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ABSTRACT

This paper concerns the determination of the  hydraulic
jump properties over rough impervious beds. An extensive
experimental study of the hydraulic jump ocecurring on smooth
and rough test beds are carried out. - )

Course sand and graveip of different sizes are used to
prepare the variocus test beds for the experimental
investigation. Different methods for describing the measure
of bed roughness are included in this investigation. Free
hydraulic jumps are formed in a rectangular flume downstream
weir medels of different geometrical scale ratios to obtain
various inlet flow conditions. The experiments are carried
out with different rates of discharge to cover wide range " of
Froude number. The experimental results of the properties of
hydraulic jump for various flow conditicns and different bed
roughnesses are graphically presented in this paper. A useful
empirical relation is deduced to give the ratio of the jump
length over a rough bed to the corresponding length over =
smooth bed as a function of the relative roughness height.

1. INTRODUCTION

The experimental determination of the physical parameters
of the hydraulic jumps occurring over ‘roush beds would be
useful. They may also be used to formulate the necessary
relations characterizing the hydraulic jumps . occurring over
rough beds, From the practical peint of view the resulis of
this study would be useful for ‘the desicn of the hydraulic
jump type stilling basins ‘with a’ horizontal floer, Proper.
stilling basins should ensure the following ' requirements:
high energy dissipation, necessity of . low. tailwater level,
compactness and economical design of structure, stability of
the process under variable discharges, and 'safety against
cavitation erosion. . o D R

. These requirements are usually met by instailing certain
accessories such as chute blocks, baffle piers and end- sills
aleng the basin floor. Alternatively, this may also be
achieved by the installation of reigh ficor stiiling basins.

The concrete floor can be roughened by instzlling large
gravels, stones or concrete blocks during the ,constructien
and should be placed as closely as peosszible to produce ‘roush
floor stilling basin. The results and reiztions chbtained from
thic investigation should aig in thke design of stilling
basins with rough floor.



The experiments of the hycraulic jump on rough hed  yere
perforred in a closed circui laboratory flume. The
Supercriticsl- flow was produced by weilr models'with'différent~
heights. The downstream water -dGepth = was controlled by  the
flume tail gate at the dovnstream end - of “the “flume. Five
types of bed roughnesses were studied. These roughnesses vere
produced by ‘'sticking gravel of djffézent,sizeswto the flaor
steel plates by means of the epoxy glue substance.. ... .-

The preblem ‘wvas  first approached "By 'the dimensicnal-
analysis cof the hydraulic jump over rough bed to’ have the
advéntageS".of ~deducing the dimensionlass parameters
representing the governing factors "of this probiem. .~ h
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2. DIMEMSIONAL ANALYSIS

Experimentz] programs xrcguire correlstion helween the

gathering of data and its graphical ' representation. Before
experimental results can be utilized, it is necesssry to
‘ascertain the functional form of the quantities entering the
Jump relations. In order to achiave this aim the dimensional
e&nalysis: approach s =pplied Lo the pPresent problem. B}
' At first, it is dmportant +o idertify the important
paysica ‘quantities  invelved. Consider  the simple
two-dimensional medel of hydraulic jump formed on rough hed,
s lllustrated in Fig. 1.° B - :
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Fig. (13 Definitien Sketch of The Flow Pattern Dovnstresm Weir Model.
~In  the presdent study, the independant. variables
considered in  the dinmensicnzl analysls are chogen to
fepresent the esxperimehtsl copditions of the problsm. The
fellewing sréothe parareters censidered for the dimensional
aualysis;: . - »
%= dzég:eigﬁtnfwei:medel;
A = helght of roughness elements;
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W= vidthlof flume;

‘= hyvdraulic Jump initial depth;.

