiarino Experiment Station. 

In thoso moasurornonts tho rormcr typo r.'as ::o•md to bo moro satis

factory but both typos gavo practically t!lo samo results. 

Tho cooffi ciont k was cal mlatod from an equation, on:: sido 

of miich oontainad tho discharge computed from tho '70ir-measuromonts 

and the othor sido of 't7hi ch cantainod the measured vcloci tios. 

-3-
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Rapid tlo'tt was obtainod 0 1  ther by g1 ving the flUDlQ a stoop 

gra.diont 01' by tho uae ot t;tio sluice gate . In the oaso ot tranquil 

now, thrGe aerios of moasurctlf)nts were taken : ( l ) in a normal tlow 

in tho tlume ; (2 ) in a normal flow in tho flume: immediately boJ.ow a 

trash rack or screon � and (3 ) in tho tlo':7 immodiatoly dom.istroam tram 

a jump With a top roll . Theso measureman ts are show in TablG I . 

The, tablo also shows that :f'or rapid tlov produced by tho 

uso o:f' the slui ce gate tho valuo o:f' k va.rios botTIOen 0 .94 - 1.00 .  

It also &hotrs that in tho soctions nearer tho gate tho value i s  tho 
; 

highor , in other vordi that the turbulonco J,ncroasoa proc�eding down
atroam. The moro di stant soctions show a very noarly constant w.luo· 

ot 0 . 96 .  In rapid f'lo.1 producod by tilting tho tlumo , k vaa found 

to bo o .97 .  

For trannu. ii flow t he  cootti ciont is  practioallv constant , 
I . � . 

at 0 . 92 to 0 .93 , althOUBh in socti�s immediately downstrGSll :f'rom the 

top roi:i it drops to . ao � .91 . I 

In the case ot the 1'lo'\T through a trash rack or screen the . 

1urbulonco immodiatoly dot:natroam tran. tho obstruction was markod and 

the cooffi cient tell to 0 .,79 . T-ii s value roso to o.go in sections 

further domistream tram tho rack and it '78.s co:r.cludod that pi tot 'tµbe· 

observations cann�t be dopondod on tor obsorvations mado at points 

near such obstructions . 

In tho oaso of a jump �1th a top roll now conditions aro 

varied and tho principlia, may be establi shed that · one .1 '98.lUG ot tho 

cootticiont tor tho pitot tubo obser'VB.ti ons will nrt give absolutely 

l/ -4- / 



corroot results . Because of tho incroase of turbulonoo in the diroc� 

tion of flow it  is  desirablo to uso a variablo oootticiont tor the 

computation ot velocities but because it -::as impossible to dorivo a 

· rolation botwoon tha valuo ot tho coo:f'f'iciont and distance o-r the 

observation bolo\7 tho gato, which was consta."l.t for tho various ox

porimonts, thi s rofinomcnt had to bo �andonod 'and all computat ions 

woro made assuming a valuo of k = 0 . 95. 

Tho coo:f'ticiont actually varios boti.oon .90 and 1.00 and 

. tho errors rosul ting from tho above asaum-ption may thon be ! 5.o,£ 

but this is not boliovod of sufficiont mo'!?lOnt to appreciably attoct 

tho principal conclusions reachod. 
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J'ig .  17 

Photographs - or Several E.xpe.rimental Jumps 

9 = 10 1./e m.1 

h, = 0.SI c•· 

q = 20 .. , .. ... 

h1 = 0.81 c•. 

h, = 9.67 cm. 

q = JO . , •• •. • 

h, = l .'4 cm. 

h2 = 10.72 ca. 

q = so  .. , .. .... 

11 , = 2.0! cm. 

II, = 1 4.36 cm. 
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OiiAPI'IR IV 

mr.&:nn.m&'m �IMIU.ULIC J114P1 TOP BOU. 1 AlllD 
P-!� OF SIDipE GATES ., . 

P4ri 1. The Lon,st� of thO lIYdro.uli c J'pmJ?• 

'l'he· change tram rapid to tranquil tloTr Nquiros a <totini to . ' 

lo:r.gth ot channel tho aomo as, la requ12Dd in o. ohango from tranquil to 

rapid flow doapito tho auddon ond violont naturo ot the phonamml'1 • 
' 

In mony- co.sos a vorr considoro.ble length is  nooesearr. It is impor• 

tant I to obaorvo tho tacts aonnoctod with this phonomona bocauao hithOr� 

to , in work conneot�d wi
l
h tho jump,  it  has boen uauo.l to oonsidor it 

as a vertical riao at th point ot intoreooti on ot tho rospoctive 

proasuro-momontum curves tor ra.pid tlo\7 a."1.d ti•a.."1.quil _ flow, plottod 
. -... �·�· . 1 

tram tho lor. and high atngo sidos ot the jump c.s show in Figura 16. 

In such oonsider0.tio11 ot · tho problom it i s  o.lso r.ocossury- to doter-
/ 

::

o

t= ;::::::

l

�;::

nt

t

:hp��::': :-a: ::

t 

. . . 

l'apid flow are in the a�t 11redi . ted by equation (6 ) . Sc.c. P°'1 e. 1 ,  

The numerous experiments made in connection With the pre-

paration ot this paper as well as those J aoveral earlier inVGsti-
/ 

gators show that tho jump does not occur in tho to;n ot a vertical 

riso at one point but that it requires a dotinito 4i stanoo - for its 

accamplishmont • Thi 8 lon�h doponds on tho wator depth botoro and · 
aftor tho jump and u:pon the height ot tllo jump. Tho photographs of 

Figure, 1'1 show sovoral of many obsorvod jumps . Thoy m ow clearly 
·' 

tbat tho longth of tho jump i s  aoveral timoa its hoi$ht • 
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Depth ot llapt.4 · laglh ot ' · 
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To demonstrate definite ro lations bot�oon tho length and 

height of tho jump a sori os of" oxpori!llOnt s was mad.a varying '\;he quan

tity and tho wator dopths abovo and bo low tho jump. In tho so oxperi 

monts the water surface curve of tho o..'1.tire jump _was moasurod r1ith a 

pointed gaga . Bocausa of tho fluctuations in  tho surface tho mexi -

:n.u!!l and minimur.i olovations at oach point woro dotominod . Rosults \78ro 

plot tod to - a di stortod scalo to obtain  close oet imatoa ot tho lo�..gthe. 

Tabla II  shows soveral aorios  ot �..easuromont � .  Tho tabla a lso shows 

tho ratios ( 1 )  ot water �a bolol7 and abovo tho jump � and ( 2 )  
0-· l 

ot longth or jump ·di vidod by hoi3ht 01' jump I<· • Plott ing 
h2 - hi 

thoso rat i os as absci ssae and ordi"natos  rospecti voly , points are 

oetabli shod for oach jump as sl: .. o\lll in Figure 18 ,  A.'1 avorago lino 

through thoso points i s  straight and has th,c tollo�i11g oquat i on :  

J, ::  ( 8  - 0 ,05 �) (h2 - h1 ) - - - - - - - - - - ( 10 )  
. h1 

For kno'm1. depths o:f' flo\7 boforo and attor the jurip ·  thi s 

oquati on  gi vos  the longth of  tho jUI:1p . If a jump i s  to occur at a 

, givon location , say in tho pool bolow a drop , for instance ; it i s  

. no coseary that tho horizontal di stance botwoon falling and rising 

bottOl!l grados .haw a definite minimun longth , 

An aITanc;emont such ao i s  shom in Fi gure 16 will not pro

duco a jump and tho rapid flol7 atago vri ll persi st throue}l.out its  length.  

Tho jump m ll occur further  domist rear.i at tho point woro trt ction 

l':1 11 havo roduc�d the low atago voloci ty a.�d increaaod tho water depth 

so that a balance of tho pro ssuro-morJBnttU:l quant ities  ot rapid and 

tranqui l flows oxi at s ,  �uch condi tions may causo scour o:f' tho channel 

-7-



bott om and ondangor structuro four,.dat ions • 

. To do:r.,.onstrato that the prod1lct ion of a jur.i.p roquiros a 

dofinito longth a n\C'l.bor of oxpo�irnont s vrore redo �i th a model that 

had a droppod bottor.i grado ; i .o . , a pool . Tho :r.,.odol was so construc

tod that the pool could be longthonod as desirod by inSE>rting hori 

zontal piocos botr.ean tho falling and ri sing bottc:n grados . 

N 

- . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Tablo I I I  horer.ith 

TABIE III 

Observations oi' Jtnnps in Pools 

' - �th of 
Observed ri:z . 

liters/ 
sec . /  h1 h2 

lil cm . cm . · -,--

20 1 .02 8 .42 

II 1 . 33 7 . 18 

30 1 . 37 10 .85 

II 1 . 50 10 . 20 

II 1 . 57 9 .95  

II 2 .02 8 . •1-0 

50 I 2 . 50 12 .85 

II 3 .32 11 .00 

80 4 . 19 15 . 25 

Ii 4 . 61 14 .49 

100 5 . 42 16 .90 

120 6 .30 18 . 60 

I 

I 
I 
I 

. Pieces 
Inserted 

in 

I 
Theor . 

