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Sample Question

Chapter 1 Open Channel Flow and It’s Classifications

1. What is open channel flow? Differentiate between open channel flow and pipe
flow. ' "

2. What are the types of open channel flow ?

3. What are the states of open channel flow ?
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Chapter 2 Energy and Momentum Principles.

1.* Water flows at a velocity of 3 ft/sec and a depth of 5 ft in a rectangular channel.
There is a smooth upward step 6 in. in the channel bed; find the depth of water over
the step and the change in the absolute level of water surface.

2.* Water is flowing at a velocity of 10ft/sec and a depth of 9.5 ft in a 12 ft wide
rectangular channel.
(1) Find the change in depth produced by a smooth to a width of 11 ft.
(2) Find the greatest allowable contraction in width for the upstream flow to be
possible as specified.
(3) There is a smooth upward step of 2 ft in a channel bed. What expansion in
width must simultaneously take place for the upstream flow to be possible as
specified?

3.* Water is flowing at a velocity of 8 ft/sec and a depth of 10 ft in a 12 ft wide
rectangular channel.

(1)Find the change in depth produced by a smooth contraction to a width of 10 ft.
(2)Find the greatest allowable contraction in width for the upstream flow to be
possible as specified.

(3)There is a smooth upward step of 2.75 ft in a channel bed and What expansion in
width must simultaneously take place for the upstream flow to be possible on
specified?

4.* Water is flowing at a velocity of 10 ft/sec and a depth of 10 ft in a channel of
rectangular section. Find the change in depth and in absolute water level produced by
(a) a smooth upward step of 1 ft; (b) the smooth downward step of 1 ft in the channel
bed. Also (c) Find the max: allowable size of upward step for the upstream flow to be
possible as specified.

5.* Water is flowing at a velocity of 12 ft/sec and a depth of 10 ft in a channel of
rectangular section. Find the change in depth & in absolute water level produced by
(a) a smooth upward step of 0.5 ft; (b) the smooth downward step of 1 ft in the
channel bed. Also (c) find the max: allowable size of upward step for the upstream
flow to be possible as specified.

6.* Water is flowing at a velocity of 9 ft/sec and a depth of 12 ft in a rectangular
channel of 10 ft wide. Find (1) the max: allowable size of smooth upward step for the
upstream flow to be possible as specified, (2) the greatest allowable smooth
contraction in width for the upstream flow to be possible an specified.

7.%* A horizontal rectangular channel of width 15 ft conveys 450 cusec. A sluice gate
is incorporated in the channel the gate is regulated until the depth of flow just
upstream is 10 ft. Assuming no losses of energy during the passage of water through
the gate, find the depth of flow downstream. If the local temporary rise in the bed of
the channel is created a short distance downstream of the gate, find the height of rise
which could be tolerated before the sluice becomes drown out.

A permanent rise is introduced and this extends for some distance
downstream, the depth of flow over the rise being 1.6 ft. Find the height of this



permanent rise above the original bed level. Further, if the hydraulic jurmnp is created,
in this reach, what would be the depth of water downstream of the jump ?

B.** Water is flowing at a velocity of 10 fi‘sec, a depth of 10 ft and a width of 10 fi in
a channel of rectangular section. Find the change in depth and in absolute water level
produced by {a) a smooth contraction to a width of 9 fi, (b) a smooth expansion in
width to 11 ft. Also {¢) find the greatest allowable contraction in width for the
upsiream flow to be possible as specified.

Q%% Water is flowing in a rectangular channel with a velocity of 10 fifsec, depth of 10
ft and a width of 10 ft. If there is a smooth upward step of 2 fi in the channel bed,
what expansion in width must simultaneously take place for the up-stream flow to be
possible as specified?

10.** Water is flowing in a rectangular channel with a velocity of 10 fi'sec, depth of
10 ft and a width of 10 ft. If the width of the channel is gradually expanded to 11 fi,
What height of the smooth upward step must simultanecusly take place for the
upstream flow to be possible as specified?