2= hydraulic jump sequent depth;

i= Length of jump; R S
discharde per unit width of flume;
acceleration due to gravity;

mass density of fluid; and g
dynamic—vi5cosity.. -
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2.% The Déterndnatioh of a Non-dimensional Relationship for
The Lengtih of The Hydraulic Jump over Rough Bed -~ =~ °
The . above mentionegd variables are employed: in the
following dimensionallanalysis to obtain a ralationship - for
the length of a free jump over a rough bed. The length of the
jump may be expressed as an arbitrary function f’ of the

physical parameters of the problem to be in the,férm

bio= S Uby bz g 2, W, g, 0,80 0 ()
The homogeneous function of the relation 1 may be written
as ; . : ‘ ) )
7 fz( Li, hz, _hzl qQ, Z, W, u, g, P &) =0 (2)
in which f = another arbitrary function. '

. It is seen that Lj is dependent on nine independent.
variables having three dimensional units, hence SEVEN
independent dimensionless groups ., can be formed, using
Buckingham's Pi Theorem. The relation 2 can be arranged and
written in the folloving functional form,

Lj _ . hz A VoA .
he ~ To R g R R P Re ) £
in which, Re = the Reynolds number.
The dimensional corsiderations  show  that Lhe

dimensionless-jump length alse depends on Reynolds number Ra.
However for large values of Re, the effact of flu:d viscosity
on turbdlent diffusion i3 small. Thus heglecting the Reynclds
number, Eg. 3 becones

L ) Ez Z W a4
b s CRe B R R PO ()

2.2 The Dihensionle;s Relation for The Conjugate Depth
Ratie of Hydrauwlie Jump over Rough Bed
The conjugate depth of the jamp could be written as

hz = fo U 04, Li, q. 2, W, 4, g, e, A ) (%)

Similaxly, from Buckingham's ~ Pi thecrem, the following
dimensionless relationship for the conjugate depth ratio iz
obtained, : :

ha Lj A ki & .
BT R R R R BN te)




2 Fx ERBIEMTAL APPARATUS

The €xperiments 2re conducteg
lums, whieh Is of the Te-oirculs
teel sides ang g rectangulsy Cross
0 cm depth and of 4,0 pg lerigth.

The apparatus’ yag inadequate for Carrying out | the
SXperiments. The depth'of the flume. Y& " not . sufficiept- to
~Contazin  the wzterp- depth for  thig investigation |

in a 1abcratory-flume. The
ting type, has parallej
gection of g3 Cm width,

in the
épproach channel Therefore 2dditional steel parts to - extens
thas sides ef the approach channsl vere kade and then mounted

to the =ides of the apparatus  Aftey thiz modification " the
depth ofF approach channe] is 60 tm. ' The purpese 2f  this
modification is te enable tha placing eof & number of weir
rmodels with_diffarent“heights 2t the eng of the dpproach
Thznnel ip 6rder to creata a sﬂpercritical Ilow at  the foot
0f the weir model . The Supercritical figy ¥onld ba changed tg
& subcritical flow by the formation of the hydraulice Jump.
The maximun discharge 0f the pump operating the 0riginag

flume was 11 lit/sec. 3gch & discharqge ig not sufficient 4
erable this investiga“icn to  have wide range  of resnles.
Th

efore & ey PUmp of 3 maximpun discharge of 20 lit/see
led to replace the rig oxiginagl pump.,
The channel Was Sriginally Supperted gn o Eteel

is
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each end, In view of the incraaceg wveight gof water storeg
“Upstream of tha velr model ang to  ensure tke strength apg
stability 0f the channel, tyo steel stangs are made tn
Support ths Llume at the middie.

The shape and main dimensionsz of the flupa after these
medifications are zhown jipn Fig. 2.
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: The downstrean depth is adjusted by means of an  Inclined
' gate located at the end of the flume as shown in Fig. 2. A
hand driven geax system is used for the lifting or loweriny
of the tajl gate, to change the downstrean water depth.

pe.  The 4. THE WEIR  MoneLs
parallel :

width, The present experimentai investigation s ' carried . &ut

N using four weir models with different. €imensions. .The . main

?:Et “Ez : z dimensions of the four models are summarized in Tably 10

lsxt:‘:g ‘ : - TABLE (1> DIMENSIONS OF THE FOUR ¥EIR MODELS |

mounted N — : — -
ion  the . MODEL ' DROP MODEL |CREST BASE |CREST HEIGHT oF ACTUAL 'DROP
3£ this NO. SIZE |HEIGHT HEIGHT|WIDTH VIDTH|LENGTH!|SIDR HALL HEIGHT
2E  weir e . ‘L |éth,CR P, Cnm So,cr]B, cm ¥, cm om Z, tm
ippreach - : :

e foot :

inged to L 1 mall 10 11 2 12 60.5 60 11.0
fomp. r 2 Medium 20 21 4 24 60.5 - 60 S 22.3
wiginal ' 3 Large 30 31 6 36 60.5 LY 32.5

.ent  to 4 V.Large 40 41 - 8 48 60.5% 60 43.0
‘esulis.’ : ‘ ' '

‘sec  is ——

The definition sketch of the 2bove menticned dimensions is

o
ank  at given in Pig. 3, '
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Fig. <= Pefinition Skelch for The Bimensions of The ¥eir Model.