Pool :sot • h2 

�: Ir�: 
50 7 . 20 

80 10 . 90 I 

60 10 . 35 

60 10 .00 

60 8 . 55 

80 13 . 00 

80 11 .00 

100 15 . 00 

80 14 . 60 

100 16 . 88 

100 18 . 65 

-8-

Length 
Accord-
ing to 
Equa-

h2 ( h2 - hi ) 
t ion 
( 10 )  111 cm. 

e . 25 7 .40 56 

5 . 40  5 .85 45 

? .92 9 .48 ?2 

6 . 80 8 . 70 66 

6 .33 8 . 38 64 

4 . 16 6 .53 51 

5 . 14 10 . 35 80 

3·.42 7 . 78 61 

3 . 64 11 .06 86 

2 .93 9 .88 77 

3 . 12 11 .48 90 

2 . 95 12 . 30 98 
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ng. 19 

Etteot ot Varloua IAnigtha ot Pool Bottom 111 tbe 
7ol"llllt 1on ot a Jump 

• - 21 .\"I 30 

f .:..;  }(I 1- • m - '  

It :;... 1 . 5(1 cm. 

"• = 1 0.ZO CID 

,. _  2 1 .VUO. 

f = 30 I . .•. •·' 

11. :- I J7 cm 

Ii: = I O M  cm 
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ureo11 ot increasing the pool leugth upon the ronnation 
ot a jump. 
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ha obaenet = -10.18 
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· '  ...... 
, .. 

givos tho rosults ot 12 oxpori��nts proviug that tho longth or tho 

horizontal insertion must be that givon by tormla 10 . 

In these oxporinonts tho depth of �ha rapid flow stroan 

was first noasurod . Thon back wutor prossuro was prtJducad by ooans 

or a aluico gate at tho lower end ,o f the trough to the el!lount that 

calculations a��ding
,
to oquation ( 6 )  indicated uas nocossary to 

produce . a J1.nnp .  If a suf'ficiont longth of horizontal insertion rm.a 

in placo in tho pool bottO!'l a jump did occur, but othorrriso not .  

In exporinents whero tho back '\"Ta.tor rras first bui lt up to tho point 

whore a top roll would occur ur..dor ordinary circunstancos , and then 

was lowerod sli��tly ( but still not bolow tho noroal hich stago } ,  

tho top roll and jUT.1p \7ould di aappoar in a dofi1�.ito length of tir.10 . 

T�o rapid flow mi tor dopth .  also increased an d  a jW'!lp uas fomed down

stro81'1 fro� tho pool on tho hieher botton grade . 

Tho photographs of Figure 19 show the water surfac0. in t ho 

·pool for· vanous lengths of inserti on but m.th constant discharge and 

water stages above and below. In the first case where the drop and 

rise of bottom grade were made without the i;,isertion ot a stretch ot 

level pool bottom, as well as in the second case Whore. the insertion . 
was too shoTt , no jump was observable , although conditions tor a 

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

the insertion: was ot suffi cient length and a jump was formed . The 

water su�faces in tho experimont s shown in phot ographs , Fieure 19a ,  

as determi�od by hook gage moasuroments are shown to scalo  i n  Figuroa 

20-22 . 
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In fixing the dimensions of' a pool thoro are two alternatives. 

( 1 ) The ju.71p can be pormittod to  occur in tho convontional mannor: in . 

this case . proper tranquil f'lou \'19.tor depth .md EJ\lff'iciont longth ot 

lovol channol aro nocesaa.ry. (2 )  A back prossuro top roll ottoct can 

bo produced by lowering tho pool. Tho first case will roquire wo:i-ka 

of' groator volumo , tho other, oxtra foundation uork. Tho proper 

solution will bo determined by other considorations such as dosirabi-

li ty or cost. 

Tho length of' tho pool ca11 bo f'ixod by the use o f'  oquation 

( 10 ) . In the ovont that this length i s  cor..sidorod impractical own 

after co�sidering the greatest possiblo depth it may be �ocossary to· 

resort . to · floil obstructions of somo ki:::id , such as tho use of stono . .  , . 
blocks or tho dentated si ll dovoloped by Rehbock. Slch a solution ot 

a drop problem should be developed by oxporiments Wi th models. 

Part 2. Investigation of the Top Roll. 

A. Tho Freo Top Roll. 

In consequence of' the investigation of the hydrauli c  jump,  

eapecially tram tho viewpoint of' tho thoory that at  o'tery cross

soction of' a stream the quantity ,  stati.c pressure + i!., is a constant , 

tho conclusion i s  roached t:iat tho . equation oxprossing this theory 

can bo uso:f'ully appli od to sections in a jump. To gain a better undor

standing of thoso relations the follor:ing oxplanation sll>uld bG made 

concroto by solving tho f'omulas for definite quantitios .  In figuro 

23 a.re gi v::m as ourvea the valuos ( 1 )  stati c  :pressuro , ( 2 ) S! • and 
g 

- 10-
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( 

( 3 )  thoir sum for various valuos· of TTator dopth h, for tho quantity 

or l cubic motor por socond ovor a ,-:idth of  l motor, or as usually 

exprossod ui3 /S.M. 1 • This sum is the so-callod pressuro-momontum 

curvo (tho lit eral translation of tho Gorman namo of th i s  curvo, 1 .o . ,  

"Stutzkraftkurvo" , is " push-strongth curvo" ) .  Figura 24 i s  tho pro

filo of a jump to vhich th o quantitios of Figura 23 can bo applied by 

proper transformation. , .• exprossion or tho prossuro-mornontum rola.

tion of a jump in an equation i s  as follous �  �hore h1 and � aro tho 

Vie.tor depths boforo and aftor the jump and -y is weight of liquid .  
h2 9 � 9 

y • .::1. + y • - • Vl = y • _£:. + y • - • V2 - - - -2 g .2 e 
( 4 )  

Consider a soction domrntroarn from h1 with a main stream 

uator dopth h1 Which i s  slightly loss than the · critical depth.  If 

the value of the pressu:ro-momontun quantities  for th is point aro 

taken fror. diagram Figure 23 obviously thoy m. 11 be l ess th an e.t tho 

valuo for h
1 

and tho equality of  tho prossuro-I;lomontum rolations 

Wi 11 bo up sot . I f ,  howover , tho momontum part of tho equation be 
• Q, 

pi ckod troci tho mo�10ntum curvo of Figuro 23 for tho height h1 choson 

and tho hydrostat ic pressuro part bo pickod from tho hydrostatic 

prossure curvo so that tho sum of tho tr.-o is equal to tho prossure

momontum quantity at h1 it VTi. 11 b o  found that tho depth at "which th i s  

quantity occurs on the pressuro curvo is the depth that experirnont 

l 
indicatos i s  the total water depth at section h .  In other words 

to preserve tho prossurp-r.i_OJ"lontur.i relation the mor.enturn value for a 

particular poi�t i s  conputod fron the velocity of the r.min stroar.i 

but the hydrostat i c  pressure i s  cornputod from the depth of tho cain 

-il-
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stroem + top roll. This prosonts a picturo of continuity in tho jump 

��ore hithorto tho noti on of discontinuity at tho ori t i oal dopth pro

vailed. 

To T.'18.ko tho dononotration concroto consider the jUI'lp sho� 

in Figuro 24. 

= 

¾ = 
1 . 88 er.l o  

9 . oo C!"l .  

� = .. 30 li tors por soco!ld por r.ietor i7idth of cha:mol • 

Tho height of tho 0"1orgy g1;adiont for dopth h1 oquals l.88 am. plus 

tho volocity hoad for a velocity, v = --�- = � = 1 .60 
1 , 000 X .0188 18. 8  

r..otors/s:·. cond or 1 . 88 + 12. m� = 14. 87 cu1. ; tha critical dopth t�1on 

is 2/3 x 14.87 or 9.91 a!!. .  a..1d tho dopth 3 .47 cm.  is choson. To uso 

tho chart, Figura 23 ,  tho depth  must bo convortod to corrospond to 

"h" on tho chart. ·rhc corrospunding h of tho chart for the dapth 
I ,  

h, = 1.88 cm. is . Ol
i = •0188 = 0. 1�5 m. and tho prt. saure-m.01::on--

. 032 3 . 0965 
tum valuo i o  540 Kt;. Tho porrosponding h of" tho chart for 3.47 am. 

i s  .360 n. At this valuo rtho nonontUI!l is 280 Kg. To sati sfy tho 

prossuro-ip.or.10ntum quantity of 540 Kg. ,  2 60 Xg. of Jr assure !!lust bo 

f'urnishod by us.tor depth . This quantity is found on tho prossure 

curve at h = . 725 :r.i .  T�o corrospondin.g hoight ot tho quantity under 

discussion is . 725 x .0965 = .0700 n. or 7 . 00 en. This is the total 

wato·r dep th at t ho point chosen aT,d tho thickne ss of tho to:p roll is 

7.00 - 3.47 = 3 . 53 en. It uill bo not iced that the no!!lontUI!l of tho 

top roll is taken as zero. This is justifiable bocause tho net lonsi

tudinal velocity of tho top roll i s  zero , as shomi in figures 31 and 

32 .  
-12-
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Tho top boundary of t ho  !:lE.lin stre8!1 nay b� uorkod out by 

repeating t h i s  construction. See Figures 24 and 25 . 

The top roll is thus seen to be a necessary part of a jump 

by virtue of requirement of continuity in the pressure-momentum re-

lation. 

Considerati on of t he energy curve in Figure 2 leads to the 

same conclusion . If the curve i s  followed to  the right trom the 

abscissa corresponding to depth h1 the critical depth or point of 

minimum energy 1s reached which of course would indicate a less amount 

of' energy tha..� t hat existing at h2 , tho lower ond of tho jump. Since 

· an acoossion of' energy fron outward sourco is procluded the energy 

must bo in tho jump and it is in fact in tho top roll. 

Tho water in tho top roll obviously car,.not remain at rost . 