11.#** Water is flowing at a velocity of 15 fi'sec and depth of 3 ft in a & fi wide
channel of rectangular section. There is a smooth upward step of 1 ft in the channel
bed. What expansion in width must simultaneously take place for the upstream flow
to be possible as specified? There is a energy loss of (.25 ft uniformly distributed
through out the transition.

12.*** An open channel of constant width has its floor raised 0.15 ft at a given
section. If the depth of the approaching flow is 1.5 fi, caleulate the raie of flow
indicated by (a) a 0.25 ft drop in water surface elevation over the raised bottom; (b)
.25 ft rise in water surface elevation owver the raised bottom. Caleulated the critical
depth .in each case & plot it relative to the water surface profile.

13.*** An open channel of constant width has its floor raised 0.36 ft at a given
section. If the depth of the approaching floor is 4.8 f, calculate the rate of flow per
unit width indicated by a 0.44 fi drop in the water surface elevation over the raised
bottom. Meglect losses at the sudden change of section.

14.*** A reciangular channel 10 ft wide is narrowed down to 8 ft by a contraction 50
fi long."built of straight walls and a of floor. It the discharge is 100 cusec and the
depth of floor is 5 ft on the upstream side of the transition section, determine the flow-
surface profile in the contrsction (a) allowing oo, gradual hydraulic drop in the
contraction & (b) allowing a gradual hvdraulic drop having its points of inflection at
the mid-section of the contraction. The friction loss through the contraction is
negligible. '

10.* A horizontal rect: channel of wadth 20 fi conveys 600 cusec, A sluice gate
incorporated in the gate 15 regulated until the depth of flow just upstream is 10 fL
Assuming no losses of energy during the passapge of water through the gate, find the
depth of flow down-stream. Further, if the hydraulic jump is created a short distance
downstream. what would be the depth, the head loss and the hop dissipated in the

Jump?



Chapter 3 Development of Uniform Flow and Its Formulas.

1.* A channel has a vertical walls 1.2 m apart and a semicircular invert. If the center-
line depth is 0.9 m and the bed slope is 0.0004. What would be the value of C in the
Chezy formula if the discharge is 0.55 m*/ s?

2.* An open channel is V-shaped, each side being inclined at 45° to the vertical. If the
rate of flow Q is 0.0425 m’/sec, when the depth of water at the center is 0.225 m.

Calculate the slope of the channel using Chezy formula, assuming that C is 49 in S.I
unit.

3.* An open channel has a U-shaped cross-section, semi-circular at the bottom with
vertical sides. If the channel is 4 ft wide, calculate the depth of the channel when the
flow is 25 cusec and the bed slope is 1:2500. Assume C in Chezy formula is 96.

4.* In a channel of rectangular cross-section with slope of lin 1000, the discharge is
to be 1.4m”’ /sec, when the channel, whose depth is half its breadth, is running full.

5.* A circular pipe of Im radius in laid at an inclination of 5° with horizontal.
Calculate the discharge through the pipe, if the depth of water in the pipe is 0.75 m."
Take C=65.

6.* A circular channel conveys 3.25 m’ / sec of water, when 3/4 of the vertical dia: is
immersed. The slope of the channel is 0.2 meter per kilometre. Determine the
diameter of the channel, using Manning's n=0.012.

7.* An open channel of trapezoidal cross-section cut in earth has a bottom width of
6m, sides slopes 2 horizontal to 1 vertical, and bed slope 1 in 1000. Determine the
mean velocity V, and the discharge for uniform flow when the depth of water at the
center is 2.4 in. Manning's n = 0.025. Also find the corresponding value of C in the
Chezy formula.

8.* A water channel is V-shaped with each side making an angle of 45° to the vertical.
Calculate the volume of water passing per second when the depth of water in the
channel is 0.25 m and the slope of the channel is 1 in 500. Take the coefficient C in
the Chezy formula as 56 SI units. What would be the depth of water in the channel to
pass twice this volume per second if the slope and value of C are unaltered?