K is shown in Table 1 that the models He. 1, 2 ana 2 are
{%- I ; th eometrically similar modsls ¥ith geomelrizal scale
z;?z:r : Dy s5ing by the factor of twa. The drop  height T was
73 ’ USed #5 2 characteristic tinear dimension to ConpEre one
ifata ¥ith the other. Also, the modals me. 3 2 are  two
- Yacnetricsily similar models with the scale » cf  threas.
Por each experiment, one weix rodel iz fitted into the &nd of
the appreach channel, Putty ‘¥as  used i £i11  the parrow
gE2pes, in order to sievent any leaksge 2L the sides  and the
beg of the weir models . -
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‘The welr helght s changed when the weir is fitted with the

iannel bed as a resuli of the levelling of the  bad with.
ty te overcome its previoces irregularity. The actusi drop
heights are measured for each weir model and are given in
Table 1. . . ) - : v

S.iHP PrREPARATION OF 8T Bepw

Artificially rnghcned test beds : are prepared for tha
present investigation. This is carried out by the coatlng of
recLangL1=r steel plates, of the dimensions 2.6 % 0.6 ®, with
a thin £ilm of zpony (glue subztance) and covering them with
ccarse sand or grawvel of different sizes which have been
previously segregated by . sievihg. ' -

" Five artificially roughered test beds ‘are prepared

£

oY
the éxperimsnts. Each bszd has one size. of the roughness
elements. The ¢oughness elepents (gravel or coarse sand) ere

uniformly distributed as close to each other as possible on
the tep surface of the steel plate. Some of thesz test beds’
2re shown in Figs. 4 and 5, Each of the roughfnpd'—tﬁst heds
is later fixed on the floor of the Ffleme just downstrsgam of
the weir 1cael. Fig. & shows gensral layocut of Lhe

of gravels and one sive  of rcoarss
the effect of begd zoughness on {the
¢ duamp. The gravel sives are as
retained on the 2 mm sguare mazh
4 mm sguars mesh =cresn, the serond
n the 4.0C mm sGuare mezsh cereen bt
5 mm sguare mesh screen, the third
n 4,75 mm square mesh but:
mE sguare mes fourth
size retained on the 12.5 mm sau en  but
through the 19 mm sguare mesh sc e sand
ined on 1 mm square mesh sersen hreough
W sSqQuare mezh screen.
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B GEomMETRIC CHARACTLIRSTICS OF

6.2 Eguivalent Heights of Bou
The equiva]anf ronughness
height of the uniform thickn

rough zlemsnis on the test be

spread uniformly over the ste

of bed roughness vused in

dividing the water dizplacsa

obtzined using a graduzted tan

plata,
TABLE (2) EQUIVALENT HEIGH

EQUGH T2ST BED ~2mm| Z-4m 5-19%3m
e {@mm) 0.46 1.15 Z.54 4.33 8.29
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5.2 Methods hniess Hei
There ar i : used feor

height of the roughne: I 5. Scme wf

described in i

oA

~

12 The Fariy

e 4 A3

The ropughn is defined as the perticle
equal Lo or cies in the iz
Thiz roughn H & and Fleek [4]. 1n
order to d g kem for the different
reugh beds e igation, cross-sectional
profiles o 8Ty btained by the lateral
traversing of the te with e poiot qouus at  sone
randemly <chesen 1o The average wvalines of the
roughness height kes ; 2d &t “the Various iocations
represent the entire bed, ©bescause of the uniforn
distributicn of *he gravel pazticles ca the steel $late. The
values of particle height distributica  are summayrizged in
Table 3,
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PARTICLE HEIGHT IN (mm)
RCUGH TEST : :
BED “PERCENTILE
tmm) 50 65 TS
12 1.45 1.80 ° 2.78
2-4 2.23 2.56 4.23 -
4-4.75 4.78 4.21 £.19
4.75-9.5 4.81 5.85 .06
12.5-19.¢0 10,6 | 11.8§3 i6.4

