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INTRODUCTORY RMMARKS BY THE TRANSLATOR

This papor is on file in the Denver Public Library. It consists
of the following principal parts:-
(1) A 1list of technical papers on the hydraulic juﬁp and related
hydraulic phenomena.
(2) Chapter I, Introductory, describiﬂg the relation of this paper
to previous works on the jﬁmp and on sluice gato discharge formulae.
(3) Chapter II. A discussion of the theory of the jump, showing
the derivation of tho pﬁincipal formulae connected with it,
(4) Chaptor III. A description of the experimental equiment usod
in the work which the paper prosontp.
(5) Chapter IV. A doscription af tho oxrorimonts made and the re-
sults deduced from them, |
(6) A summary of the principal conclusions roached.
(7) An appendix of 7 tables giving detail measurements of a numbor
of typical exporiments of ocach class presentad in thec paper.
(8) A short biography of the author. |
Chaptors III and ;V and the summary only have beon translated.
Chapter II was not translated principally becausc the theory is pre-
~sonted in this work much in the same form that it is presented in the
"Hydraulics of Opon Channels" by Bakmeteff.
Thoe work appears valuablo for the followiné:foatures:-
(1) It follows the theory of conservation of momentum in the jump
to its 1égica1 conclusion, namely that tho momentdm at evory section

of a jump is equal to the initial momontum and that from this relation



the height of the jump at any point can be computed. He presents
experimental verification of this theérem. 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 the hydrostatic pressure is computed from the total
depth of the section, but the momentum is computod from the veloeity
of the main stream only as the top roll has no downstroam velocity
effect. |

(8) Ho shows tho_necossity for a given longth of chammel in ordor
that a jump may dévelop and givos a formula for ostimating the 10:1gfh
of a jump.

(3) Ho covers the situation whoro a jump in front of a sluico gato
is partially drowned by back wator, devalopins a formula for the
rolation 5otwoen tho raiso in tailwater and the raise in headwator
in consequencoe of this drowning offoct. This is the gap botwoon free
discharge from an orifice and submorged orifice discharge hithorto
side stopped in American hydraulic literaturo, as far as the trans-

lator knows,






CEAPTER III
THE EXPER IMENTAL EQUIBMENT

- 1. Doscription of tho Plant.

experimental
The experiments woroe conducted in the/flume: of the now

Hydraulic Laboratory of the "Eidgonossichon Technischon Hochschule"”
(Fedora Institute of T chnology) of Zurich, smtzorland. Tho flumo
zL' 1] % e C e

is 7.0 moters long, .30 meters wide, -and .44 metors high. Tho sides
are mdo of glass. Seoc Figure 10, The s8t-up is such that the bottom
of ‘tho flumo may be given eny desirod slope but the oxporiments herein
described woro all made with a horizontal bottom,

. Water was admittod to tho flume over a weir without side

oontragtioxis. The weir sorved also to moasure tho flow. Its width
vas é . and it also had glass sldes. See Tig. 11, The weir

' crest was 299 na. aboye the ‘botton of the cenal gad vas serated by
means of two pipes 25 m.m. in diameter.

The head on the weirl was measured with a hook gage sat up in a
transparent walled stilling well. The wel connects with the flume
through a pipe which enters the bottom 4750 m.m. upstream from the
lfr:e:tr. A cock in the pipo permits the reduction of its cross-sectional
ai‘ea 80 that surges in the atilling vell may bo damped.

The woir was carofully celibrated by tho uso of a tank. A
spocial flumo pormitted of diverting tho wator suddonly into and
from. the tank, Tho ruyns wore of about 1000soconds duration. Time

was measured With a stop wa.‘toh. A quiet water surface above the weir






was obtained by sotting up a serics of baffle plates between thc weir
and the Bupp1y5ﬁipe.

For the experiments heiroin dosecribed a sluice gato was con-
structod about in the middle of the flumo. The gato lecaf was sm&oth
and flat and without guidos so that no side contractions wero produced.
The gate was faptened to the top of the flumo and cbuld bo éet at any
desired height above the flume floor. The joints between tho gaté
leaf and sides of the flume were stoppod with tapo strips which wero
cut off slightly above tho top of tho bottom odge of the gate so that
they did not intorferoe with tho stroam flow. Tho small cracks below

i
the tapo strips wore sealod With wax.

Wator surfaco elovation could bo measured with a coordinat-
ograph ﬂhich could covor anyfpoint of the flumo and which was graduated
to O(S{iolém-.m. Pipos for a pitot tube worc also fastened to the co-
ordinatograph carriago. Figurés 10-13 show the entire set-up.

Most of the experiments were conducted With the plain flume
bottom, the joints of which were made watertight and smooth with red.
lead. For experiments with a pool, wooden blocks whicﬁ could be
fastened to the flume bottam were used, Thess were made in sections
80 that a variable length of level'pool bottom could be obtained by
inserting flat pieces between the falling and rising pieces Which

gave the pool effect. See Figure 19.

2. Velocity Measurements by Means of Pitot Tubes.

To determine the velocities of the top rolls a pitot tube

-2~



was usod. It pormittod moasurorients in vory shallow wator without
observable disturbance of tho flow.

M. Ricaud of Toulouse conductod sane oxperiments with a
pitot tube which gave velocity valucs too larso for tho dischargc when
computod according to the formula V =|/2gH  (whore H is thc diffor-
enco in hoight of the water columns of tho manomotor). In cunssqucnce
a coofficinnt of less than unity has to bo us:zd with the abovo nqua-
tion to obtain corrcct valucs. This coofficicnt is dosignated as K.
Observations of the velocity in a pipe in which turbulencc was pro-
duced by a scroen gavo a valuoc of 0.90 for k.

The top roll is comparatively turbulent and tho.quostion
ariscs whothor serious crror will Lo made if tho pitot tubc is usede.
To dotermine the pronmer value of the coufficient k in this case num-
orous experiments trore made with vgrious conditibns of turbulent flow
both rapid :nd tranquil. First the pitof tubo of tho form shom in
Figure 14 was used. This form wae stown to have a coefficicent of 1.0
for non-turbuleont flow hy Prandtl. Follbwing this ths same flow was
moasured 7ith a pitot tubo of the form showmi in Figuro 15. This form
was developed at the Roerlin Hydraulic and Marino Experiment Station.
In thoso measursments tho former typo was found to be moro satis-
factory but both typcs gave practically the samo results.

Tho coofficiont k was calcilated from an cquation, onz sido
of which contaipod tho discharge computod from the woir measuromonts

and the other side of which contained the measurod vclocities.

3=
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Rapid flov was obtainod either by giving the fluma a steep
grad;ont or by tho use of the sluice gate. In.the case of tranquil
flow, three serios of moasurcrents were taken: (1) in a normalifldw
in tho flume; (2) in a normal flow in tho flumc immediately below a
trash rack or cheon; and (3) in the flow immediately dowmstream from
a jump with a top roll. Theso measurements are shown in Tabls I.

The tablo also shows that for rapid flow produced by the
uso of the sluice gate the valuo of k varies betwoen 0.94 - 1.00.

%t also shows that in the soctions nearer the gate tho value is the
higher, in other wordT that the turbulence incroasos procceding down=-
stroam. Tho moro dis#ant soctions sho¥% a very noarly constant valuo
of 0.96, In rapid flow producod by tilting the flume, k was found

to bo 0,97,

For tranquil flow the coefficiont is practically constant
at 0.92 to 0.93, although in soctior;is immediately downstream from the
top roll it drops to .90 - .91, ' |

In the case of the flow through a trash rack or screen the
turbulonée immodiatoly dovmstroam fram the obstruction was markoa and
the coefficient fell to 0.72. This value rosc to 0,90 in sections
further domstrean réqm the rack and it was corcludod that pitot tube

| obgervations cannot be deperdod on for obsorvations mado at pdints
near such obafructions..