It is carriod forward along tho contact lino botwoon it and the main 

stroam by tho dragging ottact of tho main stromn. It i s  carried back- · 

ward ·alone tho top by gravity . The to tal rosult i s  a swirling motion. 
of 

Thero is considerable Io ee /onergy in this mass of swirling wator • 

rt is  not possiblo to toll how tho total onorgy lost in tho jump i s  

divided botwoon tho top roll losse s and intornal 'frict ion losses i n  

tho main st rean.. r t  se81:1s probable, however, that the latter is much 

tho le.rgor loss. 

Tho just doscribod form of top roll rna.y be os.lled a froo 

top roll ( the name adoptod in this translation i s  " free jump" )  t o  

dostL,gui sh it from other forms to bo la tor described. 

Experiment s by  J .  Einwachtor on jumps of small energy loss , 

-13-
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( 

and honco small jump, show that under su ch ci rcu.�stances a small 

ground roll takes the placo of the top ro ll .  This appears to bo the 

roason for tho small onorgy loss . 

B. Tho Moving Top Roll or Boro . 

As p�vioualy atatod, thero aro two conditions nocossary 

for �he formation of a jump :  {l )  tho oxistenco of tho conjugate- wator 

doptha implied by rapid �!' tranquil flow , (2 ) sutficiont longth of 

bottom grade at the proper olova.tion to support tranquil flow. Tho 

casos in Vlhich thoso conditions do not oxist fall in two claseos ( 1 ) 
h vh1-----;�·- · -Clasa l whoro h2 (.__ - ..1. + ...l + 1 1 in which case tho chango 
2 4 g 

from rapid flow to tranquil flow - cannot occur . ( 2 )  Class 2 W'horo 

� ) - :11. + \ /
h
i ;�1��- . In this case t:b.o transformation of 2 \J '4 g 

hydrostatic pressuro moans moro than a change in velocity. Additional-

ly tho jump basins to travel up strea� with such a velocity of trans

lation that tho prossuro-r.ionentUI!l oquation is satisfied. To invosti

gato tho caso the equation r:1ust be sot up in its general form • 
• 

· Follouine the nomenclature of Figura 26. 

� _ � = � h
2 _ '1h1 + W { h2 - h1) v2 

2 2 g g g 

{w = velocity of translat ion of tho jump or bore ) 

roducing tho abovo 

- - - - - - - - -

but - - - - - - - - -

-14-
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bo causo Q above tho jmnp must oqual � below 

or = 
( vl + w ) 1J:.  

h2 

subst ituting the last oxprossi on i n  ( 11 ) 

h2 h2 ( v1 + w) h1 .:i. 2 = x ( v2 - v1 ) - -
2 2 g 

Equat ion ( 12 )  :n.a.y also b e  wri tto� 

= 

substitut ing thi s in oquati on ( 13 )  

I , 

- - - - - - -- ( 13 ) 

Thi s i s  tho oqua1 i o':. sho\m by Ph . Forchheimor (Wassorsch...,all 
I 

und Wass,Jrfu.'1k Loipzig und ' Wi on 1924 ) for tho vo lo ci ty of the bore . 

It  i s  also tho oquati o� of  tho translati on or a ju.�p . I f  w i s  na.do 

equal to O ,  them 

0 = 
2 

---� ·--·· ·-- -
Vg (hi"°+�-) ( VJ. - v2 )  2 

+ - 2 · + 4 

2 .., 
vl + ..,v1v2 + � = 2g ( h1 

+ h2 ) + 2 Vl - 2VlV2 + v� or 

2vlV2 = h1 + h2 but si nco in thi s case v2 = Vlhl ' 
2 

h2 + h1 = 2v1 X 
v1h1 = 

2v1h1 anq 
g Ii? gha 

2V'fh1 whi ch i s  equation - - - - - - - - - - - ( 5) 
e; 
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Thi s equati on was provi ously doducod t o  shov tho rolat ion 

boti7oon rapi d rlor. and tran,u l l  flor: in t ho ord inary jumy . It i e  a 

modi fi cat i on or tho ordinary jump fol'!?lula of Bro sse , nar.ioly 

-- - _h1 + V
'-hi·-. 2vth1 

h2 
--- - - - - - - - - - ( 6 )  

2 4 g 

1.Th.on tho boro or moving jur.1p roache s tho slui co gato or 

uo i r  no rurthor translat ory mo ti on i s  possible a:.1d a novr phonomona 

appoars .  'l1ho "i;ator ovor tho to-p of  tho ma.in atroam bocauso of the 

vi sco sity  and turbulenco along tho bordor �no botvoon i t  and tho nai!l. 

st room rc co i vo s onorgy i7hi ch kca ps it  in  const a'1t noti on .  Thi s notion 

i s  i n  tho forr.1 of a b i g  srri rl r:i th a hori zontal axis and it  i s  hero 

call0d a buck pro ssuro t op roll to di st ir.guJ sh i t  trar.1 tho ordinary 

t op roll . Under thi s t op ro ll tho r.iai n strean changos fror. rapid to 

tranqui l flo� passine thro ugh crit i cal depth and of course i t  looses 

energy . A part o r  t ho energy is lost by internal friction i�  tho 

j\L�P and t ho remainder a s  fri ct i on in tho co�tact zono botwoon the 

I!IB.in stroa., and tho t op roll . Tho se lasso s  arc trana:torcat ior.a o:t 

kinot i c  onorgy to heat onorcy . The '\7ator in tho t op roll despite it s 

sWi rl i ng raot i on i s  con stant ly and rapi dly changinr, as ilB.S domonatrated 

by tho use of dyo s .  

c .  '.!112 Back Pro ssure Top Roll . 

'rho uat or surface of tho t op ro ll nust satisfy tho conditi ons 

onUI'lorntod i r� t ho follo\7i :t'� explanati on .  

The oxi st on co of a ba ck pre ssure t op ro ll i s  cond i t i onod upon 

tho ex i sto,ce o f a tni lrm.tor dopt h in ox coss  of that Tih i ch a froe j'Ul"lp 

-16-



can sustain for the sano conditions of quantity and gate oponing or 

h2, tho tai lTTator , nust ho groator than h2 in the formula 

= V--h2 
+ f + (6) 

Tho prossuro-r:!0!1SntUI!l oquati on is applicablo to all casos 

of the hydraulic jump . In tho case o r  tho rioving junp or bo1·0 just 

disc11ssod, tho variable relations botVTGon tho hydrostatic prossuro and 

tho �onontur.i of tho moving uavos rrero satia:f'iod by the translation of 

tho ju..'tl.p . In tho ca.so of tho back prossuro top roll they aro sati s

fied by an incroaso in �ator depths. As shown in Figuro 27 tho pros

euro-:nm:10ntun equation 1:nist bo as follows: -

� = y - + y .9. V2 2 g 
( 15)  

( In this papor the discussion is  confined to roctangular 

c:1annels a!'ld the rolatior..s are m-i tten for a longitudinal soction ono 

w1it wide thus eliminating b �  the width , from the equations ) 

In the back pre ssure top roll the thickness of the top 

roll increases  as the tai l  water depth � increases . The water sur

face becomes more and �ore quiet the greater the increase in thickness 

of' the top roll . The water currents in the jimp show regular flo'1 

and oven though the water in tho top roll is constantly being ronewea , 

the direction and voloci tie s of the stroam linos in tho various 

sections of tho jump ronain tolerably constant. For this reason an 

exact study of tho prcssuro-monentum relations roquires consideration 

also of tho mor1onturr, of tho top ro ll ( this is in contra-distinction 

-1?-
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to tho considerat ion of the ordinary froo jump in whi ch tho mo!!lontum 

of tho top roll is negle cted ) . For a roach botwoon two socti ons such 

as shown in Figure 28 tho integrati on of tho prossuro and mOI'lontum 

givo s  tho following valuo s  to  equation ( 15 )  

Y 1h1 + �
2 + y .9. v

l + y .9.' ( vl - �l ) = 2 g . g 1 2 
h2 

y .....&,, + y ,i V2 . - - - ( 16 ) 
2 g 

In thi s  equati on q ' , vi ,  and v! are the quanti t y  and moan vo loci t i os 

of tho top .._., ro ll . 

The soluti on of' thi s equati on for A h1 for any cho son so c

tion and dep th of' the ma.in stroaui wi ll gi vo t�e rai se in tho water 

surface 

( 17 ) 

In many places , for instance in  tho vi cini t y  of  tho go.to , 

and also at . tho point s of greater thi ckne ss of tho t op roll , the 

valuo of t ho  momontum in tho ro ll i s  of srnall value and t ho ox

pressi on 7 • ( vi - v�) may bo omi tted from th� abovo formula .  Two 

swirls wi th vert i cal axo s and locatod right noxt t o  tho gate at'O 

always obsorvablo and horiJ t ho cor,.ponont of tho rnornontmn in ·the di rec

t i on of  tho main stroam fl or. is zero . 

To to st equati on ( 17 ) oxporimont s woro conducted vri th vari -

ous condi ti on. s  for tho r1ov1 thru tho gato , and r1i. th various tai l water 

dopths . Voloci t i o s  rroro measured at vari ous so ct i ons of tho top ro ll 

V7i th a pi tot tubo . Fron t:io so : ol>sorvat i ons it vras 11lrrays po ssible to 

dotomino tho dopth  of tho �.ai n strorun and also tho ve lo cit i es and 

di scharge o f tho top ro ll , Tho rm.tor surface at each cro ss-se ct ion 

-18-
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T.t� IV 

Obaenations ot Experiments Showing Oampariaon at Obse"84 and Celaulate4 ' 
Depths ot Ba.ok PnaaU1"9 '°' Rolla 

Obaened Cal� Dlttennaee 
. oulate4 {1 )-(Z) . . . -

f Distance "· 
( I )  (2) No . 