2> Campbell Roughness Height Cr.m. 5.0

According to ref.[2] a practical method for ascertaining
reoughness magnitude is the root-mear-squaze {(r.m.5.) oF - ths
projection of roughness elements perpendicular to 5
taken through the lovest depression in the area surveyed . [the
Iough test bed). The values of r.m.s. for the diffeient types
of the rough test beds are calculated fronr the
Cross-secticonal profiles at the chosen locations. '

plane

(3> Another Mothod for Letermining a Measure

Jor The
Roughness Helght:

Height is found in the Russian hydranlics literature.
Vizgo [11] gives the roughness height by the parameter

A as a
roughness measure,
When dm ¢ 4.5 mn A = dm (n
and £or dm > 4.5 mm A = D.,38 dm {8}

where, dw = mean diameter of the gravel mixture, whiech is
given by

dm = 0.5 {(dmax + dmin) {9}

where,

@max = the size of the mesh screen ci the siasve which
¥ill permit the p8ssing of all particien of the mixture, ang

dmin = the size of the mesh screen of the sieve which

tatains =11 particles of the mixture.

The wvalues of the neasure of 2 2l
obtained Zor the five types of roughnesses arcording
abeve mentioned methods are given in table 4

[ _ et s
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Various sty f=.{1,4,2,101 have suggested that when
roughness siements are closely Spaced; the  depth pf flow
should bz neasured from the wzter zurfzce to =zome reference
leval betypen the creztz and the treuchs of  the rougihinass
elenents, ’

A @etaziled lescription of the depth-correction agalysis
i1s glven in %this study There ias pe standard methed for
locating the effective botton in & Tough irregular channe].
The fcllowing nelhods m2 investigators:

i) The etical plane at a

tance . g the most preminent

cticns iaces the offerctive
m guaite nzar b mixture and seens
best with & roughinesses such
xefl (4],
The effsctive bottan is assunmed Coincide with arp
tive souival: ro 5 height 7 in which e =
Es-sactional o rough e il We = the
£ tha workin t ig, 7 = cefinition of
s ¥ymbols, Thiz ages the bottem well
40Wn in the particl ¢ has bee th the larger
sized gravel ref.[4 sg—-sectio les  zre uged
to obtain the crose area of & ciements  Ap,
The zres  under & is ca using the
trapezgicdal rule.

3} The ToSt-mean-sguarsd wmeth 5 to determine
the effective hy fa in 212}, and

4y T i ure for the
roughness n alure ¥or ithe
determinsti ; ref.[117],

The rag 2% uzed  for
locating th table 3,
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Roughness Elements,

TABLE C5) BOTTOM DEPARTURE FOR THE DIFFERENT TYPES OF ROUGH
TEST BEDS.
METHEOD OF CALCULATION
POUGH TEST BED | dmax-0.Zkes| Ap/#e r.m.s. A
{mm} (mm)} (mm) {mm}
1-2 mn 1.80 1.135 1.70 1.50
Z~4 mm 2.86 2.00 2.60 3.00
4-4.75 mm 4.21 1,30, 4.00 4.49
4.75-%.5 mn 5.8% 4.55 5.50 5,70
12.5-19 mm 11.83 9.85 11.2 12.6 |
I
values of the bottom

It is to he pointed out that the
departures used in this study are the values of A. This ‘is
thought to pe the simplest method in

8. EXPERIMENTAL ResuLts

The experiments ére carried out using the different we
models describhed in section 4, Each of the siy types of te
beds is useqg with the tour welrs of the present
‘rvr~tigﬂtinn, 3ix to nine @ of  the rate gf
discharge In tha ILange § <« li s‘*d #ith each
¥ei)y model vith 5 dlaChnIQ i about
2 lit/zec The total number af runs is ahsot 180

uns. Observations are repezte I &scn experimental ranp to
ecord the fcliow.ng the upstrean depth  of  the hydrauliec
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Bmb, the tailwster depth which represents the Jump seguent
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from the wpstream section of the jump to a point on the vater

surface where the dovnstream flow
uniform and the av

{vhere the flcw begins to

visual

gach - weir

watey

surface

model

dimensionless parameters

prdflle
hydraulic jumps are also recorded.