In tho caso of a jump w7ith a top roll flow conditions aro
varied and tho princip&& may be established thatléne,valua of the

coefficiont for tho pitot tubo observations will npt give absolutely

/
/
. e /
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corroct results. DBocause of tho incroase of turbulonece in the direc-
tion of flow it is desirablo to use a variablo coefficiont for the
camputation of velocities but becausc it was impossible to dorive a
"rolation botween the wvalue of tho coofficiont and distance of the
observation below tho gato, which was constant for the various ox-
porimonts, this refinemcnt had to bo abandonod and all computations
woro mado assuming a valuo of k = 0.95,

Tho coefficiont actually varios bottoon 90 and 1.00 and
. the errors rosulting from the above assumption may tﬁon be ¥ 5,04
but this is not boelievod of sufficiont moment to aprreciably affect

tho principal conclusions reachod.
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4.Vi.30

3I.v.30

5.V1.30

2.V1.30

g=10 /s m.'

h, =0.5] em.
9=20 l./o. m.!
h, =08 cm.
hy =9.67 em.
g=3001/s.m!
h = 1.34 em.
hy =10.72 em.
¢g=50L/e m.!
h, = 2.08 cm.
hy = 14.36 em.

Fig. 17
Photographs of Several Experimental Jumps
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CRAPTER IV

 EXPERIMENTS O TUE HYPRAULIC JUP, TOP. ROLL, AND
BIscH F SIVICE GATES. 4

Port 1. The Length of tho Hydraulic Jump.
The chango from rapid to tranquil flow requires a doﬁnito

longth of channel tho semo as' isrequirod in a chango from tranquil to

' mpid flow dospite tho suddon and violont rnaturo of the phonomena.

In many casos a very considerable length is necessary. It is impor-

tant‘to obsorve tho facts connectod with this phonomena bgcause hithors

‘ to, in work connected wilh tho jump, it has boen usual to consider it

as a vertical risoc at th¢ point of intorsoction of tho rospcétive

prossuro-momontum curves for rapid flow e.nd tranquil flow, plotted
4 )
ﬁ'cnn tho low and high stage sidos of the jump as shom in Figuro 16.

In such conaidoration of the problom it is also z-'.ocossnry to doter-

mino tho élevation of the lowest point in the bottom grade so that

P /

flow and the
rapid flow are in the agreement prediclated by equation (8)s See paqe 16

The numerous experiments made in connection with the pre-

"paration of this paper as Well as those of soveral earlier investi-

/
/

gators show that tho jump does not occur in the form of a vertical -
riso at one point but fhat‘ it roqm;ireé a definite 4istance for 11;9
'accmnplisi'mont.' This length dopends on tho wator dopth boforo and.
after tho jump and uvon the hoight of the jump. The photographs of
Figuro 17 show sovoral of many obsorvod jumpé. Thoy thow cloarly

that the length of the jump is soveral fimos its hoigli.t.

6 /
. 6 /
'/
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Rolation Betvoen the length and Height of the Hydreulic Jump
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To demonstratc definitc rolations betweon the longth and
hcight of the jﬁmp a sérios of" exporimonts was mado varying the quan- .
tity and tho water dopths above and below tho jump. In thoss experi-
ments the water surface curve of the entire jump was moasured with a
pointed gage. Because of the fluctuations in the surface the maxi-
mum and minimum elovations at each point woro detormined. Rosults were
plottod to-a distortod Scalo to obtain closc estimates of the longths.
Table II shows éoveral sories of moasuromonts. Tho table also shows
the rﬁtios (1) of water degphs bolow and above the jump ;ﬁ- and (2)
of longth of jump-dividod_by hoizht of jump _571231;_ o Plotting
thoso ratios as abscissaeland ordinatos rospeciivoli, points are |
ostablishod for each jump as shovm in Figure 18, An average lino
through theso points is straight and has the following equation:

1= (8-0.95%% (g = n1) == == === === (10

For Ynomn depths of flow bofore and aftor the jump this
oquation gives thec iongth of the jump. If a jump is to occur at a
~given location, say in tho pool below a drop, for instance; it is
. nocoséary that the horizontal distance botween falliné andvrising
bottom grados havo a defirite minimun longth;

An arrangemont such as is shonn in Figure 16 will not pro-
duco a jump and the rapid flow stage will persist throuéhout ité longth.
Tho jump Will occur further downstream at tho point whero friction
will have roduced the low stage volocity and increasod tho water depth
96 that a balance of the prossure-monentum quantities of rapid and

tranquil flows oxists. Such conditions may causo scour of the channel

-



bottom and ondanger structuro foundations.

- To domonstrato that the production of a Junp roquires a

dofinito longth a numbor of oxporimonts Wore made with a model that

had a dropped bottom grade; i.e., a pool,

Tho model was so construc-

tod that the pool could be lengthensd as desired by inserting hori-

zontal pioces botween the falling and rising bottan grados.

Table III herewith

Observations of Jumps in Pools

TAELE III

Length of Length
Observed Horiz, Accord<]

. Pieces ing to

Inserted Equa-

N }liters/ in Theor.{ hp |y, - p,)| tion
sec./ | hy he |Pool Tot. ho P 2 = (10

| 1 cri. cm. cm. —} om. 1 * em.
1 20 1.02 8.42 60 8.40 .25 7.40 56

/
2 " 1,33 7.18 30 7.20 5.40 5.85 45
i 3 3C 1.57 10,85 , .80! 10.90 7.92 9.48 72
4 v | 1.50 { 10.20 60/ | 10.35 | 6.80 8.70 66
S " 1,57 9,95 60 10.00 6,03 8.38 64 {

6 " 2.02 8,40 60 8.355 4,16 6,53 Sl
7 50 '} 2.50 12.85 80 13.00 5.14 10.35 80
8 " 3632 11.00 80 11.00 3ed2 7.78 61
9 80 " 4,19 15.25 100 15,60 3.64 11.06 86
10 % 4,61 14,49 80 14.60 2.93 9.88 77
11 100 5.42 16.90 100 16.88 3.12 ‘ 11.48 90
12 120 6,30 18,60 100 18,65 2095 12.30 96







~D-1391

Effect of increasing the pool length upon the formation
of a jump,

Discherge = q-;ow

Tailwater below pool __.... -
ater & BCE —

Me. 50 .

Tailwater below pool
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gives thc rosults of 12 oxporimgﬂts proving that thc longth of the
horizontal insertion must be that givon by formla 10.

In these oxporimonté the depth of i(he rapid flow strean
was first moasurod. Thon back water prossurc was produced by noans
of a sluico gate at the lower end of the trough to the amount that
calculations aqggiding tb oquation (6) indicated was qocasgar& to
produce.a jump. If a ;ﬁfficiont longth of horizontal insertion was
in flaco in tho pool bottam a jump did occur, but otherwise not.

In experiments wheroe tho chk wator was first built up to tho‘point
whore a top roll would occur urder ordinary circumstances, and then
was lowerod slightly (but still not bolow tho normal hich stage),

tho tof roll and jump would disappdar in a dofinito length of tine.
fho rapid flow water dopth also increased and a jump was formed down-
stream from the pool on tho higher botton grade.

