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Abstract

Mathematical model for dredging a triangular operhannel with
hydraulic jump is developed using the method of eessive approximation.
Applying the model to a numerical example new parters of the new
(excavated) channel are determined and comparecdwiitose of the original
channel. Another feature of the work is the appliben of our model in
Bernoulli's equation which leads to the energy disated in the jump for both
the original and new channel. Based on this, othparameters like jump
efficiency, relative energy loss, power loss andghé of the jump are also
determined in the two channels and compared.
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1.0  Introduction

Recently Eyo [1] models a flow with hydraulic jump in a parabohannel with abrupt
change in slope using the conditions of geometrical and dynamimdarsies coupled with
continuity condition. He showed that the downstream parameterseaegally greater in the
original and new channels than the upstream ones, but that the treweriged in the case of the
Froude number which is lower in the downstream section of both channeth¢hapstream one.
Nasser et al. [2] discussed flow in a channel with aisltie bed and showed that the coefficient
of discharge for the slot can be expressed by means of a siguyaigos. They also showed that
resolving the momentum equation along the flow direction yieldsxaression for the ratio of
the brink depths at the beginning and at the end of the slotnis tef the force coefficients,
performance factor and the approach Froude number. In studyingssigtied hydraulic jump in
a rectangular channel, France [3] investigated the stahifityhe hydraulic jump and the
effectiveness of the jets over a wide range of operating conslitiHe observed that the
stabilization of the jump is dependent on a number of parameteceeitded that the angle of
inclination of the jets has the most pronounced effect. Notabi&ibutors in this area include
among others [4,5,6,7,8,9,10,11].

In the present work, a mathematical model governing the ema\a a triangular open
channel section is developed. The study of the triangular opemealhaection is of interest
because of its peculiar nature which makes it distinct from othenehaections. Here
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the flow is non-uniform and steady. From a numerical resuly fdrannel flow problem, certain
parameters of the new channel exhibit interesting characteristics.

2.0 Mathematical model for dredging a triangular channel section

In what follows we shall denote the original channel (i.e. ttannel before dredging) by
the symbol O, while the new channel (i.e. the channel afestgthg) shall be denoted by the
symbol N. We shall also use the subscripts 1 and 2 to denotgsiream and downstream
conditions of the channel respectively.
2.1 Mathematical model for the original triangular channel
2.1.1 Upstream Parameters

Consider a triangular section depicted in Figure 2.1 with side slafpgsvertical tok
horizontal. Leth be the depth of flow in the channel.

Figure 2.1: Triangular section.

() Cross-sectional area {3

(A) =klh); (21)

where (h), is the upstream depth of the original channel.
(i) Wetted perimetefP;),

(R), = 2 )+ k] 22)
(i) Hydraulic mean depth (R
(R), = (A) _  kh)o  _ k), 23)

R 2n) o+ ]
(iv) Discharge (®o
Using Manning formula [5]

(@): = - (A)IR)T*S* 24

wheren is the roughness factor angliSthe bed slope of the channel.
(V) Mean Velocity (u)o
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1) = Q)
(u), (A) (25)

(vi)  Froude numbe(Fl)O
Again, from [5] and using our modeling notation
(ul)O (26)

(R = Tolu

(vii) ~ Critical depth(h,),
2 }é
(hc)o{z@l)o} @7)

k’g
2.1.2 Downstream Parameters

(viii)  Downstream deptlih,)o
The equation for conjugate depth of the jump is given by (see [5])

(&J =1+3F2 1-(ﬁ] (2.8a)
hy h,

From (2.8a) we obtain using our modeling notation

Gl ] e

for the determination o(h2 )0 , or, we obtain

] omn ]

for the determination o(hz)N , all by means of successive approximation.