The experimental range of the
determines

first

he free

of

the

‘present
range
namely: the’ Froude
upstream section of the hydraulic Jump, the
ratio of the hydraulic jump and the Reynolds

-becomes zielat

erage flow depth reaches its marimum
from -
some

and
oceu

‘addies),
of the

measurements
of the
~number at
conjugate

number at

upstream section of the hydraulic jump. Table 6 presents
zespectlve range of the above mentioned pazametezs.

ively
value

the
rring -

for
flow
the
depth
the °
the

- TABLE 6. EXPERIHENTAL RANG£ GF .THE. DEHhNSlONLRSS FLOW o

PARAMETERS
WEIR DROP UPSTREAM - CONJUGATE UPSTREAM
HEIGHT FROUDE NO.| DEPTH RATIC REYNOLDS NO.
Z cm F1=U1/9¥gh1 hz/ht " Re1=4Usth1i/v
11 2.52 - §.52 3.41 - 6.68 | 72852 - 46820
22.3 4.37 - B.56 5.65 ~ 8.86 | 121442~ 44918
32.5 5.14 - 106.91] 7.38 - 10.6 | 130360- 48328
43 6.58 - 14.09| B.40 -~ 13.44) 112459- 66229

O, ANALYSIS AND Discus

SION OF THE RESULTS

The experimental resﬁlté of the present investigation are
graphically reprecented in this section.
the relationships between

length of the hydraulic jump and

differant types of test

obtained for

types of

test beds

beds.
the hydraulic
are

the rate
‘the
The
junps
displayed

conditions (different Froude numbers).

A useful
experimental

function cf the relative

measure of the rcoughnes
depth.

vater

empirical egquation is
investigation to give the ratio of the length of
the hydraulic jump formed on the rough bed to the
iength of the jump occurring on the smooth bed
Afhz,
s height and hz is the jump dovnstrean

roughness

The results
of
tajlwater
water
formed
for

- deduced

discharge and
depth
sur face
over the
different

va

in the ¢

include

the
over

pzotiles

i sus
flow

eszent

respective
(Li/L, ¥ as a
where ¢+ is ihe

9.1 The Relationship beiwsen The Rate of Dischérge and The

Jump Length over The Different Types of Test Beds

Figs. 8, 10, 12, and 14 shov the variations of the length
oF the hydraulic jump with the rate of discharges ovar the
difFereﬂt types of test beds used with the four weir models.
All igures display increasing -jump length with the
cot rPSﬂo“ﬁlng increase in the rate of discharge {lowing over
the same test bed.

R
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The flgures shov a ganeral decrease 1n Jump length wit
The corresponding increase in bed roughness for a glvén valn:
nf the rate of discharge. However, sonms overlap is obserwe
butween the experimental points for the test bed of A = 1.t
2 and 4.4 mm. This is due to the error incurred in.estimabi
the Jump 1length. ©Perhaps, this. is expected because th

dovnstrear end of the jump cannot be .lpcated with a grea
degree of precision, since the end of the Jump does nc
- remain fixed but pulsates.upstream and downsltream. Therefor
it is for the observer to visually average Lhe pulsations o
the jump end, which should result in a slight variations i
determining the jump length. The figures aluse show that th
length of the hydraulic jurp occurring on the same test be
_ increases with the corresponding inqgeggg in the drop. heigh: .
of "the weir model, =~ T 7 ot oo ' '

8.2 The Relationship between The. Rate of Discharge and The
Tailwater Pepih over The Different Types of Test Beds
Figs. 9, 11, 13, and 15 shov the variations of kailwate

depths with the rate of discharge over diffarent types ¢

test beds uzsed with the four weir models. The figures sho
that over the same test beg the +tailwater dJdepth increass
with the increasing of  the rate of discharge. Alsao,

decrease in Lhe tailwatez depth occurs for the same rate «
discharge when the bed roughness is increased. Some- overl:
between the experimental results of the test beds with szmal
roughness height A = 1.5, 3 and 4.4 mm is observed. This
because of the presence of some fluctuations in the level ¢
the tailwater depth. All figures alsc show increasin
tailwvater depth with the corresponding increase in the dro

‘height of the weir mcdel.