CID, \ ot ... .... .. . Ge.ta "· + l it "• + .u 
Ezp .  CID 

CID, 

I I :!ft 10,1 1 21,79 2'1,81 2 1 ,.1, -: 0,1:! - 2,-lll 

2 • 31 1,1 1 :!&.7? · 2 1 ,29 ·  :! I .SO -: 1 1,8 1  - 2,80 I ' 
3 • r.., ... . . :!&,it 2:!,-1& :!3,-&:t - o,e, - 2.1-1  • 1 . 0 20,1 1 2i,:!:! :!Ull 23,:.-'9 + "·" + 1 1.n • • ,10,0 I 27,2:! :!3,')3 23,,9 - o,ue - l),fl:t • su,1 1  

I :!:!.:'8 1 7,69 17,61) + 11, 19 + 1 .1 19 • I , .  
7 'if) su.n

; ! :!3.90 111,3-1 1 7.IU - - + oM + s.12 
I ·  I -11 1.1 1 . I :!J.90 17,:11 1 7,dl - u,:.10 I - 1 ,-18 

10 10 n.n1 I l !l,:111 1 :1.110 I UU - n,on - -1.13 

I I  • ... ... . Ut,-10 1 -1,811  1 6,iO - 1 , 10 - 7,0l 

13  .ao 1 1 1,1 1  
i 

IUI I UII  l &,40 + 0.11 1 + o.� 
18 • 11 1.1 1 I 

i ' . ..... , 8,JNt  M,1 17 - 0,()i - 0," 

•• 30 D,CJ I n,o:, J:t.ao 1 3,'IO' - 0,.'II} - �17  

� • n,1 1  I S,"IO 8.'-'• 9, 10 -e.so - :t,:.'9 

31 lil t -11 1,1 1 , ,.oo l t,70 l&,00 I : - 11.:to - :!,nn 

33 • �" '·" I MO 9,1ft lt,:!-1 + 11.:.rt + 2., 1 

:t-1 :!6 �lf l,1 1 17,-10 1 -1,70 I UU -f- 11,:IO + :!,118 

so • NU,O 1 7.-10 1 7,:IO l ft,lt) + o,.a + :!,Ill 
0 "" • 1 &,u I 2,'-1 1 11,70 11,:.'0 f ... �, -f- 8,10 ... 20 21.,, Jft,'11 1  IUO . ... � - 0, 10  - 0,t\i 

'7 Ill :!&,O . .. ,,... 1 3,7.» I UO - 1 1,!tO - ,1,19 .  . .. !' 16,0 li,30 
I 6,-IO f\,-10 ±",00 -f: 11,t,O 
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· Velooities in the Top Roll 

Dtaohal'se = 'l" 36 �"'' 
Distance below sluice gate = 25 •• . 
Tailnter 4eptll h•• 17,o ""· 

--
... -

-------------------------' ,l . .  

• 
de, Jo 

J'ig. 31 

' ---

Diaobalile = q,•36¼111• 
Distance below slu1oe gate = 40 om. 

Tailwate:r clapth · h1 • '7.0 .,. 

· t  
----------- !. 

:o 0 

Jtg. 32.  

·to  
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q -�0 SO. l.ie, m 1 

h1 = 2.82 cm. 

h, = 1 7,55 cm. 

q = 30 1./a. m 1 

h1 = 1 .36 cm. 

11: = I 3.S8 cm. 

q = 40 I, '•· m. 1 

11, = 2. I S  cm, 

l1
2 = 1 7.60 cm. 

:rig . 35 
Back Pressure Top Roll ·Below a Sluice Gate . 

6.Vl30. 

6 Vl.30. 

7 Vl.30. 



>7as taken t o  l)o tho r.:oan of tho hi gho st and lorost position of tho 

surfaco as ob oorvod TTi th a pointed Gago . Tablo IV shows tho ob sor

vat i on of aovoral test s .  A comparison i s. sho-;m botr.'oon ob sorvod and 

cal culated value s of h = h1 + A h1 • The di ff'oroncos havo max:ir.nm 

value s of +6 . 1  and -7 . �  and aro att ributed t o  errors in r-.oasuro:::-,ont s .  

Fi guro a  2 9  an d  30 depi ct i n  profi lo tho di vi si on of' I!'lain 

strear.1 and t op roll and tho variat i ons in volocity at a nur.bor of 

se ct i ons  f'or tTTo ox110rinont s �ith tho aano d i ochargcs but di fferent 

hoad and tail  uators .  Tho so ct i ons nearo st t ho  gate sho".'1 tho hi gh-

est vo loci t i o s at tho bot t 0� ,  end s :10TI a rapi d docroaso of voJ.oci t i os  

as tho di stance frori tho bott or: incroaso s .  J.i\l.r thor dmmstroan tho 

hi f)lo st vo loci t i c s o ccur abovo t:ic. bot  t o.-"'.:' .  I::i the so ficurc s the ro

tardinc affe ct of  t�Q top r� l l  car. bo �b sorvod . Tho oausp of tho 

do croaso in  volo cit io s i s  at tributable t o  tho bordor z .:,no botwoon tho 

na.in stroa.":1 and tl:o t op roll . T'.10 riain  stroa, inpart s a part of i t s  

onorgy t o  the t op ro ll  and thi s  i s  convortcd i nto hoat b y  tho in

ternal fri ct i on a'ld turbulonco of t ho ro ll . Tli o change in st ylo o f  

flovr end tho paaso.go of t ho n1in at roa"'.1. thr,:mgh the criti cal depth 

�li1ayo occur near t ho ond of  t h o  t op ro ll . 'rho voloc i ty can uo r:caaur

od in only tto lor;or porti a:;:� of t ho fi r st Go ct i on bolo".7 t l�o guto o.a 

the sm. rl s ub(Y,o no:1t i onod r:�ko noasuronont nouror tho ourfo.co in

possi blo . 

To  sh,)TT up t !10 vo.ri o.ti .-;� s in  vo l .> c ity  i n noro dot ai l ,  

Fi curo s 31 -34 ·::oro r,ro parod gi vi ng tl10 detai l s  of soYoro.l :ib sorvut i Jns 

t , a lo:r,_;o sce!. lO . 

Tho ph�)t , .,gruph c ,  p.:igo 3S , 1.J,_0-:-: t :�a p . , s i  t i :.m and di vi sL,n 

-Hl-



of the flor, into nain stroc. .. ·, and t op rt.., ll irnodiatoly bolou tho gate . 

Thi s sho":�i:ng uaa r.lll.do possi blo by the use of' dyos .  Ba causo CJ f t ho 

intorcingling at tho bu rdor zc,no tho sharpness of tho di vi si on lino 

do croasos  uith  tho di st ance fror.i tho go.to so that at tho lo�or ond of 

tho t op roll i t  i s  lo st a."ld tho .rholo mass i s  ono co lor . Fieuro �5b 

sh�us thi s o spo ci ally "17011 . 

Tho oxporir.1ont a sho":T that back proEJsuro top rc,11 cuts d D'\"1'!'. 

the di scho.rgo fur a gi von gato 'Jponing c.nd o.lti-J that the head wo.tor 

nust bo rai sod in order to so cu.re t:.ie sa.r·!O discharge ui th a gi van 

go.to oponins as cur.po.rod Tii th c .. Jndi t i ::ms ,mo:r1 i'roe :t'low prow.Us . 

Thi s  houd i ncrease AH ,  ( see Fi gi1re 36a ) i s  equal to the depth of the 

t op ro ll at tho point whero the water sur:t'ace in a free di scharge 

condition ( i .e . , at tho vcna contracta ) i s  a minimum. 

The · assumpt ion of oxe..ct corre spoudenco of the minL"?lW!l point 

in t ho t op roll surface and the veno. cont racta o f  the :t'reo di scharge 

jot di sre gard tho  S:Jal l vari a ti ons in the cont ract i on whi ch ari se s 

in con soquanco or  the �H increaao in tho head water . 

rho ox-parinont s con:t'l.r:n t:10 appli cability of tho thoory of 

a constant va luo for tho conblnod pro sauro-mornontum o:xpro ssi on :t'or 

tho back pre ssuro t op roll . Co11 si derin; t:.ic caso at tho '.lordor lino 

botwoon f'roo di schargo and back pro ssu.ro top roll i t  i s  possible to 

sot up two oq_uat ion s  Whi ch show tho conno ct i on botwoon tail  wator and 

hond wator increasos . In tt� s  pro ce ss  certai n  rostatol':lBnt s and omi s

s i ons  arc no ce ssary , the principal of whi ch i s  t ho ot1i ssi on of t ho 

offo ct or t h o  momontum in tho top roll at th o gate as provi ously 

-20-



\_ 
u 

i\:
 

- -
--· 

-
-

'
 ' 

�
 .. 

.I 
" �, 

-
�

"-
I 

' �
�

 
.. I 

'\ "
:\,

 

.i 
' � ., 

! 
• 

rt
 • 

( 

�
 

• l 
i
. 

J 

1: 
s II 

11
.a I 

.. �
 

... 
'1 

Q
 

?
!
 

I i 
! 1i 

-

\t • , .. ,,. 
a ,, 

-
.. 

.... 
I 

I _L_l_J __ J ___ : 
.. ,. 

---_, 
I--

� � e -
�

 .. 
., 

.<!
 

---, -

--
I 

• 
I ' 

1-
' . 

�r,�"'� .  
---...... 