2.2 Method of successive approximation.
We illustrate the method here by obtaining first approximation.

Expanding (2.8a) and simplifying we find

e = (h? +3F2N? )n? — 3F7; (2.9)
Lo 3Fh;
Now, (2.9) can be written in the forin} = (hf +3F°h} )h22 - (hf +3F12h12)><(ﬁ)
h +3F’h;
: 4 _| w2 _ 3F12hl4 2 212
i.e. h, = (hz —hlz +3F12hlgj(hl +3Fhy )
or h, = (hf + 3F12hf) (2.10)
he - 3Fh
hLZ +3F12h|_2
We assume{hz2 - 23F12h;; ZJ ~[ 23F12hf; Zj so that (2.10) becomes
h+3r ) (b +3Rh
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¥ +3F

he = 3F?h;
h, = (aF7h )"

In terms of our modeling notation (2.11) gives

(h,), = BEE ()]

(2.11)

(2.12a)

which is our first approximation fohf),. Successive approximations yield the desitgh.(
Similarly, (2.11) yields using our modeling notation

(), = 3R ()]

(2.12b)

This is also our first approximation f(éhz)N . Further iterations yield the desiréldz)N
(i) Cross-sectional arga,),

(A,); =k(h,);
x) Wetted perimetefP,)o

(R), =2(n,)

hol

(xi) Hydraulic mean dept{R.)q

(R), =

(xit)  DischarggQ,)o
Q.),

(xiii)  Mean velocity

>

k(hz )(2) — k(hz )0
h)ofe kel 2feke]”
= (RIS
(o

_(Q,),
) =),

(xiv)  Froude number @y

(F.), =

(u,),

+\ g(hz )0

2.3 Mathematical model for the new triangular section
2.3.1 Upstream parameters
(xv)  Cross-section arday)y

(A)y

= k()

where (R)y is the upstream depth of the new channel
(xvi)  Wetted perimetefP)n

(R),

=2(n), 1+ k]

(xvii)  Hydraulic mean depttR)y

(R)y =

(xviii) Discharge (@n
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(@) =T (A)[R)J s 222)

(xix)  Mean velocity (&)x

_[Q),
223
)y = (A, 223
(xx) Froude number GFN( )
u
Ry = (224)
( ) glh)y
(xxi)  Critical depth(h)n
2(Q): I°
()= 220 029

2.3.2 Downstream parameters

(xxii) Downstream deptHg)y
Applying the method of successive approximation described abotie eguation for conjugate
depth (2.8a) and using our modeling notation the downstream deptlegh be obtained.

(xxiii) Cross-sectional arda,)y

(&) =k(h, )} (226)
(xxiv) Wetted perimetefP,)y
() =2(n,), 1+ k7] (227)
(xxv) Hydraulic mean dept{R;)x
k(k, )2 k(h
(RQ)N - ( Z)N — ( 2)N (2.28)

SNADS B S
(xxvi) DischarggQ.)n
Q) =

(xxvii) Mean velocity(u,)x

MRS (2.29)

N
—~

(u,), = (@), (2.30)

(xxviii) Froude numbeffF;)y

(2.31)

J_(EK

3.0  Model for energy loss, jump efficiency, relative energy losppwer loss and
height of the jump
The energy losks occurring between the two sections of the channel as deterfriomed
Bernoulli's equation for any streamline between points 1 and 2 of the hydtaup is
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= || s CR

29 29
or h, =E -E, (3.2)
where = u—lz +h (3.3)
29
and E, = u_f +h, (3.4)
29

Here E; and E, denote the specific energies before and after the jump tegheclt is
elementary to see that (3.1) yields after simplification

, - boh) o5
4hh,

From (3.5) we obtain using our modeling notation
Energy loss in the original chanr{)o:

— [(hz)o - (r‘ﬁ)o]3
b d =t @9

Energy loss in the new chanrgbf)y:
— [(hZ)N - (hl)N ]3 (3.7)

Next, from (3.6) and (3.7) we have
Jump efficiency for the original channel

Lk o),
= (3.8)

-_29 (3.9)