9.3 The Relationship between The Term CLi#Ljsdhz and The

Absolule Roughness Height 4

fome values of the rate of discharge were ' sélected fro
Figs. 10, 11, 14, and 15 between 10 and 20 Lit/Sec with a
increment of 2 Lit/fec. The corresponding values of Li, L
and h2 are obtained. Then ths term {Li/Liolh2 is computed ic
different types of test beds and the relation betwe
{Li/Lje}h2 and the absolute roughness height A is plotted I¢
the different rates of discharge and shown in Figs. 16 anr
17. This relation shows a decrease in the term  {LifLacll
with the increase in bed roughness for a given valus the rat
cf discharge. Also, for the same bed roaghness {same teo:
Lad} the term {Lj/Lic)hz increases with the increasing of  Ln
discharge rate, as shown in Figs. 18 3nd 17.

8.4 The Ratio of Jump Lengih over 2 Rough DBed Lo Junep Lenggl
over a Swmooth Bed as a Function of The Relative Roughne
Heighl A/hz

Lk useful ewmpizrical egustion is deduced from the presan

experimental resuits to give the ratio gf the jump  lengl
over 2 reugh bed to the jump length over a smooih bed Li/lL
a3 a function o. the relative roughness height A/ha.
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relative roughlness {4/h2). Then z best it curve iz @y Lained
Y0 mEpresent the relation which is expressed In ihe form,
(%3
h ‘8 , @ S8520:
Sooos 1l - g.%8g399i1-2 (1o
Lis -’ inz}g '
¢ above relation {Eq. 19) may alsc be simplified in  {he
(‘:.EEF
AN
: A3 .
= 1 - //i i (11
/ « hej
Alsa, it iz s=meen that as
itnoresses, the ratio (Li/Lijo} decreasa
1.0 for the smooth bed case (A = 0} a
bed of 2 relative toughness height of
the zeduction in the Jump length
2red with the length of the Jumn
roeughness is large.
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Figs. 19 to 24 show the typical wvater Surface profiles
over Gifferent types of test beds for nuamber of experimental
runs. The effective battgm for each test beg is  shown i
these figures. These figures also show that the shape of fthe
free surface of the rough bed jumps is compacted compared
with the smooth hega jumps and also this compactness increases
with increasing cf the bed roughness. This is consistent with
the reducticn in both!pazameter 0% the Jjunmp length ang the
jump cenjugate depths over the rough bed.

k" (rmm)

5
G
<
[s}
8
T
=
o kodel Noi Fiw2.63
&  Hodel NoZ Fim4g6
¢ Model Ng3 Fim5.12
*  Mods! Hod Fim7.36
Effacthe Botiom
o TSotem |
L
G‘;‘_‘,__!_. ity oy l'“z;c”’ AR R ) !ae;c! LN LJ_L___Li?’:A_L,L_g_;__L.u_x_‘L
- LA AT ;g

Bistonce frem The Fool of Weir Madel ¥ {rum)
Fig. 113 Typical Water Surfoss Profilss for Hydraulic dump over Smooth Bed



71
73
)95
)
1868

———d

¢t profiles
Perimental
shown in
ipe of the
|  conpared
increases
stent with
and the

H ‘(mm)‘

@
i

Watar Dapth
9 2
[ I -
AN
N .

i

LINN L1

Mcdal Hel Fl=2.81
Hodel He2 F1=4.37
Madsl Nald Fis=f,

Mcdel Nod Fle=7 54

%
CJQ.\..
N

Effective Boltom

t
T |\§\
-
oy

//
b : ot ;
7ca & @3 o0
Dletance frem The fost of Welr Modst X {mm)

G

L~

Fig. (20} Typics! Walsr Surfcos Feoflag for Hydr.::::ifc durap aver
; 1.0~-2.0 mm Test Bed

135 po—e

3
= - v
=
=
L
=
s
c.
<
[
5
o
=
2 Modal Hal
& Model Wo2
o Kiodel Hod
Effecilve Hotlom %  Model Mot
PR AL LIS
;/
I T IS N S Y T T A N N SR M i S Rt e W S DT R N T}
200 3 &
Dizd

w5
istancs from The Feot of Wair Model X (mue

iz, (21 ‘({pica& Viater Surfece Proifles for +
045 men Test Bad




T

Vater Dapth * h" {mm)-
5 & 4 8 =z

R -

‘'Zepka

Effsclive Botiom

Modaf Noi Fl=m2.68
Model Ho2 Filwm4.83

Model No3 Fim5.80 -

Hedel Nos Fim7.49

| EL NS BN IR I I

Distonce from Ths Foot of We=ir Modal

Fig. (22) 7
g 8

111:1‘1;111:111101x1
L2006 . 400

icel Water Surfacs Prof
—4.75 mm Test Beg

7]

X (mm)}

tas for Hydraulic Jump ever

K {rnen)

Water Pepth

/!

