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ABSTRACT
L mathematical model for predicting the sroperties of the
hydraulic jump sccurring cver smooth and -rough beds 1is
presented. This mathematical madel aderpts  the theoretical
relations of the hydraulic jump over rough beds, Tha
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Then the water flows nver the weir model as shown in Flg. 1.
The shooting {zupsrcvitical) flow created at the Foot of - Lhe
welr model converts inte the tranguil (subcritical) flow Ly
the formation of the hydraulic jump in the downztream ol the
weilr model.
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Fig. (1) Definition Sketch of The Flow Pattern Downstream

Weir Model.

The Elume tail agzte is used to control the downsireaw
depth of the hydraulic jump. The £lume downslream depth s
controlied Lo ensure that the jump formation would beqgin ak
the foot o0f the welr wodel. '

The mathematical model is theresfore applied to predich
the properties of the hydraulic jump occurring wver Lthe rouqgh

test bed downstream the weir model. Both the wvalues of Lhe
roughness heiaht of the test bed and the Fflume rale of
discharge are requirszsd to begin the ralculation For
predicting the various variables of the hydraulic Jjump. The
£lowchart of the nomerical scheme is given in Fig. 2.
The weir modal discharge equation is given by
Q= Co H™ (1)

in which,

Q = Discharne of the wveir model,

H = Head over the weir model, and

Co, me = Conztants for esch veir model.
Ref. [11 giver thes vaines of <= and mo obtai ! fyom various
weir models,
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H = total head of water cver the wsir model iaciudes the
eifect of the velosity head of the approaching flow.
The specific eneray at the foct of the weir model ™
a2iso be expressed by the fcllowinga
. b
B2 = ht + us {5}
2g *
Tha substitution frum Eg. 4 and Eg. 5 into Eg. 3 leads Lo
the fcllowing egquation 2
H+ Zo = he + 9% 4 o (6
2g o—2

Eg. 6 may be simplified t
the mean velocity of the
(inlet velocity of the hyd

give the 1{following relation fo
low at the foot of the weir mode
raulic Jump)

o
-
3
T

where, Cv = ¢
by the weir d
Since Ut = Q0 / W hs (8}
where, W = cha i3

The substituti

-
Yo
il

o~

v
—

cv W/ 22 785 5 28 - nz ]
F LN
of C for each nodel

Eg. ¢ is =z
the foct of th
using an itsra
depth k. Po:
ht should be lezs
Thus,
where,
The iterative
the value of
veiue of if
the value eof {1
raticng is lezs ti
caliculaticn of hs
be the appropriat
@, e depth of flow s
btei , 1t represenis t

G

Darcy-Helsbach friction factor at the tce of the dume can
be calculated using another iterztive schems. i

The initial estimate of tha friction f‘C?U‘, f1, is  mad.
using the fcllowing form of the fully rough :iow yiven by
Reulegan [§]:
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d roughnesSs.
height is egual
form materials
and by experience
A or Ko

»he Nikuragse 3a0
then the roughness
In natural begs of uni
largerx particles,

such as Kz ®
£ study the valuve of K=

¢ uniford,

here, RKe S
size 1
grain diameter.
hecomes armoured with
~an select the proper particle sizZe; .
whatsver 1S app:opriate. in the presen
ig taken to be the rougnness height & ref. [(1}.
“according Eo Colabrook-¥hite (21 the formulas of the
sriction factorl §1 for the three types of fully geveloped

turbulent flov¥ are zepzesented by the following 3
ically gyoolh turbulent flow:

¢, Hydraul
¢ given by,

iction factor 1
f1 = __________,_j_'__.—————"_";
Hed Y fi)]'

\2'0 Log (F5TET

the fx

hydraulically amooih and

2. Transition regicn  between

rough flows:
£y czn De estimated bY 8 podified Ctolebraok formula whic

{12}

¥

iz given bY,
1 N
fp o= ———— T 2 (13
r ~ 3
‘2 LO?{T;'T + #_2;2__;}
L = BetV It

Hyirﬁulicaliv raul iy Rough 1
3 2 g

rhe friction

1
1 = __-»—_-__4__;__-——_*__—‘,_-._.
T " - - =
E'z o Log | 12 B2 o
8 Loz (R ]
E




@ = kinematic viscosity.
The transition range c¢f the roughnass Reynoids number s
approximabely defined by the limits,
2. ¢ U= A L 16p 116)
hg
The lower limit ¢f the roughness Reynolds number marks the
end of the smooth conditiens vhile the upper limit indicates
the beginning of fully rcugh conditions. :
In order to measure the rate of convergence for the
calculation of the ¢friction factor in the iterative
procedure, the differsnce between each twe successive
iterates, (fatren - faw) /  faem  is obtained. fThe smaller
this difference becomes, the closer the iteratinn schepe gets
to the proper solution. The convergence criterion is

represented by the fcllowing [ref.71]:

(4]
cH
[3+]
w2
o)
=
;:
]

where :
f.l(n-)-:)

= the value of friction factor at the Jump toee L
obtainsd afte - i

& cf the iteration «cycles, 2nd
fam is the respective value cbiazined after the pumber n of
thz iteration cyclexs
This 1ig considersed to be s raliable indicator of the
convergence of the rztive schere.

Having obi al frictisn fzctor £1 at the inlel
szatien of L Jump, one alsc alculate  the
upstrsam Froud
Zince Ui = 3/ht (18)
then,

(1%)
The v ez of znd Froude number Fi1 at the
Jump et ge be adopted to £ind the properties
of th vdrau to the theeretical relstions
of re {1t £ craulic Zump,
the relative  jJumpe length  (Lj/hi):
L; B~ ¥b <4ac
i < 5 3 1z03
where,
i - . 2 .
== 4eihTRcet] 0 s L Fafr (043¢ ;l (21)
R L < : i)
T - b i
R - -
Bo= ki 4 =713 43— I} 42— P01 w3 2 4 —-i-ﬂ
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in which, kj iz a dimensionless cvonstant for the jump “length
vhich is egqual to 35,000 xef. [6]1.

the conjugate depth ratico (J=hz/h1)}):

=272 cos [—Ll ' 124}

3

w

vhere,
n’ .
£ = COS [__;g___#*] _ {25)
T d
2 ¥ 8327
J = hz/hz, (25)
. 2.2 f1 2 L3, .
r =1 +22F- —B—Fi { }‘.1,' {27}
and B = 2 Fa (233
{

fie relative (niegrated bed shear force (P{/F1):
F

Br/7fe = (J-1)

£ o2rs it
i
L

P:= the hydrostatic pressures force a2t the Juwey ioe

- . . chE 2
wihilch is given by (8.5 rhe ).
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in orxder to check the reliability of the present
C

theoretical mn~e1, the respective results. are compared with
the experimental data. The folloving znalysis are made.

3.1 The Conjugate Depth Ratios, Chzsud ]
Th2 ratio of the tzlliwzter depth hz to the initial depth
hi ot the free hydraulic jump is called the conjugate depth
ratio. The sxperimental data £or the conjugate depth ratioc
: repressnted by the points, in Figs. 2 to B for the
ferent types of test beds. The «curves in ihese figures

rezent the resulkts of the theoretical model based on Eg

The ceomparison shows fairiy good sgreement betwvesn both
messured and predicted vwalues aver the Jmooth Lest de.
this case the pradicted reswlis =axe slightly bett st

rroudes number than those obtained irom Bélanger mqn as
wn in Fig. 3.

Tha fliguores also shev that the depth ratios dJdzscreases
when the tast bed roughness beight is increaczed.

¥or the rouwgh test bheds, +the agraement betwezn the

tical nd gxparimental results is fair in the
£ wp %o about 8. Howevsr, the
niugate depth tend to ba nigherx
Perhaps, this is Dbecause of +he
£y the thecretical model as well as
sarement of waiter depths of the
1tal difficulties such as  the
the jump 4 o the fluctusting
& cause ¢f such error in the
at the experimental
=T amp b2 Fa'zm at th=2 foot
€ ry laysr llv developed,
ha ‘2 demonstrs ! t agffect
{4 t on the b 3 iction}
rac ics. This effect way bLe the
e s beztween the thecreticzl ang
itz fox the flows cof | Froude number.
from the filgures 1 low Froude
numliers, ntzl points in th to
thz lins 1 eguation, which cth
Boundzary : , Then f2il gprog:es Iow
the lines of = soretical prediction srs=
rease. This lisnd iz censistent ok
“heusser and Schillex [5] &t very ers,
<4}, where hz/h¢ valuse £cr zreugh iten
mrved to be zlightly shove thse lin ooth
idary conditions.