Relative energy loss for the original channel
(E1)0 B (EZ)O :1_ (EZ)O (310)
(Es (E),

Relative energy loss for the ne(vv c)han?el) ( )
E) —E)y -1 E )

=1- (3.11)
(Ey (E

Let P* denote the power loss in the jump, whil& denotes the height of the jump. Then using
our modeling notation we have
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Power loss upstream of the original char{rﬁél)o

(P ) = po(@)lny), (3.12)
Power loss downstream of the original char(l’r'rg*l)0
(P ) = pal@)sl ), (3.13)
Similarly,
Power loss upstream of the new char(|ﬁ§I)N
(P )y = 0(@)u ), (3.14)
Power loss downstream of the new char{ﬁél)N
(B ) = (@), (o), (315)
Consequently
Height of jump in the original chann(aIH D)O :
(H) =) - (), (3.16)
Height of jump in the new chann@H D)N :
(H)h =) - (), (3.17)

4.0 Numerical illustration

Consider, for example, a triangular channel with hydraulic jump having sideSchMer
2 horizontal and slope 1 in 500. The channel conveys water at a afefit5m, Manning
coefficient n being 0.012. Using the model we wish to determine, driéelging the channei)(
the new dischargeii) the new cross-sectional areii) (the new downstream deptlw)(the new
critical depth, ¥) the new energy dissipated in the jump) the new relative energy lossii} the
new jump efficiency, \jii) the new power loss andx) the new height of the jump if the
excavation must be to the depth of 2.0m upstream. [§ak8.81n/s7].
4.1 Solution
4.1.1 Original channel
4.1.1.1 Upstream data

1

From the problen‘(hl)0 = 125m,k = 2,n = 0.012,S, = ——. Substituting these data
50C

appropriately in the expressions (2.1) — (2.7) we obtain respectively
(A), =3125m%,(R), =5590m,(R,), = 055901

(Q), = 7.906m%,(u,), = 2529m/s,(F,), = 0.72248

(h.), =1.260m
4.1.1.2 Downstream data
Substituting the value o(Fl)0 and that of (hl)oabove in (2.12b) yields the first

approximation for(hz)o. Continuing the iterative process using this first approximation we
finally obtain the downstream depth for the original channel ngibgy (h2)0 =1.50Im.
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Applying this value withk =2,n=0.012 S, :$ in the expressions (2.13)-(2.18) we find

respectively (A,), = 450m?,(P,), = 6.708m,(R, ), = 0.67082m

(Q.), =12854m,(u, ), = 2.856m/s,(F,), = 0.74468

4.1.2 New channel
4.1.2.1 Upstream data

Here (h,), = 2.0m,k = 2,n = 0.012,S, = ﬁ Appropriate substitution of the above
data in the model (2.19)-(2.25) gives respectively

(A), =80m?,(R), =8944m (R), =0.89442m
(Q), =27.679m%,(u,),, =3459m/s,(F,), =0.78111
(h,), =2081m

4.1.2.2 Downstream data
Similar substitution of the value dﬂzl)N and that of(hl)N

approximation for(hz)N. After successive approximations we finally obtain the downstrea
depth for the channel given lﬁnz)N =2514m.
The parameters(Az)N,(PZ)N,(RZ)N(QZ)N,(UZ)N and (FZ)N for the new channel are
determined respectively by appropriately substituting the above data in(2.286). The result is
(A,), =1250m?,(P,), =11.180m,(R, ), =1.11803n,
(Q,), =50178m¥%,(u,), =4.014m/s,(F,), =0.80827

Furthermore, the energy loss, jump efficiency, relative enkrgy, power loss upstream and
downstream as well as height of the jump for the originahiwblaare determined respectively by
appropriate substitution of the above data in the model (3.6), (3.8)),(33112), (3.13) and
(3.16). Thus,

above in (2.12c) yields the first

° (E,),
E,),
(E,),
(F; ), = 264808, (H"), = 0.251m

Finally, the energy loss, jump efficiency, relative energys,logower loss upstream and
downstream as well as height of the jump for the new channeledeemined respectively via
appropriate substitution of the above data in the expressions(®@9),(3.11), (3.14), (3.15) and
(3.17). Thus, we obtain