£

44

B p 0

CHective Boiom

todsf Mol F1=3.25
Hodel No2 Fi=4.70
bodal N3 Fim5.27
Hodal Nod Fi=8,82

L SO N YO JE 00 SO0 O O T L IR T T R |

PNt

Distence from The Foot of Weir

Fig. (23} Tpla Wolsr Surface Profii
+.75~3.5 mm Test Bsd

liill*t'ksllyllvli.t_!i‘
é-vf"l m

{rm)

a3 for Hydrouiie Jump ovar




e
et b
[SY=YrN

i

R e e
i .
TG
U=
10c}~
— -
-
£ S0
E. L
h
eal- .
. ¥
g™ .
o
)
fe
=
-4
3244 o Hods! Nal Fimz.5¢
S’ 2 Modal MoZ Fisd 45
. oml ) 2 Model NoJ Fimg.48
i Effective Zottorm *  Modsl Nod Fiw7.17
ity FOOeT
Ko
G_L_Jrr_:cx-nl:tlrsrxptlirljls;lnf’xlrl;'-i:"
: FES) L o BQ2

Distence from The Foot of Welr Hodal X (mm}

Fig, (24) Typleal Walsr Syrfeee Prafiies for - Hydraulic wemp ever
12.5-12 min Tost Bed .

70 CONCLUSION:

This paper concerns the determination of Lhe hydraulic
jump bPreperties over rough impervious ; extensive
experimentsl study of the h¥draulic jump oce Ci smoull
and  rough tuezt beds are carcied cut: iThe following
conclusions are made:

The presont 2xperimental results of ihe yGrau
foermed on a smooth hed shoved good agreement wilh bo

EXN
5

Tespective experimental results by olher invest
the results chkiained from theorstica:l relztinnsh
classical hydraulic Jump.

It was {oun that bokh the lengtn of Sump
tailwater depth weould VRDY with the supercritica:l
number and Lhe zelative roughness, Tha free uurfarce
cf the =cugh bed fump is  more toempact  wvhen cumparaed
respective hydranlic jump  cver the smoaoth bed.
experimental visual observatlions showed that the roughn
reduces the amount of vave formation in ths hydraul ic ju

bezn  deduged from

A useful empirical equation has
gxrerimental results which describes th
length over a rcuagh bed to the Correspo
Smooth bed 535 3 Ffanction of the relati
Afhz, (Eq. 113,

e ratle  of the
181ing  length  pve
v

& rounhness thejs
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APPEHDIX . HOTATIONS.

The following syubnis are used in  this poper,

Symbol efiniilion
& area of the cross sectional proille of
tha gravel mixituzss
dmex. The size of the mesh screen of the sleve which

&
will permit the passing of zall particies of
the mixture.
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‘Bou&ﬂary

de Jump
fydraulic
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Inflow
rdraunlics
18, Aug.

: Jump in
an,” Vol

over a
Colorado,

imp over
sity of

o the
Jivision,
56, pp-
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Beds",
ada, Vol.

Jraulics,
fashkent,
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&

[= e

Tho size uf the mesh - screen of The slave
which retains all particles cf

the mixture. .

Hean diameter 0f the gravel test bed.

An grbitrary function.

Supercritical Froude number, Us/vghz. .
Acceleration due to gravity, R
Head OVer weir mode:, Fig., 1,
Effective depth of flpw 3t the jump Loe.
Effective depth of flgw at the jump heev.
Meazured flov depth at the jomp toe.
Measured floyw depth at the jump hee),
Eguivaient zand grainp roughness {(Rikuradee,
Eguivalent reughness height,

Measure of Trcughness size for gravel beds
Lenalh of Jump, FPig. 1.

Height of weir medel,

Discharge per ypis wildth, o/w.

Width of channel, ‘

¥idth of the working section of the test bed,
Fig. 7, ‘

brop height of ¥elr model,

Effective érop height ef wvelir medel, {7-a).
Specific velght of vater,

Effective height of Toughness elements,
Fig.7.

Dynamic viscosity.
Kinematic viscosity.
Non~dimensional term, (¥°L%p
Density.
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