. : \ 
·-

.j 
� I 

-
.. ·1t 

·x
 

� a 
I 

' 
I 

·---·· --
\. 

... 
-

�
 

''--
' 

' 
\.. 

' 
'\ '\ 

--
- -- -

_ _.
 

- --
--··· 

·-- --
--

\M:
 . .,. 

I-
-

-
· 

··-.. 

\. 'II
 

--i--
-

-

-·-· -· • 
·---' 

...... 
---_, ----' 

·-· �· 
�

 --· 

�
 

.... - · ...... 
--·. -··-· i • a . 

····--
--1-

·-

�-·--
·� ·---... 

. . ··-----· 
·--· 
, 

. 

7
 %
 

-
·'Cl

 

------· 
---· -.,,. 
, ... 

____ , r-
-· 

' 

�
 

-Q
 

.. ; .. a .e 
... -t::-.,. 

-� _, ... , -1: 

-! 
�

 

•• 
--- ··· ... __ , ..... 
---· -··-.... 
\ ... · - -�· 
. ... .. ' ..... '"' 

• • 
.... 

u 
ft

 "' .� 
N

 .. 

I
 a, 



mont i onod . Sao Fi guro 36a for tho moaning of symbula.  

Y h2 
+ � r- Y ! v

1 
= Y 2 + Y ! V'2 - - - oquati on ( 6 ) tree di ocharge 

y (hi + .d h1,) 2 

+ y .9,. 
Vl . 2 g 

ti on ( 16 )  modi fied 

subtract ing 

(h1 + 4h1 )
2 

- ih� 2 
(h2 + Ah

2
) 2 

= -----
2 

Solving l:'or 4 h1 "� !Ji H 

2 

00 .  -;;---------- ·-- · 2 02 
4 H  = 4.h

1 
= -h1 + \/hi_ + £\ h2 (2112 +A112 ) - -·..:. (.L -g h-, 

I .., 

---- equa-

--
Figure 36 sho,1s tho couputod and rnoas11rcd re lati ons botwoon 

head and tail  wa�ors for the di schargo of /50 litorc/so cond p:,r motor 

wi dth o f  cho.nncl und init ial 112 of 11 . &0 er.[ . Tho oxpori:;iontal data 

is given in Tabla V. T:U.o vari ati on bc twoon computed and obso1·vod 

value s fall s  botr10on tho lini ts of +3 . 3';,  and -? .8$. Tho oxpori::io nt 

was no.do by fi rst takin:: noasuronont s :f'ro7 a frco flow.i.ng junp and 

then drawing tho junp by vari ous a.-:1ount a .  

Fro�n thoso obsorvod rolati o;is  a fornula ':."as doducod i7hi ch 

i s  appli cable to pract ical casoa of flo'il frCT.1 slui ce gate s  i7i th back 

proasuro to� roll s .  ( Sao part 3 ) . 

D .  !!,.ongth of �h o Back Pro sm1ro rop R!,)11 • 

In tho course of tho oxporinont s  on buck prossuro top roll s 

tho longth of tho top rt:>11 was also studiod . Thi s  length i s  cor.si dorod 

-2 1-
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TABLI YI  

Obaufttiou � :1Qerlm9nta to Detendae the Ianph flt the Bau � 
Top Boll 

.. 

laglJl ·
ot , h, h, h� - h, ha I 1,; •o. ,, top BoU ' 

I I ,,, _; •. -· I •· ' • ' cm. :,a. C'ffl, CID, I 
', 

I l 2fJ ... 1 1 .59 111  .... , :!.i:! N 11. 1 3 

!I • ;,1;· i,;,1:! 20.11 3.i l J:!f) ,.,, • I f• • 0.'12 20 ··-•• • '" �' 3 �  I I) 6.!I:! 

7 • · ·-� t·•• . ' 91.:1& 1.36 . . . :t.M 

8 l(lt I.ill 1 11.IU 11.�'0 1.W · ";.:, ...... 
10 • 6.2-1 :!6.� 1 11 1, .• 9'.! I I � ..... ; 
I I  an ll.,. , 2U:! .... . ., --· · - '!.: ... i::1 !J.� I 

18 " 3.111  IU9 1 1 .111 -1."U ·� ft.it• 

•• 1.11 1 l i.:M II.:!" •, HJoJ �-ii ... It.CO 

II • a. 10 l:!.'-6 1 1 1.76 G. 1 1  IU I.tu 

2S 80 . .... · :?UI I :?3.UI uu, 13U . ... 
to . • , .. · 10.,e ll.UI 6.l-:! Ii.I ua 
Su II U3 :!!i.11 , • .  Ofl l t.'1ll t :?:I 1.10 

at • u., IIJ.79 ,, .. ' 1 3.lllt ' . , .. . •••• 
lfl 211 , .... . :!i.f•t ze.u!t ·"'·"' , ... . t.17 

•• .. uu ...... 8.118 r,.07 .fO · •  r,.n . 
41 . . . . . .,, I-I.II I UO �'11.70 M 4,'t! 

n • U.11 l :!.81 l:!. 10 :!.f.�IJ � u:, 
... • I I.I I  l :!. l !)  1 1 .0I  :!:l,"(,J IO 1.16 .. I . ... , 1.rn 8.16 IU)I . :1;,r, :-.., .. , • 
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C 

t o bo the roach from the gato t o  tho point whoro tho backward r.i.ovo 

r.iont of water cea sod a s  doterr.iinod by tho uso of dyo s .  Tabla VI 

shows vari ous valuo s for thi s longt� . Tho point s shown in  Fi guro 37 

woro dori vod fron the re lat i ons h2 and _ i_ in tho sru:ie 11B.I1ner 
h1 (� 

that thoy woro sot up in tho di scussi on o f  tho length of tho froo 

j unp .  Tho atrai p,,ht lino through t ho se point s  .s�or.s t he sar.o sli ght 

downward slope in t�e d ire cti on of in croasing valuos of � that Tias 
h1 

obsorvod in tho caso o f  t ho t�o junp .  The oc;,uati on o f  thi s lino i s  

.R. =  ( 19)  

Tho noasuror-ent s of t ho longth of tho arTi rl i ng zono of t he 

junp ,  and t�1eir  oxpre ssion in toms sL""'.li lar t o  thoso usad for t ho 

ent i ro length of t ha  j w::�p gi ve point s i1hi ch also li e close t o  a lino . 

Tho ao phonorona arc vory sini lar in tho t-;To caso s of free j ll!1p and 

back prossuro top roll s .  Tho longth of tho ju.,p is alilays lareor 

than the ovor-lyinr; top  ro ll b oth  in tho ca.so of t ho freo jll!".1p and t ho  

back pro ssuro t op roll  junp , Tho lor.gth o f  t :10 , jump i a taken a o  tho 

longth of  t :10 roach fro:., t'.10 poi nt "Jhc re h1 is ::::ioasurod ( vena contracta) ,  

tho point whoro tho uator begi ns to  ri se ,  t a th o point ,;hero h2 i s  

rnoasurod , tho po int uhoi·o the TTator surfe ce roache s i t s  grcato s: 

ho i �.ht and bo�i ns t o  fall i n  tho d i ro cti on of t ho stroar1 flow. 

Part 3 .  

A .  

Exporir.ont s on tho Flor. Fro:-1 a Slui co Guto . 

We.tor Surf a co Bolo'\11 · t ho Gate . ----------------
In the co.so of flo\7 under a slu i cc whor0 a ba ck pro a auro 

top rol l occurs i t  uas  ou sorvod t ho. t tho tui l wat6r had a r.axi�u.� 

-22 -
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depression at a certain distanco fron tho gate . At tho gato the 

�ator surface i s  a l":18.ys sono�hat higher. Exanination ot photographs , 

Fi guroa 35 and 38 , show this plainly. 

Figure 39 shons the noasurod rator surfaco for threo differ

ent circunstancos of tai l '.7a.tor . Such e. f'orn of water surfaco occurs 

in all co.so s of dromiod outflo'.7. I'he riso of tho ,1ator ovidencas it

self by tho contraction of th.:J outflo,ii ng stroar1 . At -tho point of 

groatost contraction, uhc ro y ..9.  v haLJ its greatest value , thoro i s  
g 

also found tho loTTo st point in tho water su.rfaco of tho top ro ll .  

'.rho contracti on o f  tho uutflo·,1 ro q_ui ros a cortain longth . RiGht at 

tho go.to tho cur:.trE.tcti :m i s  s:-1£.ll honco tho oxprossion Y 'l v of tho 

nonontun-prossuro oquati c.,n hao r..Jt atta.i:r.od its :'.18.::ir.iun valuo . As

swung that tho t,..,tal value 0r tllo pro ssuro-:r.i.ono!ltUl.1. oquo.t ion is 

c.)nstant it  is thoro fore noco soo.ry that tho �..!_ ll h) part of tho 
2 

oqna. t i cm bo lo.r{<:or to I!'..nko up th-:> doficionc:,• or tho.t tho no.tor depth 

o.t tho gate bo eroo.tor tha"l o.t ti.10 veI10. co:,tro.ctn. 

B. Di scho.rgo li\.)rr.iulv.. 

Tho cont rn.ct i o:!".. of t !10 i7o.tor surfo.co o.t the vena contro.cta. 

is or sroo.t i:,porte.nco i:1. tho pra.cticnl v.pplicnt ion of fomula. to 

flo�: thruugh slu i co o  YTi th :mcJ,c pre ssure fl o-::- co:1d. : tions. 

Cur.s ide r tho u ::mc.l flo-tr fuI'!"lulr. 