9.* A cement-lined rectangular channel 6 m side carries water at a rate of 10 m’ /s.
Assuming Manning's n = 0.12. Calculate (1) Slope required to maintain a depth of
1.5 m and (2) slope required to maintain a depth of 0.75 m.



14.** A rectangular channel which is laid on a bottom slope of 0.0064 is to carry 20
m® / s of water. Determine the width of the channel when the flow is in critical
condition. Take Manning's n= 0.015.

15.** A trapezoidal channel having bottom width 5m and side slopes 1:1 carries a
discharge of 12m’ / sec. Compute the critical depth & eritical velocity. If Manning's n
= 0.02 determ’..e the bottom slope required to maintain the critical depth.

16.** A rectangular open channel 18 ft wide& 4 ft deep has a slope of 0.001 and is
lined with rubble masonry ( Manning's n=0.017 ). We wish to increase the amount
of water discharge as much as possible without changing the channel slope or the
rectangular form of the section. The dimensions of the section may be changed but the
amount of excavation is unchanged.

Determine

(1) the discharge of the original channel,

(2) new dimensions of the channel to give the max: discharge,

(3) the ratio of the new discharge to the original discharge. What is the new
discharge?

17.%* A trapezoidal channel has a bottom width of 20ft, side slopes of 2: 1, and n =
0.02s.
(a) Determine the normal slope of a normal depth of 3.36 ft when the
discharge is 400 cusec.
(b) Determine the critical slope and corresponding normal depth when the
discharge is 400 cusec.
Tc) Determine the critical slope at a normal depth of 3.36 ft, and compute the
corresponding discharge.

18.*#* A rectangular channel 20 ft wide has a roughness coefficient n=0.015.
-(a) Determine the normal slope at a normal depth of 1.23 ft when the
 discharge is 200 cusec.
(b) Determine the critical slope & corresponding normal depth when the
discharge is 200 cusec.,
(¢) Determine the critical slope at the normal depth of 1.23 ft & compute the
corresponding discharge.



llj?.** Show that the theoretical discharge of the open channel flow may be expressed
¥

Q:AZ\/ZE.] .ﬁx—hrl
- (A2l Ay )

_whcrc Ay & Aj are two cross-sectional areas of the flow at section (1) & (2)
respectively, and Ay is the drop in water surface between two-sections.

20,"_‘* vac‘the folilowing equation for a discharge in a triangular higﬁway gutter
having one side vertical and the other side slope at z : 1 ( SI units)

Q = 03}:6 f(Z] y2;3 Slﬂ

5/3
WhEI‘Ef(Z)z []+I+Zz]2‘rj

. Compute the discharge if Z = 12; Manning's n = 0.015 ; y =0.1 m and S =
.03 .

23.%** A circular sewer of 60 cm inside dia: has a slope of 1 in 400. Find the depth
when the discharge is 0.283 m’/s, taking C in Chezy formula as 50.

24.*** 3 ft dia. conduit, 12000 ft long is laid at a uniform slope of 1 in 1500 and
connects two reservoir. When the levels in the reservoirs are low the conduit runs
partly full and it is found that a normal depth of 2 ft gives a rate of flow of 11.5 ft* /
sec. The Chezy coeff: C is given by K R"®, where K is constant and R is the hydraulic
radius. Neglect losses of head at the entry and exist, obtain (a) the value of K; (b) the
discharge when the conduit is running full and the difference, in levels between the
two reservoirs is 15 ft.

25.%%* Determine the radius of an open channel of semi-circular cross-section which
is required to convey water with a flow of 280 litres / sec. The slope of the channel is
1 in 2500. Take C = 56 in the Chezy formula. If the channel 4s rectangular in
form, but of the same total width and depth, what would be the flow with the same
value of C and the same slope?
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Chapter 4 Design of Channels for Uniform Flow.

1.*¥ A trapezoidal channel carrying 400 cfs is built with non-erodible bed having a
slope of 0.0016 & n=0.015. Proportion the section dimension.

