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Synopsis

An investigation on the hydraulic jump in partially full horizontal standard horseshoe
channel is presented. Analytical and experimental equations and graphs have been deve-
loped for the main flow parameters.
: Introduction

The experimental and theoretical analysis of hydraulic jump in horizontal channel
have been almost studied throughly. Recently, the phenomenon in all shapes of horizontal
channels has been summarized.”? However; the hydraulic jump in horizontal horseshoe
channel, which is an important conveyance section, has been neglected.

In order to gain a more rational understanding of this phenomenom, a combination
of theory and experiments were used and the analytical solutions for the sequent depths
and energy loss of the jump are presented.

‘ Definition Sketch

Based on the hydraulics of part full flow in horseshoe channel and the definition
sketch (Fig. 1), the factors involved in the analysis are defined as follows:

Initial depth factor di/D, is defined as the ratio of the supercritical initial depth,
d,, to the diameter of horseshoe channel, D.

Sequent depth factor, di/d,, is "defined as the ratio of the sequent depth, d,, t
supercritical initial depth, d,.

Froude number is defined as the ratio

F=V/1/gDn e eeeereenessensnininsnicsnnsensininsicssnnces cerann crenrresesreee reeresasracscessnans {1)
where Dy is the hydraulic depth and s defined as the cross-sectional area, A, of the
water normal to the direction of flow in the channel divided by the width, b, of the free
surface.
Flow parametei Sfor horseshoe channel, Fp, is defined as the dimensionless ratio
Fp=QgAD? «creererserrveruunns cerrraneenes cerrrieaearenienas Cestessassstseseantiestrbnentrans 2)
where Q is the discharge, g is the acceleration due to gravity.
' Sequent Depth Factor
- There is great utility in expressing the sequent depth factor and énergy loss equations
for any prismatic channel in terms of upstream Froude number. However, for design
purpose, other dimensionless parametes may be obtained the similar result. For example,
Qz/gAlD3 which eliminates the numbers of factors mvolved in the ongmally defined Froude
number, b Q¥gAs, can be used as a parameter for hydrauhc jump m horseshoe channel.

(1) Richard Silvester. “Hydraulic jump In All Shapes of Horizontal Channels” Proc. ASCE Vol.
90, No. HY 1, January, 1964, pp 23-55. S
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The general form of the momentum equation is_

(Adg);— (Adg)l———(llAl 1/A2)...f..’.....;.....'.'...'.."........ SN - )
let Adg=P | | |
yields S , .
Q2 _(Pa=PO/D | e sse s s e staeen )
Where P[DP=F;(d[D) +-+e+rersesesereaesesererssnsererssiassssssssesessnsesseses et e srean starnansens (5)
AD2=F3(A/D) «eoreeeesssrsanassentiuriiiiiniiisiininasieissestie st s sssstssnssesssnssnsines 6)

and d; is the distance of centre of area of cross section below water surface and P
is the pressure on cross section of water prism in cubic units of water.

Functons 1 and 2 (equations 5 and 6) are ‘geometric properties for different flow
depths in horseshoe conduits. For standard horseshoe section, the properties have been
tabulated® or can be obtained from the geometry of the figure. Thus, it is easily shown
that equation 4, 1.e, flow parameter, Q*/gAD?, is a function of initial depth factor, d./D,
and sequent depth factor, d./d;; or sequent depth factor, dz/dl, is a function of flow
parameter, QzlgAlD3 and initial depth factor, d,/D. : ‘
That is ‘ ‘
dz/d1=F3(Q2/gA1D3, d/D) S ' (7)

‘Then, equation 4 has been s'ol(red for various value of di;/D and d./D. The solution
is graphically given in figure 2, from which sequent depth factor d2/d1 can be obtamed'
directly following evaluation of the d1mens1on1ess parameter Qz/grAlD3
NOW'

Fz—VzlgDh b(;l’/gz"&"’—(Qz/gAD"‘)(b/D)(DZIA)2 S .
and bD=FdD) . . L L )

" Substitution for F, w1th various value of d1/D gave a sxmllar result to. equation 4, and
the solution 1is glven in figure 8. ’ ‘ ' :

From equatlon (8) it is easily shown that the dimensionless parameter, Q“/gAID isa
function of Froude number, Vi/y/ gA,b;, and initial depth factor, d,/D. However; comparison
of Figures 2 and 3. shows that the flow parameter, Q*/gA.D? is much more significant
than Froude number. Also the former can reduce the width factor in computation. -work
and give a reasonable design chart. ‘ - :

