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DESCRIF IO

cross = seetionnl eror
width of tho ck-1nel
crefficiont of vi.lccity
SLOTEY

frecud:s noober

functicrn of

accelerction duc to gravity
total Liced

drop helght

frictlon loss

herd loss

velocity head

constamt

length

length of hydreulic jump
length of roller

mome ntum

mass
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SYMBOL DERCK1IPL I

r total presrure

Q total discharge

Qe total discharge (critical flow)

q divet.arge per unit width

S slope of fluor

T time

v volume

v r.ear. velocity

LA critical velocity

W welight
X horizontal distance from beginning of slope

floor to the begirning of the fromt of the
hydraulic Jjump

y dsepth

35 height of hydraulic Jjump

I mean depth

In normal depth

Z slevation above datum
A momentum correctiwve factor

L4 specific weight

5 dimensioless parameter

e angle between slope and horizontal
7 dime nsionless parameter

A kinetic — flow factor
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CHAPTEHR 1

DTR e

Poay Yivostipaters have studied tha hydraclie Jemp on
corLi-wone »Tordry floorse Fow studlas brve bao~ +adu on tha
prebla s of 11 3ted nlop!s: floors 1a tha for: of ;lacis or
standting wave w 'rs, Tho writer studloed tre rroblo:. of the
linited slopiny floors in » sharo of sloping portion interru-

pting a horlzontel bed as a rasult of a drop in bed level.

Lizited sloping floors used in irrigation structurns may
bez enrlored to form a hydrzulie jump for the purpose of energy
dissipetion , to acconodete a certain bed Arop due to degrad-
atlon downstreum of an existing barrage. Effect of ths jump
position is impertamt in the design of irrigaticn structures
fron the point of view of the length of protsctive apron under
the hydraulie jump.

It is preferable to form the jump as near as possible to the
beginning of the slope to have the total jump formed on the
sloping part.

This serves in shortening the solid part of the floor.

The =ain objective of this ressarch may be summarized as
follows:
l. Investigate theoretically and expsrimnentally the Phem-
menon of flow over limited sloping floors of smooth

surface.
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2e Nutbina the Creptatt flow , fluld, avl cher-al vartables
o fenet te.a] relstie mip te be onend as oa e inl for
Lobhorstory axpuerl. 8rln.

jo Fisl tre pale* lons that yovern the positicr of the hyiran=-
136 fu o for iffrrat roncas of flow oottt lorns.

b, Study ths "ain churacteristies of the Juup,.

5. Study ths volecity distritutions ¢l thelr relatlons with
th.oa le~gth of jup.

%o Deter 1ration of the bast slope to be used in tha design

according to thy fisld flow coditliore.

In tho laboratory exyeri~-nts nine values of arron slepe have
been tried (1 to 1, 2 to 1, 3 to 1, ¥ to 1, 5to 1, 6 to 1, 8 to 1,
10 to 1 amd 12 to 1 ).

The momentun Principle was employsd to develop an expression
for the flow on limited sloping floors, Dimensionegl analysis was
used to assist in finding an expraossion for the position of the
hydraulic jump as a function of flow , fluid end georetry of the bed
Change of position of junp was studied with flow and flaid,
Charactaristics for differnt floor slopes by laboratory imvestigat
jons that covsers the flow ranges which are usuzlly used in the field

For floor slopss 3 to 1, % to 1, 5 to 1, 1C to 1 and 12 t0 1

vslocity distribution measurements were established. Contour lines
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e Aifforerd for.atiorns of e lyiraulie fuyp arae:d
el rily o vresoctare tho ter 4tas of tra vy 4310, Ae show:
iU F! 4(1e)y cusa T rrevails when *le tee of the hydraul te
a3 for .z on tha cloye, sf:llea the tar-i'ug, or andy of the
Ju.p oceurs o the horicortal srror,

1: cuse 17, illustrated by Fif.(1%), the toe of the
hydraulic ju-p occurs or the slore as I'. casa T, but the em
of the ju p occurs at the jurction of the slops arnd the horin-

ontal actro-n.

Ls shown ir Fig.(lc), case IIT prevails when the hydraulie
juir for:s entirely or. the slopir, apron, Cases TT ard TII are
practically the sane, and further gnalysis will be -ade ornly
of cases T ard ITY,

Tt will be moted that case I7 is virtuazlly that of the
hydraulic jup formed on a horizontal apron, operating with
excessive tailwater. 4s the tailwater is further increased,
the formation of the hydraulie jurp can be changed progressi-
vely from case I to case I1 amd finally to case ITX.

If the tailweter depth is increased by a vartical element
a ¥y the front of the hydraulic juop does mt rise an egqual
azount vertically. Instead, the juzp profile undergoes an
immediate change as the slope becomes part of the stilling
basin, as illustrated by Fig. (2).

For an increase in tailwater dspth &Y, the fronmt of the
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assu ing & straight-line profile fro: the he tp~in: to the e
of tte Ju.p. Ovor 600 tests wers '.ade irn n lass=walled flune
2.5 ft wide, 3 ft dzep, amd 3C ft lony. Investiyations were
=ad? on slopes of 1 onbhy, 1l on 3 n)l on 2, an' 1 on 1. nfortun~-
ately, Ysrnell's work was intsrrupted ty his death,

In 1935, Rindlaub CorAucted a seriss of experi~ants at the
Univorsity California hydreul ic laborstory. Experierts were
nade 1" a glass walled fluues 3 ft deep amd 0,5 ft wide.
Invasti;ations wers -iade on four slopss of 8.2, 12.5, 24,2, am
30°, with nost of the experinants being =ade on the slope of
12.5°. In his analysis, Rindlaub cow=pensated for the pressurs
counponent on the sloping floor by including a dinensionless tern,
which czar be detsrained experinesntslly, to accourt for any exter-
nal forcss.

Expasrinents in a rectangular chanmel having a naxinua Slope
of 1 on 1% were perforued in 1936 at columbia University by
Bakhnateff amd Matzke. In order to compensate for the wsight of
the junp on a sloping floor, e dinensionless cubic equation was
devaeloped which was found to be depsndent upon the shaps of the
Juzp. Unfortunately, the slopes investigated were very small,
and consaeguantly mo generalization can be nade fron the resnlts.

During 1941, Puls presented a nethod of routing stream
flow through a hydranlic jump in open channels. Puls's analysis
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tneluded soverr) factors which previously were com ilcorod
neyligible, Thesa forces !neludnd the friction of the chan-
ncl bourdirics, the shoor :pr1iad to the top dbouminry of
thr <trenm, and the 2iffarenttcl boutdrry reactinn ¥n®rod-
aeed by the weipht of theo jump body. Seluticn of the Jump
by the puls =tep mothod is hoth long : o 1l:borteus, -.m
sgv. ral trials must be meds for each sdlution, It is doub-
tful that the addod accurscy of this method ig warrantod.

Carl kindesvater 194, clessifled the cormon forms of
the hydruonlie jump ‘n sleping channele irto four genrrel
casec Fipgs (3):

Case 1: With the entire roll~r on ths horizonmtszl floor
which is the hydraulic jump in horizontel channels.

Case 2: The toa cof the roller is on the slow amd the
erd of the rollor is on the horizontal flocr.

Case 3: The toe of the roller 1s on the slope and ths
emd of the roller is at the junction of the sloping and
herizontal floors.

. Case 4: The entire roller is on the slope .
In each case, ths water surface and channel bottom down stream
of the jump, as well as ths referance axis , ars assumed to
be horizontal..

Case 1, that is the case of the hydraulic jump oh horizon-
tal bed, the momermtum principle can be applied to Fige(4).
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