The photograﬁhs of Figure 19 show tho water surfacq in tho
peol fof various lengths of insertion but with constant discharge and
water stages above and below. In the first case wheie the drop and
rise of bottom grade were madé withouf the inagrtion of a stretch of
level pool bottom, as well as in the second case.Whore,the insertion
was too short, no jump was observable, although conditions for a .
jump were propitious according to equation (6)e In the third éasa
the insertionfwas of sufficient length and a jump was formed. The
water surfacqs in tho experiments shown in photographs, Figure 19a,

as determinod by hook gage moasuroments are shown to scalo in Figuros

20-22.,
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Valus of hydrostatic pressure and momentum and their sum
in temms of water depth for e discharges of 1 cu.m. per '
__second per meter width of channel ’
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In fixing the dimensioins of a pool thers are two altomativeq.
(1) The junp can be pormitted to occur in tho conventional mannor:in .
this case . proper tranquil flow water dopth and sufficiont longth of
lovel chanaol are nocessary. (2) A back pressure top roll effoct can
bo produced by lowering thoe pool. Tho first case will require works
of groatér volume, the othor, oxtra foundation work. ' Thoe proper
solution will be determined by othe‘r considorations such as desirabi-; :
lity or cost. ‘

The length of tho pool can be fixed by the use of oquation
(10)e In the ovont that this length is considered impractical oven
after corisidering the greatest possible depth it may be i;ocossary to
resort to flow obstructions of soro kind, such as tho use of stono
blocks or the dentated sill doveloped by Rehbock. Such a aoluti'o'ri of

a drop problem should be developed by oxperiments with models.

Part 2. Investigation of the Top Roll.

A. Tho Freo Top Roll.

In consequence of the investigation of the hydraulic jump, | '
eapeciallj fram the viewpoint of the theory that at every cross-
soction of a stream the quantity, statiec pressuro + Qg‘."., is a constant,
the conclusion is roached that the equation oxprossing this theory
can bo usefully appliod to sections in a jump. To gain a better undere
standing of thoso relations the following oxplanation sbould be made

conereto by solving the foﬁnulas for definite quantitios. In figuro

23 aro givon as curves the values (1) static pressure, (2) ggl , and

-1C=



, Iom of the: Top Roll of the Mrauuc Jump
Discharga = q 30 liters/s.mt.

‘ 'x-;’;fn |

Hg. 24

Dlschaxsa =qQ=% llters/s.m .
h( =10.5
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(3) their sum for various values of wator depth h, for the quantity
of 1 cubic meter por socond over a width of 1 moter, or as usually
expressod 1M;/S.M.1. This sum is the so-called pressurc-momentum
curve (tho litoral translation of tho German namo of this curvo, i.o.,
"Stutzkraftkurve", is "push-strongth curve"). Figurc 24.15 tho pro-
filo of a Jump‘to.which tho quantities of Figuro 23 can be applied by
proﬁor transformation. \$¥p exproession of tho prossure-momontum rola-
tion of a jump in an equation is as follows; whore hl and hy aro the
wator dopths before and aftor the jump and ‘Yis weight of liquid.

Y %;. + Y. g-. V=Y 2?_ + Y. z-. vz. - === (4)

Consider a soction dowistroan fron h) with a main stream
water dopth hl which is slightly less than the critical depth. If
the value of the pressureo-momentun quantiti;s for this point are
taken fror. diagram Figuro 23 obviously they will be less then et tho
valuo for hl and the equality of the pressure-nomentum rolations
will bo upsdt. If, however, tho momontu% part of tho equation be
p.ickod fron tho mo}::ontum curve of Figuro 23' for the height hl choson
and the hydrostatic pressuro part be pickod from tho hydrostatic
prossurs curvo so that tho sum of tho two is equal to the pressure-
momontum quantity at h1 it will bo found thgt the depth at ‘which this
quantity occurs on the pressuro curve is the dopth that experiment
indicates is the total water depth at section hl. Iﬂ other words
to presorve tho pressurb-momontum reletion the morentum value for ?
particular point is computed fron the velocity of the main stroam

but the hydrostatic pressure is computed from the depth of the main

-11-



stroam + top roll. This prosents a picturec of continuity in tho jump
wiore hitherto the notion of discontinuity at tho critical dopth pro-
vailed.

To nako the dorionstration concroto consider the jump sho'm

in Figuro 24.

h 1.88 cn.

1
h
1

Tho height of tho oc.ergy gradiont for dopth hl oquals 1.88 cm. plus

9.00 cn.

30 liters por second por ueter width of channol.

tho volocity hoad for a velocity. v = 30 = 30 _ 1,60
1,000 x .0188 18.8

rotors/s:cond or 1.88 + 12.99 = 14,87 cum.; the critical dopth thon

is 2/3 x 14.87 or 9.91 cm. and tho dopth 3.47 am. is choson. To uso
tho chart, Figure 23, tho depth must be convortod to corrospond to

" "h" on the chart. Thc corrosponding h of the chart for the depth

h1 = 1,88 cnm. is '2;233 = /:gégg = 0,195 m. and tho pressure-moron-
tum valuc is 54C ﬁg. The borrosponding h of the chart for 3.47 cx.

is 360 . At this valuc ﬁhc riomcrtum is 280 Kg. To satisfy tho
prossuro-momcntum quantity of 540 Kg., 260 Kg. of mressure must be
furnished by water depth. This quantity is found on the pressure
curve at h = 725 m. Tho corrosponding hoight of tho quantity under
discussion is .725 x 0965 = ,0700 n. or 7,00 cn. This is the total
water depth at tho point chosen ard tho thickiess of tho tor roll is
7.00 = 3,47 = 3,53 c1. It will be noticed that the rmomontum of the
topr roll is taken as zero. This is justifiable bocause the net longi-

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

32-
-12-



The top boundary of the main strea:: may be worked out by
ropeating this 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-moﬁantum re-
lation.

Consideration of the energy curve in Figure 2 leads to the
same conciusion. If the curve is followed to the right from the
abscissa corresponding to depth h1 the critical depth or péint of
minimum energy is reached which of course would indicate a less amount
of energy than that oxisting at hp, the lower end of tho jump. Since
“an acoassion of enorgy from outward sourco is precluded the energy
‘must bo in the jump ard it is in fact in tho top roll.

Tho water in tho top roll obviously cannot remain at rest.
It is carriod forward along thc contact lino bo;woon it and the main
stream by tho dragging eoffect of the main stroeam. It is carried back-"
ward'aloné the top by gravity. Thec total rosult is a swirling motion.
Thero is considerable Ioss/ziergy in this mass of swirling wator,

It is not possiblo to toll how tho total onorgy lost in the jump is

" divided botweon the top roll lossocs and intornal friction losses in
the main stream. It seBns probable, however, that the latter is much
tho larger loss.

Tho just doscribod form of top roll may be called a froe
top roll (the name adopted in this translation is "free jump") to
dostinguish it from othor forms to bo later described.

Experiments by J. Einwachtor on jumps of small energy loss,

.
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and hence small jump, show that under such circumstances a small
ground roll - takes the place of thse top rll. This eappcars to be the

roason for tho asmall onergy loss.

B. The Moving Top Roll or Bore.
As proeviously statod, there aro two conditions nocossary
for the formation of a jump: (1) the oxisténco of tho conjugate wator
dopths implied by rapid gﬁﬁytranquil flow, (2) sufficiont longth of

bottom gradc at the propor olcvation to support tranquil flow. Tho

cases in which thoso conditions do not oxist fall in two classos (1)

h 2 b,

Class 1 whoro hp - _1. +\/2_1 ¢ 2P in which case the changoe
24

from rapid flow to tranqull flow- cannot occur. (2) Class 2 whoro

hy >- \/—-—- + 2_§.J. In this casc tho transformation of
hydrostatic prossurc moans moro than a change in volocity. Additional-
ly tho jﬁmp begins to travel upstream with Euch a velocity of trans-
lation that thb pressure-riomentum equation is satisfied.s To investi-
gato the casc the equation riust be sot up in its general form.