2.**A channel which is to carry 350 ft'/s through moderately rolling topography an a
slope of 0.0016 is to be excavated in course alluvium with 25% of the particles being
3cm (1.18 in) or more in diameter. The material, which will compose the perimeter of
this channel, can be described as being moderately rounded. Assuming that the
channel is to be unlined & of trapezoidal section, find suitable values of b & z (n=
0.025).

3.**Compute the bottom width and the depth of flow of a trapezoidal channel laid on
a slope of 0.0016 and carrying a design discharge of 400 cfs. The ¢hannel is to be
excavated in earth containing non colloidal coarse gravels and pebbles. n = 0.025

(use maximum permissible velocity method)

11.* Design an economical earthen trapezoidal channel with velocity of 1 m/s and to
discharge 3 m® /s having side slope 1 in 2. Take C = 55.

12.* A brick lined trapezoidal channel has side slopes of 1: 1.5. It is required to carry
15 m /s of water. If the average velocity of flow is not to exceed 1 m/s. Find.

(a ) the wetted perimeter for min: amount of lining ;

(b ) bed slope assuming Manning’s n=0.015

13.* A circular channel of 1.8 m diameter is laid at a slope of 0.001. Find (a ) tHc
max: discharge through the channel, if Chezy’s C= 55. Find (b) the max: discharge, if
Manning’s n=0.016

26.#** The water supply for a turbine passes through a conduit, which for
convenience has its X* section in the form of square with one diagonal vertical.

If the conduit is required to convey 8.4 m’/s , under condition of max
discharge, atmospheric press. when the slope S is 1 in 4900, determine its size ,
assuming that the velocity of flow is given by V=80 R Wgn

28.%** A special sewer consists of a semicircular top and bottom of radius r jointed

by parallel vertical sides of length r so that the overall height is 3r.
(a) If that for maximum flow of a given X's sectional area, the angle subtended by the

watcr surface at the center of the curvature of the upper semi-circle is approximately
64°,

(b) If the water now rises until it reaches the top of the sewer, find the percentage
decrease in flow. Take Chezy coefficient = KR ' .

29 *** Compare the discharge at max: velocity with that when the channel is
running full, assuming that the Chezy coefficient is unaltered, and that the pressure

remains atmospheric.



Chapter 5 Theoretical Concepts of Boundary Layer, Surface Roughness,
Velocity Distribution, and Instability of Uniform Flow.

1.* A concrete overflow spillway of indefinite length has a surface slope angle 6 =
53° 8" and a roughness such that K = 0.005 ft when the discharge is 360 cfs per foot

of spillway width, compute the length of the boundary layer development, the profile
of the boundary layer, and the water surface.
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Chapter 6 Gradually Varied Flow. 10

1.* An open rectangular channel 6 m. Wide conveys 100 m’/s of water. The channel
bottom slope is 0.003 for the first stretch and then there is a sudden break and the
slope becomes 0.01. Determine the normal depth of flow in the first and second
stretches respectively and also the critical depth. Draw the sketch of the water surface
profile in the transition. Manning's n = 0.015

2.* A trapezoidal chanrel having b =20 ft, z= 2, So=0.0016 and n = 0.025 carries a
discharge of 400 cfs compute the backwater profile created by a dam which back up
the water to a depth of 5 fi immediately behind the dam. The upstream end of the
profile is assumed at a depth equal to 1% greater than the normal depth. Compute the
flow profile by using direct step method. The energy coefficient o =1.10
3.* A trapezoidal channel having b =20 ft,z=2, S¢ = 0.0016 and n = 0.025 carries a
discharge of 400 cfs compute the backwater profile created by a dam which back up
the water to a depth of 5 ft immediately behind the dam. The upstream end of the
- profile is assumed at a depth equal to 1% greater than the normal depth. Compute the -
flow profile by using standard step method. The energy coefficient o =1.10

4.* Water flows from under a sluice into a trapezoidal channel having b=201ft, z=2,