( 20 )  

Assuninc; that h = I I  - 11..
2

, Fi .sure 40 , sor i uus d iffcroncos botwoon u 

cor.putod ::'.nd <Jlr nerved di sclm. rgo occur i r. cortnin co.sos. The ccJr.,.puted 

-23-
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( 

( 

vn.lue i s c.lr.o.ys S;..nllor thnn tho a.ctuo.l vr:.luo . Koch ca.llod att ent i on 

to thi s  si tuation .  In hi s book ho givo s  t he nothod u f  co.lcula.t i ng 

the flon- of dror.nod s lui co s  bo.ood upon the pro ssuro:..nonentun prin

cip le but ho considers tbo pre ssure for the socti on below t ho go.ta 

t?  bo o.ppliod only t o  tho depth of the T.'llli n  stroen flou at t ho venn 

cont ra.ctn o.s shown in Figure 40 . To no.ko corre ct use ·o f tho no;::on

tun-pro ssuro theory f�r tho soct i on qltwen tho go.to o.nd t ho on d of 

tho t op roll tho pro ssure mu.st bo c-;nsi dorod us  o.ppliod t i) tho ont iro 

hoi gn.t of tho mi tor o.s previ ou sly p c) intod out . 

In tho oe cti on.s di re ctly belou tho gr:-.to it  i s po:r;-tl :; si b lo 

to negloct tho r:o::icn tun .:;f ·t ho t op roll  a.a prcvi :)U sly oxpla.inod , but · 

i t  i s  not pon1i ssiblo t ,.) noc;lo ct t:hc i nfluor.co of t'!.;o ri so in the 

ua.tor surfa.co o f  tho t op l"J ll ir. ca.lculnt i rms r:: f  tho hydr,1 E:to.t i c 

pre ssure . Such noglo ct hu.s produc ed sorL 1 1s e rror . Tho do scribod 

oxporinont s prrJve thi s  puint i n  t ·:,t ·'.J � Tho dopth nt tho vena. cantro.cto. 

nust bo tc.kon fr t,., c :.ms i dorc.t i on in t ho cr\J .cula.ti ,.,,-. of tho di scha.rgo s 

of s lui co go.toe  ·::i t :t:  drormod outflor. . Tho c;rrorning p1-o ssuro hoc..d i s  

By co,1b ining oquo.ti one 

Q = bh1 \12c ( Ho - h ) ( 2 1)  

and --- - - - - - - - - ( 15 ) 

c • >ntr11ct i :Yn c i )c,ff i c i ont i t  i s  pr;ssiblo t o  

dcdu co t ho 1' .·r:-1u la. f.)r tho C8. SO u."1dor c,., ! 1 si darn t i  :m b y  cho.ngine , 
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2q2 - --
or { 22 ) 

By elinino.ting q an oxprc osi on i s  �bto.inod fur h nhi ch co.n bo sub

st i tutod in for.:iula. ( 2 1 ) so a.a t .:-, noko thi s  ci. c0rro ct oquc.t Lm for 

t:':1.o di scharge . 

h� 2g ( Ht,  - h)  = q2 

h2
1 � {H  - h) 

s () 

Lot t 

than h 

nncl tho di scho.rco furnuln v:i. 11 �io 

Q, = r c.b � 2r. (H0
-t - � t 2+h�-2II0t 

= b 1"4- n v2g(I-Iu - r.. )  - - - - -

---- ( 23 )  

- - - - - - - - - - - - - (24) 

or 

- - - - - - - - - ( 2 5) 

As tho tni l 'ITntor louors ,  the thi ckne ss o f  t�10 top  ro ll de

croa.so s  and nt tho no::-1.cmt �·!hon t ho dopth a.t the vono. c-:mtrc.cta ,  h1 , 

nnd dop.th of tho tc.il  rm.ter h:z sat i sfy oqun.ti ,.m ( 6 ) a. froo junp bo:3ins . 

At thi s ::10::1ont A h  in equo.ti o� ( 15 ) bo c,,r:o o zoro , the di scho.rgo under 

the gate beconos indope!1dent 0f the tai l T:"o.tor depth.  Alsc � h of 

Fip;uro 41 boc ,-,r.1o s oquc.l to zero or.d h be e inos oquo.l to h1 • 

S:.:ou1.d the tai l rm.tar drop st i ll :1oro t'."1� jun}) 7.'i ll c,10vo domt

stroo.."'.l c.nd finally sh()uld the value s of h2 ran.ch , hk , tr..c cri t i  ca.l 

dopth , thc . j1r.1p wuuld di s�ppoo.r . 
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C .  Contro.ct i- .m o f  tho Jot Wi th  a. Sha.rp Ge.to Edey . 

For given depths of head and tai l water and a gi ven gate 

opening the form of the water surface of the pressure top roll in t he 

vi cinity  of the eato depends upon tho cont ract i on of tho main stroam. 

Wit h  a sharp gato odgo or other cause of incroasod contraction tho 

water surf'aco of t!lo t op roll i s  depro ssod furthe r than in tho · ca so 

of a rounded gate odgo . 

To t e st tho corro ctno ss of tho fornulas abovo doduced , tho 

value s o:!' r '  the coe ff i c i ent of cont ract i on ,  wcro doton:1inod by 

oxporir.iont . 

R .  Hi so s doducod tboorot i cally tho valuo of thi s cooffi cient 

for vari ou s case s of di schargo fro·--, a ve sse l . Hi s  wo rk i s based upon 

t ho  " pot ent ial" t heory and i s  civon i n  a book ontit lod " Cnl cnlat ion 

of Ori fi co and Wo i.r Cooffi ci ont s" . Dy o.ssu."'ling that gravi ty ei':!'o ct s 

on the jo t nay be nor:lo ctod arid by assurn.ine th e insert ion of a flat 

plato in tho I!li ddlo ·  of tho or i fi co i t may be roason'=ld that the di a

chargo i s  vory simi lar t o  that undor a s lui co gato as in thi s caso . 

Bo causo tho slui co �ato of t ho oxpori::1ont s was sharp odgod 

tho value u sed for tho coe ff i ci ent of contract ion was that calculated 

by Mi so s for tho oi::ni lar character of ori fi co odgo . 

Fi gura 42 sho�s o. curvo gi vine tr.o  thoorot i cul value of tho 

coe ffi ci ent f0 r VHri ous va lue s :)f tho rat i o  of t ho r,at o opon i nc; " a" 

and tJ:i.o hoad on tho co.to s i l l  r1a • In tho sa.r10 fi g, lro und wi th dashod 

lino s  i s  shmm o. dni lar curvo bu sed upon tho o:.cpcrir.:ont s o f  thi s work .  

Tho ob sorvod val11os  fron wh i ch tho curvo Vl'ns constructed aro shown as 
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TABLE V 

Obaenattona ot Experiments Showing the Relation Between an Inorease in 
Ta1lwater Depth A h2 end the Corresponding Increase at lfeadwaur Depth 48.  

No. 
at 

Exp .  

2 

:t 

, " 
I. 

• 
7 

8 

HI 

I I  
I�  
23 

26 
27 
S2 

a7 
-Il l  " 
·� 
"7 ""' 

I 

I 
! ,, I 
I ' I I I ., •. m. 

l :!1 1  

. . 
.. 

J I N I  

.. 

.. 
811 

.. 
flt) 

" .. 
80 

.. .. 
:!1 

.. 
I 

I 
•! 

:!O 

.. .. 
80 

· ---
It, 

em. 

6,1 1) 

. i,tii 

7,76 

uo 

6,84 

,.1e 

,l,tl3 

,l,11\1 

3,lll} 

" .. 
I ,. 1 ,71 

.. .. 
l ,U 

.. 

.. 
I 1 ,3:? I 

I 
I .. 
I .. 

1 ,31 

I 

I 
I 

Observed · - - -- - · ---

''� 
cm, 

, I 

19�1 1 

28,20 
18, 10  
:!6,SIJ 
I :'!,fl& 
:! I ,Sit 
, -..eo 
:!O,O:! 
18,fl() 

:!:!,97 
H,20 , 
:!UO 
1 6,0-.! 
21 1,36 

J U I  
:!'.!,76 
1 1 ,0.0 
21,72 
2 1 , 13 
IS-,69 . 
tl,,10 • 

:!,l,!111 
1 &.71 

1 1 , l ti  
'-,65 

:!:J,!IO 
1 6, 1 -1  
1 1 1,:!3 

i,ll) 

:?7,68 
1 3,:!9 
8,4) 

10,115 
1 3.�tJ 

.\ "· 
cm. 

-1,00 

1 1 1,;1 1 

6,!1,& 

:!,S:! 

0,07 

1 0, 1 ) 

us 

�.31 

J S,9'.! 
D,83 
l ,i9 

, �.oo 
o.ss 
1 ,711 

I MI 
7,,1!1 

I , 'l" 

:.'0.�3 
6�,1 
1 ,40 

:!,i:t 

- -

I 
I 

' 

. 

I 

i . 
I 

- 1 Calcu'd 
( I ) (2) 

II 
.l. /1 .l. II cm. em. em. 

:!6.6 1  I 

:tJ,!1 1 I 7,81 1 7,30 
1 ! 1, .. 1 i 
33,H l !t,iO 1 8,U 
1 1,, .. , 

:!7,7t. i,t l  7� 
2,,2, 
/13,61 6,-14 6,U 
:!3, 11  
SI. IS "·"' t,91 . .... .  , 
au,ee 1 :!,110 

! 
I :!,tl6 

:?11,!16 

I !t:!,97 S,11:! .. ,6 .. 