‘Following the nomenclature of Figuro 26.

B wh b wme - v |, T(pow)
2 2 g g g g

(w = velocity of translation of the jump or bore)

roducing the abovae

2 4 .
ﬂ-3&=:&( ,,)_fiﬂ-hlvlw ------- - - (11)

2 2 g 'Qf’ e g
but vih) = Wby =h}) + Vphg = - - == = - === === C(12)
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bocause Q above tho jwirp must oqual Q below
or h = M—l.
2 W+ v,

substituting the last expression in (11)

2 2
h h (vy + Wh
X o- 2=k L xy _y) -eeoo o
3 > p (vg = v1) (13)

Equation (12) may also be writton

vihy = vahy = w(hp - pp) ¢+ Vo (hg = hy) or
hl(v1 -v) = (hy - hl) (w + vz)

substituting this in oquation (13)
Vi + W

z(hy + hp) (h; = hp) (h; = hg) (w = vp) or

hy + h
v+ wWivy + Vo) * V1vp - ““( > "2"2—")8 =0 or
o S e s e e .——-—-2'--
/ Yy - W
W=-——-—V1;v2+\/g.(l‘}_+-3?.)..+ (142) e - (14)

|
This is tho oquatiom shown by Ph. Forchheimor (Wassorschwall

| .
und Wassorfunk Loipzig und Wion 1924) for tho wvolocity of the bore.
It is also the oquation of thc translation of a jumpe If W is made

equal to O,thon

v TSy

0o = 12 +\/g(h1 thy) | (v - )

2 2 4
vi + 2V vy + v% = 2g(hy + hy) + v% - 2V V, + v% or
ZVIVZ ' . . . Vlhl
= h) + hg , but since in this case v = ——=
€ ” hy
2v vih 2vsh
hZ + hl = 1 x 171 = ._._1.'_.]:. and
g hp ehy
0>
2 2vsh .
hy, + hh, = é L which is equation = = = = = = = = = = = (5)

=15~



This equation was proviously dcduccd to show the rolation
botwoon rapid flow and tranqpil flow in tho ordinary jumm. It is a

modification of tho ordinary jump formula of 3rosse, namely

h ’h% 2v2h
_ 1 1
h2 ==z~ +\/Z— + ._g-l ......... (6)

‘Yhoxr the bore or ;oving junp roachecs the sluice gato or
woir no furthor translatory motion is possible and a new phonomona
appoars. Tho wator ovor tho top of the main stream boecauso of the
viscosity and turbulenco along tho border zonc botwoon it and the nain
stroam recoives enorgy which kesps it in constant motion. This nmotion
is in tho form of a big swirl with a hdrizontal axis and it is horo
callad a back prossure top roll to distinguish it from the ordinary
top roll. Under this top roll tio main strea: changos fror répid to
tranquil flow passing through critical depth and of course it looses
energy. A part of the energy is lost by internal'friction in the
jump and tho remaindor as friction in the contac; zono betweon the
main stroan and the top roll. These lossos arc transformations of
kinetic oncrgy to heat onorgy. The wator in tho top roll despite its

swirling motion is constantly and rapidly changing as Was demonstrated

by tho use of dyeos.

C. Tho Back Prossure Top Roll.

The wator surfaco of tho top roll nust satisfy tho conditions
enunorated in the following explanation.

The oxistenco of a back pressure top roll is conditioned upon
tho existcnco of a tailwator depth in oxcess of that which a froe jump

-16-



can sustain for the samo conditions of quantity and gate opening or

hy, tho tailwater,rust be groator than hy in the formula

-
I T A A 1
2 T VT 3

The prossuro-romentum oequation is applicable to all éaaos
of the hydraulic jump. In tho case of the moving jump or bore just
discussed, tho variable relations botween the hydrostatic prossure and
the momentun df tho moving waves wero satisfied by the translation of
the jump. In tho case of the back pressurc top roll they aro satis-
fied by an increase in water dopths. As showm in Figuro 27 the pres-

suro-noientur: equation imust bo as follows: -

2 2
T(ny 4 amy)” h3
4 v Qv = y 2 4yly, ---= (15)
= Y 2V o=y = oavgve

(In this papor the discussion is confinod to roctangular
caannels and the relatiors are written for a lonzitudinal section ono
unit wide thus eliminating b; the width, from tﬁe equations)

In the back pressure top roll tne thickness of the top
roll increases as the tail water depth h, increases. The water sur-
face beccmées more and more quiet the greater the increase in thickness
oflthe top roll. The water currents in the jump show regular flow
and even though the water in tho top roll is constantly being renowed ,
the direction and velocities of the stroam lines in the various
scctions of tho jump remain tolerably constant. For this reason an
exact study of the pressure-morientum rolations requires consideration
also of the momentum of tho top roll (this is in contra-distinction

-17-



to the consideration of thc ordinary froe jump in which tho momontum
of the top roll is neglected). For a rcach betweon two sections such
as shown in Figure 28 the integration of the pressure and morméntun

givos tho following valuos to equation (15)

2
hy +4h ' h
v B +4n) +Y§VI+Y3 (vi_v%)- Y?2+Y3v2 - - = (16)

In this equation q°', vl, and v% are the quantity ahd mean volocities
of the top 4l ro0ll. -

The solution of this equation for Ahl for any chosen soc-
tion and depth of the main stroam will give the raise in the water

surface

- 2 _2 24’ (b oLy Lo
am =-n +\E -2 w v - 2L ) - ()

In many places, for instance' in tho vicinity of‘ tho gato,
and(also at tho points of' greoater thickness of the top roll, the
value of tho riomentum in the roll is of small value and tho ox-
pression %’(v} ~- ;) mey bo omitted from the above formula. Two
swirls with vertical axos and locatod right noxt té) the gato are
always observablo and hcre tho componont of the momontum in ‘the direc-
tion of tho main stroam flov is zcro.

To tost equation (17) exporimonts wore conducted with vari-
ous conditions for the flow thru tho gate, and with various tail water
dopths. Volocitios woro measurcd at various soctions of the top roll
with a pitot tubo. Fron thesc ‘obsorvations it Was always possiblo to
dotorminc the dopth of tho main stream and also theo velocitios and
dischargo of tho top roll. Tho water surface at each cross-section

-] 8=
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TABLE IV

Observat’ioqs of Experiments Showing Comparison of Observed and Calculated
Depths of Back Pressure Top Rolls

!

Observed Cal- Differences
/ ! culated 1)—2)
” | ' |
of L'e! m.! Gate h+43n h+3h
Exp. em. em
1 120 100 25,79 20,88 2088 —0s2 — 248
2 . 3ng 25,79 21,29 , 2180 — 06l -2
3 . 50, 23,79 2245 2343 - 0,65 —204
4 1.0 200 272 23,40 23,29 4-00 4047
L) . 0,0 21,22 23,53 23,49 - ove - 003
I o . 30 22,56 12,60 17,80 +u19 + 1.8
7 0 o | L 390 18,33 17,60 + 004 + 362
S . dnn I 23,90 12,35 1781 -2 . - 148
ﬁ 10 ] 25.13/ 19,30 (EXUY) 14,80 - 1,00 - 413
11 ° | 400 19,46 14,60 18,70 - 1,10 - 101 :
13 10 o i - 1940 1550 1540 4000 + 0,65
18 - (X0 I 149 g L RaT — 097 — 089
22 30 20 - 17,09 14,50 ' 13,50’ —0439 - 2.i7
29 . 250 13,59 8. 9,10 -0,30 - 329
32 i 40,0 15,00 14,70 15,00  —=0340 - 200
33 . 200 14,40 9,50 024 + 020 4251
KT} 25 | 200 17,40 14,70 14,40 4-0.30 4248
3 . ) 17,40 1730 16,93 +0.43 + 260
n . 150 12,50 8,70 8,20 + 030 4- 6,10
1 20 28,0 18, 14:70 1450 - 010 —007
4 " 25,0 14, 13,70 14,30 — 0,90 —4,09
- 49 . 15,0 5,30 6,40 6,40 + 0,00 + 000
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Distribution of velocities in the lomgltudinal section

of a jump.