So =0.0036, o = 1.10, and n = 0.025. The sluice gate is regulated to discharge 400

cfs with a depth equal to 0.55 ft at the vena contracta. Compute the flow profile. If a

hydraulic jump occurs at a downstream end, starting with a depth of 1.6 ft, determine
“the distance from the vena contracta to ‘the foot of the jump by using direct step
- method

5.* Water flows from under a sluice into a trapezoidal channel having b =20 ft, z= 2,
So=0.0036, o = 1.10, and n = 0.025. The sluice gate is regulated to discharge 400
cfs with a depth equal to 0.55 ft at the vena contracta. Compute the flow profile. If a
hydraulic jump occurs at a downstream end, starting with a depth of 1.6 ft, determine
- the distance fr~n the vena contracta to the foot of the jump by using standard step -
method

6.** A wide rectangular channel with n = 0.025 is laid with change in slope from 0.09
t00.002. The depth of uniform flow in the mild channel is 2 m. Determine the location
of the jump. Use direct Step Method.

7.%* A wide rectangular channel with n = 0.025 is laid with change in slope from 0.01
t00.002. The depth of uniform flow in the mild channel is 2 m. Determine the location
of the jump. Use direct Step Method.

8** Examine the flow conditions in a 10 ft wide open rectangular channel of rubble
masonry with n = 0.017 when the flow rate is 400 cusecs. The channel slope is 0.02,
and an ogee weir 5 ft high with Cyw = 3.8 is located at the downstream end of the

channel.
Q=CwL (h+ V., 2g)*
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9.** A longitudinal section of a wide river shows a rough length followed by a long
relatively smooth reach of the same slope S, . The ratio of the corresponding

coefficient is 1:2+/2 . The slope joins a wide horizontal apron. The normal depth of
flow on the rough section is 8 ft , for q = 83 ft*/sec . If the normal depth y, in the
horizontal section is 10 ft, and the Frode No. (vz/gyn) is 3/8 , locate the toe of the
hydraulic jump which forms on the horizontal apron. Sketch the water surface profile
showing the 3 sections of the river. Neglect side effects & take the Chezy coefficient
for the horizontal apron as 83 ft'” /sec .

10.** Water flows under a sluice into a rect: channel of large width. The channel is
laid with bottom slope So = 0.001. The sluice is regulated to discharge 6 m®/s per
metre width of channel, the depth at vena contrata being 0.5 m. Determine the
position of hydraulic jump. Take mean value of Chezy coefficient C = 60 m'%/s.

11.** A rectangular flume 1.2 m wide, carries a subcritical flow"0.24 m’/s. An
adjustable sluice gate spans the flume. The opening is so adjusted that the depth of
water just after the sluice is 10 cm. Show that the hydraulic jump can be expected
downstream of the sluice. If the depth just before the jumpis 11 cm, find the height of
the jump & the total power lost at the jump. Manning's n = 0.015. Using step method
locate the position of the jump.

12.** The triangular channel shown in the figure has an invert slope increasing in the
direction of flow with dist: x as follows: -

Dist x (ft) 100 400 700 1000

Invert slope So 0.0032 0.0037 0.0041 0.0047

Determine the location of the critical depth control point in this reach, when the
discharge Q is 500 cusecs. Take n = 0.016.

13.*** The spillway of a dam discharges 300 ft*/sec per ft width on to a horizontal
stilling apron. The depth of higher velocity flow at the entry point to the apron is 2 ft.
Both apron & sills are sufficiently long to permit establishment of normal conditions.
The sill is followed by a 1: 10 sloping wide channel. (1) Calculate the height of the
hydraulic jump and the height Z, of the sill necessary for its stabilization at the
location shown. Neglect energy dissipation in flow over the sill. (2) ‘Calculate the
normal depth of flow in downstream channel. (Manning's n= 0.015). (3) Sketch the
surface profile at the various sections.

14.*** In a rectangular channel the side walls converge so that the width
decreases from 6m to 5.7 m in a distance of 60 m is dT/dx = -0.005. The invert slope
increase with dist: x, as follows.