:!O, l'i  
11:!,'" l:!,71 1 ! I :!,ti9 

i 

1 7.63 I 
17,61 1 \J,9 .. I .Jf',63 
8 1 ,!48 H,!fl l I H.:!I 
2 1 .S2 ll,'il) I :J,Oj 
J 6, .,. I 
li,9S :!1 ,-l!J I :! l. 1 1 
:!7.�,1, 1 1 1,61 1  I 1 1 1,Si 
:!1 1,"6 U:! ! ,1,:!i 
1 1.n i 
87,l'Jll :! I  ,I I' ;! 1 , 1 :1 

;!,,21 1 1 ,':! 1:!.• • • 

21 1,n ,1,, r!  &.lJI ' 
1 3, l !l  I 

38.7 1 :!U:! I 26.:!'.! I 
:!S,I N I  9,1)1 I 9.i8 
JU,,10 3.21 :t.:t: 
:! 7,IO 
13,69 6, HI  e.11 

I 

' 
I 

I 
I . 
i 

I 

; . 
I 
I 

i 
I 
I 

Ditterence 
( I J  - l l) --- -

em. 

- 11,1 10 

+ 1 1,S:! 

+ 1 1�1 

+ t1,I L1 

+ 1 1,1 17 

+ . ... . , - . 

+ 11.1J.1 

+ 0.01 

+ 0.11 
4- 1 1,1,e  
- 1 1, H J  

+ 1 1.:113 
+ 1 1.23 
+ 1 1, 1 ,1 

- 1 1.1 16 _ . .. . .. 
+ 11,()'.! 

+ o.so 
+ 0.0:1 
- 0,1 1 

- 0,6:! 

I 

I 
I 

! 
I ' 
'. 

! 
I 

--- -- -
s 

. -

- (1, .. 2 

+ :!,3!1 

+ :u1 

-t- 0.00 

+ o.or 

� o.,., -
+ o.ot 

+ 0.01 

+ 2,31 
+ 0,,111 
- U7 

+ 1 • ..., 
+ t.:t! 
+ 3.:!6 

- 0,:!,I 

- 1 ,1\0 

+ l'.IO 

+ 1 .1 11 

+ o.s1 
- :1,SI 

- 7,'i6 



'?ABLI VII 

Obaenatlou ot JIQ91"1111nts on the Dt�charp ot Slu1oe, Gates 

; Caloulata� 
Obaerve4 Aca01"41ng '01tte1"8noea 

to q - q. - - l'cm!mla -Aotual I i I 
Bo. f ·(2S) 

ot .. ... . ... H., ,, ''� q, l. '1.I DI I 'I, 
1q,. j I. fl I 111.' 

I 
:! :.•o SU2 :!.:!:! :!4 .i .. ) fl.70 - l':llO - 1 .IO ' 20 s-..:?!I 2.6 .. 11 1 . 1&,i. 1 11.eo - o.,o - :?.M • 20 20.S'-i :!.6, 1 3.9(' :!U.1"6 + o.:!6 + I .:!& 

Ill -&O 3U:? 2.0:! 1 ;,,1 0 -10.:!6 + o.:!& _+ o.G:! 

16  "'" :!i.&a :u:1 I U3 -&0.40 + o.tn + 1 .00 

Ill ... , :1ue 3.63 :! l.&3 39,70 - II.Si l - O.t6 

( 21 Gil 29.J :I 6.37 l i.'6 81.'40 + 1 .-.0 + s.oo 
2" en 22.,'ltt ff. I:!& l !t.47 en.go + 1 1,1\0 + uo 

· ao  Git l t.2& i.fWJ 1 6.30 60,10 - 0.tlO - uo 
3& RO 3:!.lti' ... � I :!0.:16 81.76 + 1 .i6 + 2. 10  I .. "'' fl,65 I ' 

i'4.00 :.19.'i) IA.i:? - 1 .w - ' ·"" 
7.H ltt ti •  26.M 

i 
l i.'12 itl.flO --:: 0.20 - 0.21 

u 1 1 11 1 :1.1.e, I i.M :.'I t.II".! IOI.PO ;t- a:oo + iuo I ·•8 100 :1.1. 1 :1 ... 62 :!".!.D7 (Ml,70 - o.so - 0.:tO ... 1 1 10 SO.I I 1 1 1. il :!t.so ttll.60 - 0.IO -o .... 
111 1 1 :..'t • S.1.!1 1 

I 
D.i':!6 :!3.:.'t t  l :!UO + uu + :u& 

6:! I :?cl :U.61i 
I 

I :!. I ,  !!t.'1 1 I I D.fli t - 0.40 - o.:1s 

ts 120 ... -.. I :l. 1 14 I :? I . ...0 I 1 :! l .iO -t- I .70 + 1.-1 :? _ , _ ,  - I i 

. ( 
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'l'ABLI VIII 

Comparison ot Calculated and Obsened Discharges ot Sluice Operating 
Under Preuure 

Actual I Observed Values 
Dis- I 

Values Canputed According To I - · · · · ·-
Equation (20) Equation (25) charge ,,, : II.. . ,, ' r-trcm .-:- - -· - - · I Depart �fioom-,,.:-. q .. 

I. • ·  m.• , Q Q I a. m. 1 I I e. ,n. '  . .  cm. cm.  cm . 
I 

I I I 1 1 ,(19 2.58 7.16 1 ,: ;; h.,f ; . l l 'ltl  lfl. I (I I tl. 10  · f  O.'>O 
40 ZCJ.00 2.'12 l .l.i >  12.110 I lt .llfl lll.00 ..... Jfl · i  fUO -t 11.7 '> 

50 .? l ,J2 4,80 I J,>'I J l .-ffl I lll.(10 _, - t7.ltl 49.,40 - fl.f,f l . f .20 I 

60 34. 19 4,60 18.l7- ! 49.,0 ! I0.50 : 1 7.SO w.;o f 0,)0 I II.ft J 
: 

I 
' 

80 19.44 'I.JO 16.IJO 411,ni"I I ) 1 ,flll I - - Jtt,70 714.l'i ,_ 1 .7; -l. 111 

I zun 
I 

"'1,S!) 100 J0,66 1 0.76 24,JO 75.'>0 I - 2-1.'>0 -0.'>0 - -o.sn 
n.no - !  1 20  27,72 1 2. 1 8  2 1 .fW ' 8),00 

I 
--·Jfl,tlj 1 2 1 .70 

1 
+ 1 .70 ·f 1 .42 

I I 
1 20  U.91 'l.725 ZJ,20 I 147,"1 JUO I -

27.00 1 24.50 +4,'>0 +us I I 



point s .  Tho di fforonco botooon tho ty;ro curvo s i s  not very groat . 

Th 1 .  · t  f · t 1 1 · a � 
a 

6 o upper 1m o oxpor1non a va uo s 1 s  � = . u2 or 
H 

= .  7 . 

Thi s li:r.1i t r:as set by tho 'JXporinon tal r.qui pnont ao tho point past 

VThi ch tho gato could not bo oponod und sti 11 11aintain a freo j unp . 

rt Mi e;ht have boon possiblo to over-stop thi s liri t by t i lt i ng  the 

a-ppara.tu c ,  but thi s would al S 'J have had a.11 effe ct upon tho hoad r.·ator . 

Thi s was furthe r  than i t  ':las de si red t o  carry tho oxpo ri:1ont o . 

Tho follo":Ting cquc.ti on 1'i t s  t ho  oxpori : .1ont al re sult s :  

,JU, =  o .617 + o . o4 � / Ho 

(Th i s  vuluo i s  not :i. n  acc01•d wi th  o �hor experi!:lont s  and 

cannot bo sub sto.nt i a�ed by  th::- o �.:por ii::cmt s ,  Tab lo V.  'rhoy gi vo a 

valuo or µ, =  . '10 , n vu luc also gi -.,m by King f'or ori fi ces \7 ith con-

tract i on suppro ssr;d on the si do c D.nd bot t on) . 

D .  Ro snl t s  of  :i:xpo r�t.E-•. 

rhc oxpl)ri·,.ont s shorT clo f.'') agroc · 1ont botrocn MOasurad di s

charge s and those ccr.:1pu·t od  ac cord i nr; t -J ror nula ( 25 ) . Tho b i ceo .ot 

di screpancy '\7as +3 . 9(1,� . 11hr: uso of  +. ho old  formnla ( 20 )  ,3aYe values 

consi stent ly s·1&l ler thr.n th o se neasured , the b i ,�cest dj fference was 

38 . 7% . Table VI I e;i ve s deta i l  valuo s for a nunber of expe rinants and 

cOM.raro s the nct :m l valuo s  ob sorvod ,:l t!1 vn.luo s conputod nccord i ne to 

f'omu lo. ( 2 5 ) , Tah le VI I I  sini larly conpara s 01:por i :1ont s and vn luo s of 

Q, conputod bo th o.cco rd inc: to fo :nula ( 2 0 )  ,md fo:rnula ( 2 B ) . 



E .  Diagrans for tho C01:iputat i1:E...£! Di schar,e;e s �.2!:__fil.ui co Gato s ,  

In tho calculat i on o f  tho di schart:o of slui ce gatos i t  i s  

do si rablo t o  lalow ( 1 ) tho charactor 0f tho di scharec for part i cula� 

ci rcunsta.nco s and ( 2 ) t ho  d i s charge . Usually the hoad wntor olovat i on 

i s gi von and i t  i s  de si red t o know tho i tons in  quest i on ass1 :1ning 

vari ou n va lue s o f  the gate opening or tho tai l wator . It i s labori ous 

to vrork out cane s using fo:i.nula ( 2 5 )  and to lighten thi s 'i.'ork throe 

di agrams wore proparod for sharp o dgod gates using tho value s shown 

in Fi curo 42 as the Mi so a values of tho coe ffi ci ent of contract ion .  