Discharge = Qq°40 liters/s.ml.

20my .
Scale of velocities
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‘Velocities in the Top Roll

Discharge = q-36lsm’

Distance below sluice gate = 25 em.
Tailwater depth hy=170 ca.

o he23om o

Roms 160 . o 20 w0 - d = €0 4o 20 o -20 “ho'. -@Cems.

Discharge = q-36'sm
Distance below sluice gate = 40 om.
Tailwater depth ~ h,*¥oewm

*— hedBme

e

r -
C e “Ocma
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Velocities in the Top Roll Velocities in the Top Roll

Discharge = ?SS‘A!P Disoharge = q-SGM
Distence below sluice gate = 60 qu. . Distance below sluice gate = 110 e\
Tailwater dopth hs= {foem

Tailwater depth h.® f7ocn |
- §
g g
[ 2)
: :
’g <
<
- .‘r .
- q}
OCcws 80 6 Go % | ° 20  -hOwup @own . 40 g0 o
rig. 34



l 6.V130.

" q s 50 l/. lll|
h, =282 em.
hy = 17.55 em.

b { 6 V130,
9=30 l/s.m!
h, = 1.36 em.
hy = 13.58 em.
J { 7 V130,
- g=40)'s.m'
h, = 2.15 em.
1398 hy= 17.60 em.
Fig. 35

Back Pressure Top Roll Below a Sluice Gate.



was tékon to bhe theo rican of the highost and lowost position of tho
surfaco as obgorvod with a pointcd fago. Tablo IV shows tho obsor-
vation of several tosts. A comparison is shown botweon obsorved and
calculated values of h = hy + t\hl. The differonces havo maxirmm
valucs of +6.1 and -7.3% and arc attributed to orrors in moasﬁremonts.

Figures 29 and 30 depict in profile tho division of main
stream and top roll and tho variations in volocity at a nuriber of
soctions for two oxporiments with tho samc discharges but different
head and tail wateors. Tho sections nearost tic gate show tho high-
est volocitias at tho bottum, end show a rapid docreaso of velocitios
as tho distance from the bettor: incroasos. TMurthor dowmstreanm tho
highost veloecitics oeccur abovo the bottome In these figurecs the ro-
tarding offect cf tho top roll car be ovbsorvod. Tho causc of tho
docroaso in volocitios is attributable to the border z.ne botweon the
main strecam and the top rolle. The main stroam inparts & part of its
gnorgy to the itop roll and this is coﬁvortcd into hoat by the in-
tornal friction‘and tuirbulones of ths roll. Thoe chango in stylo of
flow and tho passaze of tho rain stream through the critical depth
qlﬁays occur ncar the ond of tho top roll. The volocity can Lo rieasur-
od in only thc lower portion of the first coction bolow tho zato us
the swirls abowo nentionod rizke moasuroriont nearor the surfaco inm-
poasiblo.

To show up the variatiuns in velseity in noro dotail,
Figures 31-34 =ore rroparcd giving tiuo dctails of sevoral ubsorvations
t a largo ;cclc.

Tho phot.graphs, pago 35, show tao ﬁnsitian and division

-10-



of the flow into main strcam and top rvll irmediatoly below the gato.
Tris shoving was made possiblo by ths use of dyos. Bocausz of the
intomingling at thc bordor zono tho sharpness of tho division linc
decrocases with the distancc from tho géto su that at tho lower end of
the top rcll it is lost and the wholo mess is onc color. Fipgurc 35b
shc.ws this ospociallj woll.

Tho cxporineonts show that back prossure top rcll cuts dovn
the discharge fur a nzivon gato opening end also that the head wator
-must be raissd in order to socurc the saro discharge with a ziven
gate opaning as compared with eonditioms when froe flow prevails.
This hoad increase AH, (see Figire 36a) is equal to the depth of the
top roll at the point wﬁero the watsr surface in a f?ee discharge
condition (i.e., at the vena contracta) is a minimum,.

The assumption of exact correspondence of the minirmum point
in the top roll surface and the vena contracta of the freas dischargﬁ
jot disregard the snall variations in the contraction which arises
in consequence of the AIl increase in tho head water.

The experinents confirm the appiicabiliﬁy of the theory of
a consfant veluo Tor the combincd prossuro-momontum expression for
the back pressuro top roll, Co:siderin; thuc cass at tho border lineo
botwocn froo discharge and back pressurc top roll it is possible to
sot up two cquations which show the connoction beotwoen tail water and
hoad wator increoases. In this process certain rostatomsnts and omis-
sions arc neoccssary, the principal of which is thc omission of the

offcct of ths momentum in the top roll at ths gate as proviously

-20- '
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Inorease of the hoadwater depth A H for varicus inoreases

1

Discharge = 50 litera/s

of tailwater depth 4 hg.
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montioned. Soo Figuro 36a for thc moaning of symbols,

2
h
Y§i + Y% vy = Y;Z. + Y.% Vg - - - oquation (6)greg discharge

- 2 (hg 4 & hy)? 2
(h + 4hy) Q. _ 2 + 2 q
Y ‘ 3 + Y 2 Vl =Y ) +Yé(h2 r hg) ---=- @Qqua-

tion (16) modifiod

subtracting
( 2 2 2 2
by +am)® g (hp teB)T by of 1 1,
2 TRl 2 2 g 'hy Ty +ANg

Solving for Ah) “2 4 H
e .. \/ 2 2g
AH= 4h) = -hy +|/h] + Ah,(2hy +Ahy) - 2
/

Figurc 36 shows tho conputed and moasurcd roclations betwoon
|

hcad and tail waters for the discharge of 50 litors/sccond par motor

width of channel and initial hp of 11.80 cril. Tho oxperimontal data
'is givon in Table V. Tao variation betwcon computod and observed
valucs falls botwoen the limits of +3.3. and -7.8%. Tho oxporinent
was redo by first takins moasuromonts froa a frco flowing jurip and
thon d?owning the juﬁp by various anounts.

From theso .obsorvcd rolations a forrwula was doducod tvhich
is applicablo to practical cases of flow from esluice gates with back

pressuro tov rolls. (Soo part 3).

Do Longth of tho Back Pressuro Top Roll.

In thoe coursc of tho oxperimonts on back proessuro top rolls

tho length of tho top rll vwas also studicd. This length is considored

=21~
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TAELE VI

Observations of kpox‘monta to Determine the length of the Back Pregsure

Top Roll -
No. h, hy h, -h h, :ais‘, I;::'h Ro:{
of v ! h, = q, '
Exp leo'm! em. :m. em. em.
S 120 .05 2180 13M 232 u.;, 603

3 . 787 2602 20,8 33 120 S

’ " 0.2 2027 1943 359 15 s

7 . - 0.0 I} 2.4 130 1S . 585

8 w 3.7 10,99 10.20 5% Ni 849
10 . 5.24 252 YY) 102 ny XY,
1 L) 2 29.72 2272 806 129 5.91
18 . 3am 14.39 .30 N ) 570
19 ) 2.0 .40 17.44 s ) lo-i 577
21 . .10 12 .79 0. % 8.50
2 ) 188 2.8 93,09 1345 130 5.09

] 2 . 1.88 " 1076 a0 s X 588
k) 2 1.53 25.61 2408 16,7v (B 5.10
82 . 1.03 £20.79 19.20 13,80 108 . 0.46
80 20 140 274 0. X ) 4 (X}
® " Lo us0 6.49 b7 0, 574
40 10 0ol 14.00 1410 2070 o3 a2
7 . 051 12,61 12,10 H8) 59 155
" . 051 1215 1.0 TR 00 515
o8 . Y 7.0 608 14.03 XY XY
- —
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Curve showing relation betwesn height and length of jump with dack pressure top roll.