X.(m) 0 10 20 30 40 50 60

So 0.001 0.002 0.003 0.004 0.005 0.006 0.007

Determine the approximate location of a critical depth control point in the length of
channel for a discharge of 40 m’/s. Manning's n = 0.015.
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Chapter 7 Flow over Spillways }
1.* Determine the crest elevation and the shape of an overflow spillway section
having a vertical upstream face, and a crest length of 250ft. The design discharge is
75,000 cfs. The upstream water surface at design discharge is at EL. 1000 and the
overage channel floor is at EL 880.0.

2.* Determine the crest elevation and the shape of an overflow spillway section
having a vertical upstream face, and a crest length of 250ft. The design discharge is
75,000 cfs. The upstream water-surface at design discharge is at EL. 975 and the
overage channel floor is at EL 880.0

3.* Determine the crest elevation and the shape of an overflow spillway section if the
upstream face has a slope 3 on 2, and a crest length of 250ft. The design discharge is
75,000 cfs. The upstream water surface at design discharge is at Els. 1000 and the
overage channel floor is at EL 880.0.
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Chapter 8 Hydraulic Jump and Its Use as Energy Dissipater.

1.* Proportion a USBR stilling basin II for the overflow spillway designed in
problem. The tail water elevation is at EL 920.0.
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Worked out Example

1.(3-7)* A brick lined trapezoidal channel has side slopes of 1: 1.5. It is required to
carry 15 m %/ s of water. If the average velocity of flow is not to exceed 1 m/s. Find.

(a ) the wetted perimeter for min: amount of lining ;

(b ) bed slope assuming Manning’s n=0.015
Solution

Best hydraulic trapezoidal channel section

b+22zy = y /1+Zz
b+2x 1.5y =2%/1+1.5

b = 0.6y
Q =AV
- Q _ 15
A v ]
A =15 m?
Again,
A =(b+zy) y
15 =(0.6y+15y)y
y =2.67Tm

b=0.6y=1.602m
P=b+2y"/ 1+ z?
=1.602+2x267 J1+1.5°

=1123m

R - =1335m



10F_
Q _ _%_ AR} g, 1”2
R W o 12
15 S (15) (1339 S,
So = 0.00015

2.( 3-7) (4-7) * A trapezoidal channel carrying 400 cfs is built with non-erodible bed
having a slope of 0.0016 & n = 0.015. Proportion the section dimension.

Solution

Using Manning formula,
1.49

Q = T AR2/3 SO &
1.49
400 =555 AR™ (00016)'7
- 0.015 x 400
AR 1.49 (0.0016)"”
AR?? 100.7 -----mmmmmme (D

Assume b=20", z =2
A =Q0+2y)y
P =20+ 2y \ 1422 =20+2 5y

Equation (1) becomes,

(20 +2y) y ]”
20+ 2 :l = 100.7
[( y)y 20+2y/ 5

by trial & error

y=2.52ft
Check minimum velocity
A =(20+2x2.52)x2.52 =62.5 ft’
Q =AV
v =300 _6afys >2~3 fils

62.5
This velocity should prevent both sedimentation & vegetative growth.
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T =b+2zy

=20+2x 2x2.52

=30.08 ft

_ A _ 625 _
D T 30,08 2.08 ft

\ 6.4

Fr = e T e =0.78 <1

JgD /322x2.08

Subcritical

height of canal bank above water surface  =2.75 ft
height of lining above water surface =1.1 ft
3.(2-7) ** Water is flowing in a rectangular channel with a velocity of 10 ft/sec, depth
of 10 ft and a width of 10 ft. If there is a smooth upward step of 2 ft in the channel

bed, what expansion in width must simultaneously take place for the up-stream flow
to be possible as specified?