T o  nako tho diagra::-.a w1i voraally o.ppli cablo , quant i  t i o s  

woro oxprc ssod i n  toms o f  rati o s  instoQd of ci ving ab Dolute values . 

I-I a h2 
In di agra:n II the se va.luo s �ro -;�73 , -

42
73·, und G..273 . In d i ue;rari.s 

q h2 e. I I I  and IV thoy aro --� , -, and � • In all cano s  E i e  tho ho i;_;ht 
H3t 2 H ;:-, 

of hoad wat or ab o ve the gat e si. 11 ,  h2 i s  t� ,c  d O i)th of tai l  TTator , 

" a" ,  tho gato 1Jponine, �1d q t :ic di s che.rgo . ( Unfortunate ly thj_ s d i d  

not r:-0rk out as tho aut hor 5ntended a s  h e  use s for q the d i  scha r.0�e in  

cub i c  met er s per se cond r-er :::1.et er wi dth of openinf and thi s is  not 

made a pure nur.iber b�r multi pli cati on or di vi sion by  linear di!",an sion s  

such as H ,  112 and a . )  Not ched line s near the borders of t he di agrams 

indi cate t ho li�� t s  of expor i�ontally verified relati ons . 

To !'1akG the u se o f  the di agrarns easior the value s of H0 , 

he i r)1t of tl1e energy e;radient above the gate si ll , in equat i on ( 2 5 )  

were repla ced , aftor appropri ate corre ct j_ on , by the valuos o f  H ,  tho 

hei ght of the hoad water abovo t ho cato si ll . 

Tho d i agram.s are di vi dod into 4 zono s :  

Zono 1 :  D i s charge Whoro tho top roll  causo s  back pressuro on tho 

-2 8-
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gato oponing , the caso where formula ( 25) is applicablo . Zonos II ,  

I II , and IV froo diachargo ,  whoro tho tail wator dopth is to bo takon 

at tho value applicable to tho vona contracta ,  i.o. , h 1 • 

Zeno· I I ,  h2 > hk covors the case whore tho jump occurs a.t some 

distanc.o frcnn tho gato. 

Zone III ,  h2 � hk covers tho caso w'hero tho jump doos not occur 

bocauso conditions permit of kooping up a volocity in oxcosa of 

critical .  

Zono IV , covors t h o 011100 Whoro 11:z <. hk and th o velocity continues 

to accclorato aftor loaving tho vona co:'ltracta . 

Tho border lino botwoon Zonos I and I I  is  that whore condi-

t i ons arc such that a jump bo lo� tho cat9 is just obvious ; tho lino 

bot'.'Toon Zonos I I and I I I  is that whoro tho cri t ical dopth is just 

roached ; th� lino botwoon Zones I I I  and IV is  that whore h2 = h 1 • 

Diagra.� I I  shows t�c hoad wator H as functions of t�o gato 

oponinc "o." , and tho tail 77atcr h2 for gi ven values of  Q. . By it s uoo 

H can bo dotorminod for choson valuo s of q, a and h2 • 

For i i1stancc : 

given q = 10 .00 cub i c  motors por soc . -per motor TTidth  of gato 

2/3 
q 

h2= 14.20 m . 

a =  1.16 m . what i s  H? 

h2 = 4.642 and hence - 3.06 
q2/3 -

a = O .25  
q2/3 

a. 
The point of absci ssa va.�uo 3.06 lying on the curvo � = O .25 falls 

q 
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( 

in Zone I .  ·rhi s moans that tho n o·;; ':'1'i ll ho under back pre ssure t op 

roll cor1d i t ions . The po int above do scri bod al so has as ordi1�atc tho 

valuo 5 . 00 or q
�:3 = 5 . 00 and hence H = 5 . oo :r.: 4 . 642 = 23 . 2 1 mo·tors . 

Diagra� I I I  gi vo s  di s charco q as fun cti ons  of gato oponing 

( a )  and ta i l  TTat or depth hn for � van value s o f  :iI and i s  convoni ont � 

t o  obtai n q for fixod valu:::s  of a a'ld � and cho f.;or, vuluo s of II . I t  

shous cl'Jarly in Zono I h,.r. ,  a do craaso in tho do::1tl1 o f  t :·10 tai  1 wutor 

bri.n6s about a� incroa sa in di scharr�o fc•r a ,::,;i vo1� cute  opc:ni:'.g . 

For i :rwta:.J.co ei von H = 10 . 00 :1o t or s  

a = 3 . 00 r.:.c tore:  

r"2 = 5 .  J()  : ��c t ar c ro  q_ui. r;:;d q 

� .:Z./2 · - 1 623 h2 5 . o o · ·o a 3 . 00 30 J r  = ;:i • ; j.1 = ·17-:,-:0 = • 0 · ;  If = TIS-.00 = • 

a The -point o:r. the cnrvo TI = . 30 ·.-rhi ch hai:: t !10 ab sci ssa of' . 50 hao 

tho ordinnt:.. o�  O . ?62 r,"11 .1. ch i c.  the; va l1 10 of· if!i/2 , q thc ru f'oro 

equal s  0 . ?62 x �H . G23 = 24 . 10 cu::i i c r-,c, te:rs  po r so c .  po r mo tor  TT idth 

of catc . Th i c po i :--.t fa ll s i :·, zone II  "i7hi ch i �'.d i cato s  that a froc1 

f'lo,;-;i ! 1g di scriar(.;C :-:i th a juup at G·.>:· ,t; di s t a::i co f1·om t h8 e;at o :i. s to 

bo oxr,o c tod .  

Di n.srum I V  c.;i  vc s t ho cl i G chnrc;o q us fur, ct i ons  of tho 

to. i. l  -:7ator dopt h  h2 a�d sate Oi_)c:i.i w·: a for [ :i vor. va lno s of t h o  hoad 

t tJ · · 1 t n ·  ... I I I  but i s  arrar . .;.'.od t J  shc.;,1·: tho e ffe ct of \7a or  .. . s1r.i:.. .a:r o H.1e>- run �-

t th d .  1-. .-. ..,. o '· 1 tai l ":'To.t or  i Ei  Yo.ryi ng f',1.J. 0 O�J :mi :l[: G upu:: . 0 1 � C tw.r['.C , , . 1 · n  u , 1 0  

fixed . 
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For instance gi von 

H = 10 . 00 moters 

a = 

h2 = 

}fo/2 = 31 . 623 ;  

Tho point on tho 

4.32 motors 

a . o  motor s ,  sought q .  

- a 
H = 0 • 80 , IT = 4. 32 

h2 curvo 1r = o . ao with absci ssa of 0. ·132 has 

tho ordinato of 3qJ.-> = 1.0?5 so that q = 1. 075 x 3 1 . 623 = 34 . 00 m3 / 
H .., 

sec . /m . The point falls on the bordor li�o botwoon zonos I and I I . 

This indicatoa that o. freo flo·, 1ing diachargo ,;i th a jUI!lp irmnodit:ltoly 

bolou the gato i s  to bo oxpoctod . 
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CONCLUSION 

Tho QXporimont s domonstrato  the appl i cab ili ty of t �e r:io

montum thoory to al l  cases of r1ator flow �1hero thero i s  a tr!l.Il si t i on 

from rapid to  tranqui l floi7 . In co11soquo: 1co of thi s thooro:::n tho dopth 

of  wate r abovo and bo lo'\7 such t ransi ti ons can bo con:putod fron tho 

follo·;:inc forrmila 

{ 6 )  

I f  h2 i s  grontor t ha.n. tho right hand of tho above oquati on 

tho jump di sappoaro or  t rave l s  down stromn . If h2 i s srnallor than tho 

ri �.,ht hand sido of tho oquati on then t ho  jump t ravola upstroan 

unti l i t  rancho s tho slui ce g:itc or \7Cir  and a back pro ssuro top roll 

ro sult s .  

A jw!lp cc.n."'lot occur i7i thon ·� t ho for;:iati or. of' a top roll . 

Tho onorcy lo ss L1. a j wnp i s  conno c t od ..-.'i. t h  the top roll and tho on

t i ro lengt h  o:r t ho j tlrl.!.) has a cover of turbulo� ,t ·;iator . 

A E  = 

r�c lo ss  of a:ri.orgy in  a j u.up i s  �;i van by tho 1'omula : 

{ h2 - h ) yq -- . 1 kg par so cond pe r r.iator r:i dth of' channol .  
4h1h2 

r t  i s  not p oss i b le t o  :mal:c u :E vi si on of  the loos botr.oon loe::-os  i n  

tho mui n st roa'll of  tho j m:1.p u: ! d  t�o lasso s  in  th o t op ro ll . 

Tho dir1on si on o  of u jur:1p cun bo fai rly woll do tomi nod . 

Tho depth b y  formula { 6 )  and the length b y  tho f'o llor.i nc f'onnula : 

( >< , O  - 0 , 05 �J 
Tho d i  s churgo of  u slu i  co r;utc oporat i nc under h8 ck  prn � suro 

can ho  cor,putod b y  t :10 u no of tLo ro ll or: :t n r;  for:-mln : 
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Q. = � ba v2g (H0 
- h)  

whore : H
0 

i s  the onorgy hoad of t ho head wator above the gate 

si ll ; /"'i s  the cooff i ciont ot _contract i on of tho corrosponding froo 

jot ; h2 i s  tho tui l  water do pth and h i s  computed according to tho 

following formula : 
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