—

i
— L)
1
|
prer - - b e - .Il..Jr
- - .+ e -
[~ =1 "1
b - § e e oo} cme w
St bt~
" | 04
————rt — § w— ‘..v B 3 -
i

] I
1]
-
T 11
1 b
H . H
e B e
H . i .
.

'
i
i

]
[}
e ———y e

|
!
|
!

i-—-T-- ORI

-h' : (6 et 00y

L

L:(h,

- cbow cm

% -2

25 26 27

4

== =
(4]
- ¢
: -1
—“ - >
) J

I
I [} Il.l.m
. _.l- _— .
B T B

[

— e~

r
16

Feg. 37

|

v
"

5

2

10

d b =

D e —

s c—

2]

o)

-3

- o)

o

!




to be the reach fram thc gato to tho point whero the backward movo-
niont of water ceased as:doterminod by tho uso of dyes. Table VI

shows various valuos for this leingth. Tho points showm in Figure 37

woro derivod from the relations Eg.and -__4£L__T. in tho samé manner
hy (h2 -h

that thoy woro sot up in the discussion of the length of tho freo
juipe. The straight line through those points shows the saro slight
_ v h
dovmward slope in the direction of incroasing values of Eg-that vas
: 1

obsorved in tho caso of the f@éo jump. Thc equation of this line is
hg ’
/Z‘ (6 = 0,05 =) (hy = Dhy) = = - - = (19)

Tho moasurer:ents of the langth of tho swirling zoﬁo of the
jurp, and tleir expression in toms similar to thoso used for tho
entiro.longth of the junp @ive points thich alsa lic close to a line.
Theso phonoriena arc vory sinilar in the two casos of free jump and
back prossurd top rolls. The length of tho jump is almys largor
than the ovor-lying top roll). boeth in the caso of tho-freo jurp and tho
back prossure top roll jump. Tho longth of th?,ynnp is takcn as the
length of tho reach fron the point where hy is measured (vena contracta),
tho point where the water begins to rise, to the point vhore hg is
moasurod, tho point whoro the wator surfece reaches its grecatest

height and bogins to fall in tho dircction of tho strecar flow.

Part 3, Exporironts on tho Flow Fron a Sluico Guto.

A. Wator Surfaco Boloq'thc Gate,

In thé case of flow undor a sluice whore a back progsuro
top roll occurs it was obsorved that the tail water had a maxirun
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depression at a certain distance fron: tho gate. At the gate the
wator surface is always somovhat highor;  Exanination of photographs,
Figuros 35 and 38, show this plainly.

Figure 39 shows the moasurod Tater surface for threo differ-
ont circumstances of tail wator. Such a form of water surfaco ocecurs
in all casos of drownod outflow. Tho rise of tho wator ovidencos it-
sclf by tho contraction of the outflowing stroam. At-tho point.of
groatost contraction, whcro Y'g»v has its groatcsf value, therc is
also found the lowest point in the water surfaco of tho.top rcll,.

Tho contraction of tho ovutflow roguiros a cortain longth. Right at
the gate tho contraction is snali honce the oxprossion Y'élv of tho
nonontun-precssuro equaticn has rot attained its mazirnm valuo. Ag-
suning that tho total value of tho pressuro-noriontun equation is
constant it is thorofore nocossary that ths Y_(E.I.Z_Q:'ﬂ.z part of tho
oquaticn bo largor to mako up tho deficioney or thatltho wmtor dopth

at tho gate bo greatoer than at thc vena contracta.

Be Dischargo Furmulo,

The contraction of tlo wator surface at the vema contracta’
is of groat inmportcnce in tho practical epplication of formula to
flow through sluicos wvith “ack prcssurc flov conditions.

Consider tho uoucl flow forrulo

Assuning that h = H0 - h,, Ficurc 40, soriocus diffcroncos botwoon

cormputod ~nd observed dischargo occur in cortain casos. The computed

23~
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velue is always smallor thnn the actual vnluoc. Koch called attention
to this situation. In his book hc gives the method of'calculating
the flow of drowned sluicos bosed upon the prossuroc-norentum prin-
ciple but ho considers tho prossure for the soction below thc gate

to> bo applied only to thé depth of the main stroemn flow at the vena
contracta as shown in Figure 40, To nalke correct use of %he no:ion-
tun-pressure theory fcur tho soction ggtwoon tho gate and the ond of
tho top roll tho prossure rust bo considorod as appliod to the entire
hoignt of tho water as prbviously pointed out.

In the sections diroctly below the gnte it is porniissible
to negloct thio romentun uf the top roll es previnsusly oxplocinod, but-
it is not peormissible to noglact thce influonco of thc rise in the
water surfaco of the tqp 1roll in caleculations of tho hy&rostafic
pressurce Such nogloét hes prbducod soriwus error, Tho describod
’oxporimdnts prove this puint in toto. Tho depth at tho vena contracta
rust bo tcken int.u considorction in the caleulaticr of the dischargos
of sluice gatos Tith drqwnod outflow, The governing p?éssure hond is
Hy - h, soc Figuro 41,

By combining oquatione

Q = bhy Ves(Hs - h) - - - oo oo (21)
2 2
and (hy +ah,) + 8w =_h£+g_v;3 ........... (15)
Juz " &b 2 gb

whoro h1 =/&ca and/&b = cnntractlyn corofficiont it is pussible to

deduce tho f rmula for the ceso under considerati.n by changing,
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(hl +Ahl)2 = h2 - Eg (vl - vz) = h2 - — (.h.z....._l.

e et et 2 0 s et

- VA2 - 2 e o B

g hzh]_

!
(=4

or h) +4lh

By elininating q an oxprcgssicn is obtained for h which can bo sub-
stituted in formnula (21) so as to nako this o correct cquation for

the discharge.

Bf 2g (%, - h) = ¢®
h
2=z-§.—-—.———h2-l 22 -
P g e-n
2hy Thi . TR T o BRIV
b= ZHx (= ny) + VB (n,om))® R - 26, (Th(ngeny)) ----
2 - he 2
——- (23)
2]’11 ’
thonh= t+ |[/t2+ 58 ot - - oo -- (24)
and"tho dischargo forrula will be
M_._.
4 = auob\ 2¢(H -t-Vt3+h?‘-°n t ) r
8 /‘4,-.« \ £, ) ) &llg Q
= bawn |f2g(H, - R) - - - - oo --omo oo (25)

As the tail water lowoers, the thickness of the top roll de-
 crcasos and at tho gom@nt vhein tho depth at the vona contrecta, hl’
and depth of tho teil water hs satisfy oqudtiun (6) a frec jurip bozins.
At this moacnt Ah in eqﬁation (15f becuras zoro, the dischargo under
the gate becores indopendent of the tail wator depthes Alsc Ah of
Figuro 41 bocaries oquel to zero ard h becoines oqual té hl'

Should the tail water drop still rwore tha/jump will mpvc dowm-
stroan and Tinally should the valuos of hp roach 5k, the critical

dopth, thc jump would dieappoar.
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C. Contractiun of tho Jot Witk a Sharp Geto Edgo.