Rzjarastnar [S1 intzrpre these findings as being due o
the separation of the boundary layer at the upstream section
wf the Jjump with 2 change in shear st?acs at  the point of
Se ation. Therefore, the ne: shzar force might near zers or
mi be contributing to an  increase in  the ubecritical
553 nt depih which, czuse an increase in hz/hi value;.
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the Fy 5. 21 to 26 also show increasing value for the
relative ntegrated bted shear feorce with the increasing of
the siy o[ bed roughness.

4. Cr CLUSIONS

/' The following Are the conclusions mnade frem the
(omparesion of both the thecretical and experimental studies.
The trend of the experimental results is consistenk: with

" the thzoretical prediction, and some good agreement betwesen
the resulis is achieved in the present study. The theeretical
results also show sOre deviations from the exper imental
results for some of the parameters of the hydraulic Jump
particuiarly for the flows of high Froude aumber over the

reugh bed. However, the theoretical prediction =may be
improved by the actual representatioen of the friction

distribution on the -rough tezkt bed in ihs theoretical
relations representing the rough beds. The affect of the
fully developed inflow conditions zt the Jump toe must be
alsc considered in the thecreticzl analysis of the Jump.
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APPEMDIX T :

NOTATIONS.

The following symbols are used in this psper,

Symbol
SsEPE

N ot e w

0 < 9

L

n

Fgs@rEmson

L

s

A -
LA [

O Do g
D

,.
v

i

Res

Wb

Lol il 4

)

-
{

Parameter given by Eg. 27.
Parameter given by Eg. 21.
Farameter given by Eg. 28,
Parameter given by Eg. 22.
Parameter given by Eq. 23.
Discharge coefflcient
Cosfficieat of velec ty.
Specific energy at section 0-0.
SQ-cxflc energy at section 1- 1
t es

Total energy loss over any
Darcy-Weisbach fricticn facto et
Supercritical Froude nLnJQr, U /# hs
Head over weir model, i
Effective depth of L¢ow at the jamp t
Effective depth of flow at the Jump hesl.
The energy loss 8Tross the weirv medel .

Comstant for 3jump length, Egs .21, 23, 23
Equivalent sang crald roughness (Nikuragse)

Length of jump, Fig.

Beight of weir mocdel.
Pressure force
Integrated bed

Dischargs, Y/T

it width at jump tos,
LDXCe per unit widtih

Hydraulic radius

a2t jump toe.
Reynold's number at jurp toe, 4U1R1/1.
Reynold's number for roughness, U%iA/u.

Pt A,

Shear velocity at JUBD Toe, v Toi/F .
Width of channel.
Drep beight of weir modszl.
Effective &rop height of
Specific weight of warer
Effective height of xoug
bynamic viscezity,
Kinematic viscosity.
Density. .
Fsremeter given by Ec. 23
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F=FB

CALCULATION OF THE INITIAL ESTIMATE OF THE VALUE of (J)
JO=.5*(SQHT(1.+B.*Fl**2)-1.) ’

N=1 - 7 .

ITERATIVE PROCEDURE TO IMPROVE THE VALUE OF {J)

FUN=(F/4% ) #P1%%2% (2. +(1./J0))
AJ=KJ*FUNT ¥ 2230736
AR=(F1¥7 A% (Juil, ) %5G

BO=2. ¥ JOXERAF A [ JOK*35(1,-J0)+. 5 (FL¥22) S JOF (JOF 821, ) §710

CI=KIF(JOFTIN(] . J0)+, SXPIXRIHTOA (JORAZ-], 51582

DEF1%% 4% (100, } P E6H{J0-1 . ) %2

IF(LAI-AR) LEQ.0.D) O TO 3

ZZ=BI**7 4.5(AI-AR)*(CI-D)

BOR=8ORT (%7} '

LIHI=(BI- SORY /(2. *(AI-AA})

B=l. 42 %P L¥%7-(F/ 8. )*LIN1*F1%%2
B=Z.*Rl%*
AMR=(~B/(2.%C0RT (A /3T, ) 1)
IF{AMR.GT.}.0.0OR.AMR.LT.-1.0) GO TO 3
PHI=ACOS {AMIL)

- J=Z  EBQRT(A/3, } " COS{BHI/2 )

s AR3(JO 1)

I FLLT.0.000036G90601L) 80 TO 100
I GT.N0Y G0 T 1480

J

N
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