(h, ) - 0002 B2 — 12165
|

=-02162(R’), =16287W,

" (E),
E,)
Ey
P’ ), =1833374W,(P; ), =3323646N

(h, ). =0.0067m, (B _ 12779
(

1- =-0.2779

—~
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4.2 Results

The new parameters) ¢ (ix) that are determined for the new channel are shown in Table
4.2 and can be compared with their counterparts for the originahehin Table 4.1 (see Tables

4.1 and 4.2 below)

Bed slope

Manning’s n

Side slope

Depth

Area of cross section
Wetted perimeter
Hydraulic mean depth
Discharge

Mean velocity
Froude number
Power loss

Critical depth
Energy loss

Jump efficiency
Relative energy loss
Height of jump

Bed slope

Manning’s n

Side slope

Depth

Area of cross section
Wetted perimeter
Hydraulic mean depth
Discharge

Mean velocity
Froude number
Power loss

Critical depth

Energy loss

Jump efficiency

(H"), =0514m

Table 4.1:Result for the original channel

Original Channel with Jump
Upstream Parameters Downstream Parameters

1 1
50C 50C
0.012 0.012
1 vertical to 2 horizontal 1 vertima horizontal
1.25m 1.501m
3.125m 4.50nt
5.590m 6.708m
0.55901m 0.67052m
7.906M 12.854nVs
2.529m/S 2.89g
0.72248 0.74468
162.871W 264.805W
1.260m
0.0021m
1.2162
-0.2162
0.251m

Table 4.2 Result for the new channel

New Channel with Jump
Upstream Parameters Downstream Parameters

1 1
50C 50C
0.012 0.012
1 vertical to 2 horizontal 1 vertimal horizontal
2.0m 2.514m
8.6m 12.50n%
8.944m 11.180m
0.89442m 1.11803m
27.679My 50.178nVs
3.459m/s 4.014m/s
0.78111 0.80827
1833.377W 3323.646W
2.081m
0.0067m
1.2779
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Relative energy loss -0.2779
Height of jump 0.514m

5.0 Discussion and conclusion

Tables 4.1 and 4.2 show respectively the results of the amaliyie flow problem for
the original and new (excavated) triangular channels. Comparigba two Tables indicates that
the downstream parameters, namely, the downstream depth, areassfsection, wetted
perimeter, hydraulic mean depth, discharge, mean velocity, Froude nambgower loss are
generally greater in the original and new channels than the aipstnees. This is in agreement
with the model (2.8b) (2.12)-(2.18) and (2.8c),(2.26)-(2.31) of the origirchin@w channels
respectively. In particular, these same parameters upstream andrdavwnate greater in the

new channel than their counterparts in the original one. Thisaseaident from the two Tables.
It should be noted that the mean velocity and the Froude number ardeexpede lower
downstream than their counterparts upstream in both the origidahew channels. However,
this is not the case for the triangular channel since, upliker channel sections, the triangular
channel section does not satisfy the condition for best hydraafiormance; that is, the
triangular channel is inefficient hydraulically. This peatty or feature of the triangular channel
also results in the negative value of the relative enlargg for both original and new channels.
Another feature is that the critical depth, energy loss, jeffigiency and height of the jump are
greater in the new channel than in the original one (see Tables 4.1 and 4.2).

Nevertheless, the triangular channel section is of considevahie in the analysis of
open channel flow because of its economic importance. For instabeepmes very clear from
the two Tables that the new channel maintains a higher Veairthan the original one. This
high water level in the new channel, apart from enhancing nastigaiin be harnessed for water
distribution purposes and for mixing of chemicals used for waterigatitin or waste water
treatment.
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