For given depths of head and tail water and a given gate
opening the form of the water surface of the pressure top roll in the
vicinity of the gate depends upon tho con;raction of the main stroam.
With a sharp gate odgo or other cause of increasod contracticn tho
water surfaco of tho top roll is depressod further than in the-caso
of a roundod gate odge.

To test the corroctnoss of the formulas above doduced, tho
values Of/“, the cocfficiont of contraction, were deteminod by
experimont.

R. Misocs doduced thoorotically tho wvaluc of this coefficient
for various cascs of discharge from a vessel., iis work is based upon
tho "potontial" thoory and is fiven in a book ontitled "Calculation
of Orifice and Wcir Coofficionts". Dy assuning that gravity éffects
on thc jet may be noglocted and by assuming the insertion of a flat
plate in tho middle of tho orifice it may be roasoncd that the dis-
charge is vory similar to that undor a slnicec gato as in this caso.

Bocauéo tho sluico gato of tho ociporirionts was sharp edged
the valuo used for the coefficiont of contraction was that calculated
by Misoes for tho similar character of orifico odgze.

Figurs 42 shows a curve giving tho thooroticul valuc ofvthn
coofficient for various values o>f the ratio of_thc cato oponing "a"
and the head on tho gato sill Hy. TIn tho samo figurs and with dashod
lines is showm a similar curve bused upon tho experirents of this work.
Tho observad valuos from which tho curve was constructod are shown as
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TABIE V

Observations of Experiments Showing the Relsiion Between an Inerease in
Tallwater Depth A hp and the Corresponding Increase of Headwater Depth AH.

i - ---Jueerved - 0 'Ca‘lz.:m'dP Difference
N:i, i q n, I, A, " _ _ __‘_'i —'f’ ]
EXpe.  L'o! m.' cm. cm. cm. cm. i Al cm. ]

| cm. (m. i

! 20 | em | 1920 26,61 l |

23,20 4,00 33,91 7,80 7.36 - 0010 - 02
2 7,67 16,10 1981

26,5 10,70 33.56 1355 | 1343 | 4032 | 4239
3 . 7.76 15,09 1981 .
, 21,89 594 2,72 .91 750 + 0,28 4 3.1
4 1 4,05 15,60 2828

20,02 2,92 33,69 844 841 | 4w | 4000
Y - 5,34 16,90 23,18

2297 0,07 8.8 | 995 | 001 | 4w | 4007
6 “ 6,70 14,29 s

24,30 10,13 80,66 12,65 12,648 | + - 0w
7 8 | 403 | 20,33 ; ' '

2035 143 32,97 NOZ O NAS  4ad  4008
8 N YT B RYPY 20,18 ! :

75 R34 2,58 12,70 ‘ wb 4001 | 4001 .
10 o 8,00 11,90 17.53 | | '

28,72 19,92 3781 1995 , 1953 | 4048 | 423
18 " " 21,13 033 s | 1 | wz | soms | 4oas
18 . . 13,89 1.79 2).32 3,30 g 303 | —oi0 | —am
23 80 L 128 | 940 16,44 l L

23,00 15,80 87.08 a4 oo | 4eas e
25 18,78 6.3 27.04 0en | 3 | 402l 1 foxm
2 . " 1.6 170 1,8 a2 bl feas ) 43ze
82 2 | 14 <68 16.43 % ]

23,90 15,81 87.53 208 2003 L =0y 0 —0
Ry " w 16,14 7.49 ) na2 e L —nls =10
" . . 1023 158 0,47 e fov o 4002 4080
4 20| 1 0 13,10 ' f

21.58 20,53 38.71 B2 | B2z +080  HL
14 ,, 1329 6.24 2840 9,81 ' 9.78 . +003 = 4031
17 . . 8.4 140 1640 a2 | oam —om ! —am
as 30 1,36 10,55 2180 !

1358 2,73 83,00 610 | om | —052 | <1
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TAHLE VII

Observations of Experiments on the Discharge of Sluice: Gates

. .Calculsate
Observed According Differences
. to 9—q,
Aotual - , = Formala |
(25
¥o. 7 (2‘ )
“ L'e! m? ’.l,. a ’W-‘ 9 L) m? )
kp' lLls' m.! |
2 20 84.42 2.2 2498 19.70 — 0:30 —1.50
4 20 3523 2.65 81.18% 10.60 —0.40 —2,00
(] 20 2088 . 255 13.9¢ .'(l._‘i 5 4 0.28 + 1.2
13 10 34.52 2,02 1550 40.25 + 025 _+‘u.r-‘2
15 10 27,03 3.88 15.3 1040 4040 4100
' 10 4 45.46 3.53 21.53 39.70 - 0,30 =055
2 6 2013 .37 17.58 61.80 + 1. +3.00
2 60 2200 0.125 1547 60.90 + 080 4+ 1.80
30 (7 19.25 R 15.30 50.10 —0.00 - 1.80
38 R0 8207 0551 som 81.76 +1.75 +2.10
se & 2089 .55 18,52 .50 —1.80 — 1
80 ' 25,04 [ .80 —020 —028
“ o 13.65 i 58 2002 - 108.00 &390 + 390
.46 100 103 ~.62 2207 00,70 —0.30 —0.30
" " 30.11 l 11,76 24,30 .50 —0.50 - 0.50
tnr 120 83,91 ’ 0.725 23,0 124.50 +400 +:4.78
52 120 15.06 , 1215 20.5) ' 119.60 —0.40 - —0.43
53 120 2550 1 1218 L oma 1250 4170 4142
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TAHLE VIII

Comparison of Calculated and Observed Discharges of Sluice Operating
Under Pressure

Actual! Observed Values
Dis- - ' Values Camputed According To
charge | . " Equation (20) — _ . Equation (25)
g : Popa_rt.rrm ¢ 'Depart.from ,.
lLem! , Q . Q
em. cm. cm. Lem' lLam!
1
!
20 11.09 2.56 738 . 1355 64 I 1298 2000 J010 050
© | 290m 292 | wzas o owee | osen om0 | wse jos o
50 2132 4.80 13,59 - 340 | 1een t —7.00 90 o .20
: ! . .
60 34.19 4.60 1822 ! 49% : 1050 17.50 60.50 { 0,50 j 083
80 19.44 930 | 1600 | aven 3100 _ae70 | w2 ~—125 —209
100 30,66 1076 24,30 71550 | 2030 | —2450 W9 —0s50 50
. A . .
120 2.2 12.18 2189 8300 | aen -0 | a0 0 4170 4142
120 3391 9725 | 2320 872,60 ' 32.40 I —2700 | 12450 4450 4375
: !




points. The difforonco botweon the two curvee is not very groat.
The upper liniit of oxporinontal valuecs is ﬁg = ,62 or %-= «67.
This linit was set by the oxperinental cquipricnt as the point past
which tho gatc could not bo opencd und still maintain a freo jurp.
It might havo beon possible to over-step this limit by tilting the
anparatus, but this would also have had an cffect upon the hoad wator,
This mas furthor than it was desircd to carry the oxporiionts.

Tho follow7ing cquation fits the c¢xperiixontal rosults:

= 0,617 + 0,04 =
T,

(This value is not in accord with other experiments and

cannot be substantiated by the cinerirants, Tatle V. Thoy give a

valuo of = .70, a veluc also given by King for orifices with con-
/

traction suppressad on the sidce and totton).