To check the validity of equation 4, a horseshoe channel of 145 cm diameter was
constructed. A series of experiments, covering average values of F, equal to 1.01 to 6.2,
flow parameter, Q?/gA,D?, of 0.01-0.53 and initial' depth factors of 0.1-0.4 were performed.
The value of flow parameéters, QzlgAle, and Froude numbers for all the experiments
were plotted against the theoretical values caluculated using equation 4 in Fig. 4 and 5.
Fhe correlation.is seen to be good Hence, 1t is recommended that F1g 2 .and 38 be used
for de51gn purpose : ‘ ’ ‘

Energy Loss

The’ general form of reIatxve Ioss in honzontal Jump can be expressed as. EL,E1 and;

for all shapes of channel

(2)“Desngn of Small Dam” USBR ) ,, " o ' ;j"



dl +V12/2g"d2 2\’l2g d1 d2+ (Q2/2g) (1/A’ —].IA’I) m

EL/E1=

d, +V4/2g d,+Q*/2gA%
Now F%=0bQ%gA%, Q*=FigAi/b, .
Therefore, d 4 F" A
_1 ——._1 _.-—‘ 1 l " * - e
B /g, 2= d)+ (FLA /b (1 An/Aw %D 1 —g)+ @ ) s seeneseeseeens "
1/Ea= 2d1+F31A1/b1 = 2( 1)+F, A1 ) .”. 1)
5D
From equation (11), it is apparent that ) ;
EL/E1=F5(93 ) ‘_12) PP ISR TS TP T 2
Again it is shown that | . | l
_2(dy/D)(1— dz/d1)+(Qz/gAlDa)(DzlAO(l A’:IA’:) i
(2D])+(Q3/8A1D3) (D*/A1) i . _
or EiE,=Fy(QYgA.D*, d,/D) Com

, Thus, the relative loss of energy in the hydraulic jump of horizontal standard hors-
eshoe channel has been shown to be a function of only F; and d,/D or Q% gA,D? and d,/D.
To check the validity of equations 11 and 13, experimental values of EL/E, were plotted
against the theoretical values in Fig. 5.

General agreement with the Analytical curve is good even down to small Froude
numbers. This could be expected because for smaller Froude numbers, the upstream high
velocity jet enters the down stream over a smaller width and the resulting triangular
“leading edges” of the jump at the downstream end permit a certain degree of reverse
flow and recirculation.

This water is fed back into the jump and hence produces greater energy dissipation
for the smaller Froude numbers (F<<2.5). Thus, the characteristics of loss is well defined
by the analytical curve than that is for rectangular and other channels. Hence, equation
11 and 13 have been solved for various values of d;/D and the solution is given graphically
in Flgure 7 and 8. :

Conclusion

1. The sequent depth ratio and the energy loss ratio have been simply derived in terms
of the upstream Froude number and flow parameter Q?/gAD’ for the standard horseshoe
shape. : S

- General agreement has been obtained with experxmental data, although further tes‘ts
are desirable for Froude numbers in excess of 6. : BRI : b .

2. Because of the greater percentage energy. dlssmatlon of horseshoe channel more‘?‘
use could be expected of this section in stilling basin. . , AESR R l -

3. With the theoretyau‘r analysis nhow available for the ratios of both sequent depth"j
and energy loss the efficiency of other energy d1551pators can’ eqsxly be evaluated i

4. The length of the jump can be expressed in the form ‘ v

L/d:=F(F, d,/D)=F(Q¥/gAD?*d,/D) ;

This must be obtained from experimental data. As ‘the experlments were performeﬂ '
in a 145 cm diamenter channel, having a limiting testing head of 2 m, it is resoned that
the scale effect might be affected, hence, is not prresented ' »

% E

B AU TEE RROK LR Z W TE A EUKBFSES RRKBAALHER o AU EM EROKESE
MRS BRAIAEAZE®RE (Froude number) RAoTZ 284 » BEIASBQYgAD U {Lat HER
s A FRRASUARE KT RY ﬂﬁﬂiﬂﬂ@iﬂi  IBBENZ o

-~

\



Fig 1. Definition sketch
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Fig 2. Q*/gA.D® versus d,/D and d,/d;
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Fig 8. F vevsus di/D and d/d,
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Fig 5. Verification of Flow Parameter.
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Fig 7. Es/E, versus Q*gA;D?* and d,/D
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Fig 6. Verificati on of Ei/E, Fig 8. En/E, versus F and d,/D
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