D. Rosults of Sxpcrinents.

The oxperients show cloen agrec ent botwoen moasurod dis-
charses and those corputcd according to forrmla (25). Tho biigost
discropancy was +3.90%. The uso of the old formnla (20) zave values
consistently smaller thin those measured, the biryest di fference was
38,7%. Table VII gives detail valuos for a nunber of experirents and
comrares the actual valucs observed with values computed according to
forrula (25), Table VIiIT similarly comnarsas exporinents and values of

Q computod both accordine to foraula (20) and forrula (25).
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E. Diagrgms for the Camaputation of Discharges under Sluice Gatos,

In tho calculation of tho discharge of sluico gatos it ié
dosirablo to kmow (1) tho character of tho discharge for rarticular
circunstancos and (2) the dischargo. Usually the hoad water clovation
is givon and it is dosircd to know tho itoms in quostion assuning
various valuos of the gate oponing or the tail water. It is laborious
to work out casos using foirmula (25) and to lighton this work throo
diagrams wore propared for sharp cdgod gatos using tho values showm
in Figuro 42 as the Mises valuos of the cocfficicnt of contrection,

To nake thc diagra=s univorsally applicable,quantitios
woro oxpressed in torms of ratios instozd of giving absolute values,

: H_ a bz :
In diagram TI thesoc values aro < 79 q275’ and qé7— e In diagrans

T b & hz a -a— T 1c 1
III and IV thoy areo ﬁ572’ E{" and 7 e In all cascs i ie tho hoisht

of hoad wator above the ga;e sill, hg is tle depth of tail wator,
"a"  tho gato opening and q thc discharge. (Unfortunately this did
not work out as tho author intended as he uses for q the discharge in
cubic meters per second per meter width oonpening and this ié not
made a pure number by multiplication or division by linear dimensions
such as H, hy, and as) Notched lines near the borders of the diagrams
indicate the limits of experimentally verified relations.

To maké the use of the diagrams easier the values of Hy,
height of tue energy gradient above the gate sill, in cquation (25)
werc replaced, aftor apvropriate correction, by the values of H, the
height of the hcad water above the gats sill.

Tho diagrams are dividod into 4 zonos:

Zone 1l: Discharge whore the top roll causes back pressure on the

-26-
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DIAGRAM II

Beadwater H as a Function of the Gate Opening (a) and the Tailwater Depth (hz) for Various Dis-
charges (q) per Meter Width of Channel
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gato opening, the caso whcro formula (25) is applicable,Zonos II,
IITI, and IV froc dischargo, whoro tho tail wator dépth is to be takon
at the valuo applicable to the vena contracta, i.o., hj.

Zono II, h2 ;>lqc covers the case whero the jump occurs at some
distance fram the gate.

Zone III, hp <;hk covers tho caso where the jump doos not occur
because conditions permit of kocping up a volocity in oxcaess of
critical.

Zono IV, covers tho caso whero h2‘<-hk and the velocity continuos
to aceclorato after loaving the vena contéacta.

The bordor line betwoon Zoncs Iﬁand II is that whoro condi-
tions arc such that a jump bclow the gaté iz just obvious; tho lino
botﬁoon Zonos IT and III is that where tho critical dopth is just
rocachcd; tho linoe betweon Zonecs IIT and IV is fhat whero hp = h,.

Diagram 11 shows the hecad water ﬁ as functions of tho gato
oponing "a", and tho tail water hy, for given valucs of q. By its uso
H can bo determinod for choson valuos of g, a and hy.

For instance: .
givon q = 10,00 cubic mctors per sec. pcr motor width of gato
ho= 14.20 m.

a=1.,16 m. what is H?

2/3 hg -
= 4, ! = 3,06

q 4,642 and hence 3573 3
= 0425

a
=273
a
The point of abscissa valuc 3,06 lying on thc curve -575 = 0.25 falls
: q

-2 Qe



DIAGRAM III

Discharge per Meter Width of Channel as a Function of Tailwater
Depth hp and Gate Opening (a) for Given Valuss of Headwater

Depth H
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DIAGRAM IV

Discharge per Mster Width of Channel as a Punction of Tailwater
Depth hg and Gate Opening (a) for Given Values of Headwater
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in Zone I. This mecans tha% the flow will'ho under back pressure top
roll conditions. The point above ddscribod also has as ordinate the
valuc 5,00 or ;gzg'= 5.00 and honce H = 5,00 z 4,642 = 23.21 moters.
Diagfam ITI gives discharge q as functions of gato oponing
(a) and tail wator dopth ho for given valucs of il and is convenicnt
to obtain q for fixod valuzs of a and hy and choson valqos of H. It
shows clzarly in Zono I how a deccerease in the dontih of the tail water

brings about an incroasc in discharze Mr a sivon sate opcning.

For instance given H 10,00 :cteors

3,00 metcre

joe]
0

hz = 5,00 metors reaquived q

A2 Che 5.0 a_ 3.00 ,
oL /2 - 314623, If- = 1')-.*0- = 0,503 T = fﬁ,’ﬁ'@ = o3C
a '
Thc»point or. the curve il «30 hich hue the abscissa of .50 has
4 , o
thc ordinat. ol C.762 which is the valie of 5375 y @ therefore

cquals D.762 x 31,025 = 24,10 cudic reters per sce. ror meter width
of patc. Thic point falls ir zonc IT which indicates that a fres
flowing discharge with a junp at sorc distance from the gate is to
be expocted.

Diagram IV gives the dischargo q as Tunctions of tho
tail water dopth hp and gate opecnin< a for ;iver valuss of tho head
water H similar to Diagram T1I but is arrarged t» shew the e¢ffeoct of
varying rute opunings upon the diccharec wacn the tail water is

fixed.

=30-



For instance given

H 10.00 moters

4,32 motors

a
h, = 8.0 motors, sought q.
H3/2 = 31.623; E‘ = 0.80, 7 = 4.32
The point on tho curve ;E = 0,30 mith abscissa of 0.432 has
the ordinato of ;5%72- = 1.075 80 that q = 1.075 x 31,623 = 34,00 1’/
sec./m. The point falls on the bordor linc botwoon zonos I and II.

This indicatos that a free floving discharge with a jump immodiatoly

below the gate is to be expoctecd.
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CONCLUSION
Tho oxporimonts domonstrato the applicability of the mo-
montum theory to all cases of wate; flow whero therc is a transition
from rapid to tranquil flow. In cousequo:ice of this thoorem thec dopth

of water above and bolow such transitions can bo computed fror: tho

folloving formla e e e
h =_hl +M}i+§.‘i}i ________ (6)
2 p) 4 3

If hy, is groator than tho right hend of the above oquation
the jump disappearc or travols domstroam. If hp is shallor than the
right hand side of the equation then the jump travels upstroanm
until it reaches the sluice gatc or weir and a back prossureo top roll
rosults,

A junp ccnnot ocecur writhont the formatior of a top roll.
Tho onergy.loss in a jump is conncctod wwith the top roll and the on-
tire longth of the jurp has a coveor of turbule.nt -ator.

M™Mec loss of encrgy in a jwap is givon by the formula:

(hp -
AE = yq 2 -h) kg vor sccond per metor width of channol.

4hi1hs

It is not possiblc to male a division of thc loss botwoon losces in
tho main stroam of the jump &::d tho lossos in tho top roll.
The dirmensions of a junp cun be fairly well dotormined.

Tho depth by formula (6) and the length by tho following formula:

- ho
l= [(hz - hy) (8.0 - 0,05 f-)]

The dischargo of a sluico gutc oporating under back pressure
can ha coiputod by the uso of tlic following forrmla:

ey
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Q =/uba\/2g(Ho - h)
whore: H

° is the enoergy hoad of the head wator above the gate

silla/¢ois the coofficiont of contraction of the corresponding froo

Jot; hp is the tail water depth and h is computed according to the

following formula:

2h E
n = E.E.]z. (hy=hy) +\/[-3—:- (112—111)] 24 hZ - 2H, [% (hz-hlg
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