Solution
LV R (U

E; = E; + AZ + losses
E,=E; -AZ=11.56 -2= 9.56 ft

For the upstream flow to be possible as specified.
E2 = Ec (OI‘) Emjn

E.=9.56 ft



109~
For rectangular channel,

yo = —2_E, X 9.56 =6.37 ft

3
V. =_/gyc =-/322x6.37 =14.32fi/s

I
uara

Q = biyiVi  =bcycVe
10x10x 10 B
b T earxiaszz 10T

The minimum expansion required is 10.96 - 10 =0.96 ft

4. (2-7) ( 3-7 )** A rectangular channel which is laid on a bottom slope of 0.0064 is
to carry 20 m® / s of water. Determine the width of the channel when the flow is in
critical condition. Take Manning's n= 0.015.

Solution

If the flow is in critical correlation, y =y;

- Q _ 20 2
q 5 b m°/s

173
2
=3l % = [i%%/;l] = 3.44 b*m

A=by,=bx344b>"° = 344 b m?

P=b+2y,=b+2x344b*=b+6.88b*"m

Re A _ _344b°
7 b+688b20 ™

Using Manning Formula

Q= e AR?3S, 12

_ 1 113 43 12
20= —— (3.44b —344b°" | (0.0064
0.015 ( ) [ b+6.88 b>? ( )

b=239m
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5.(2-7) (3-7) (6-8 )** A wide rectangular channel with n = 0.025 is laid with
change in slope from 0.09 t00.002. The depth of uniform flow in the mild channel is 2
m. Determine the location of the jump. Use direct Step Method.

Solution
For wide channel,

1
q - = B s
_ 1 513 12
= o @7 (©.002)
= 5.68 m?/s
Let y2 = ym2
R q (5.68)%
FI‘2 = —'2— = 3 = 0411
gy 9.81 (2)

oo [i8mZ 1
% 1/2[ 1+8Fr2-1:|
i 2 [/1+8x0.411—1:| = 1.07m

2
For the first stretch,

q — 568 — - (ynl)5/3 (0.04)1/2

yn=0.6384m <y,

Hydraulic jump will form in mild channel.



M;
Y2
Y1 q.
0.002 2
= 0.6384 v,= 258 B L
V2
_ 568 _ 1
y2 =1.07Tm — V;= 0.6384 - Ey=y,+ _2.}_,_
Se  =0.002
S =0.016
Sp  =0.09
S =0.053
E,—E 2.506 - 4.6731
Ax = 2L = = 4249m
Se—Ss 0.002 — 0.053

=4.6731 m

= 2.506 m
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6. 2-7) (3-7) (6-8)** The triangular channel shown in the figure has an invert slope
increasing in the direction of flow with dist: x as follows: -

Dist x (ft) 100 400 700 1000

Invert slope So 0.0032 0.0037 0.0041 0.0047
Determine the location of the critical depth control point in this reach, when the
discharge Q is 500 cusecs. Take n=0.016.

Solution
A =zy2=y2
P =2/2 vy
R Y
2/2
T =2y
A y
D =7 =7
For F, = 0
QT
3 =1
gA
Q@ x2y. _,
2.3
g@y)
5 2Q?
Yo =
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1/5

2Q° " 2 x 5007
X
Ve —[ 2 ] = [—————32'2 ] = 6.89ft

A=(6.897 = 474721 f

R = _Z-/_f% = 2.436 ft
Q _ %? ARY? SZZ
500 = &%96— (47.47) [2436]° S},
Se  =0.0039

The value of So — S¢ will change from -ive value to +ive value when the slope
S, changes from 0.0037 to 0.0041.

The critical depth control point will be located at a dist: of x =400 ft.

7.(6-8)** Determine the crest elevation and shape of an overflow spillway section
having a vertical upstream face and a crest length of 250 ft. The design discharge is
75,000 cfs. The upstream water surface at design discharge is at EL 1000.00 and the
average channel floor is at EL 880.00

Assuming a high overflow spillway,

Cq =4.03

Q =C4LH"

75000 =4.03 x 2500 x H>"?



114 -
H =17.8 ft .
. Q _ 75000 B
Voo = A T 350x120 T 201
V2
—2 =
o 0.1 ft
Thus
Hg=178-0.1=17.7 ft
height of dam is h=120-17.7=102.3 ft > 1.33 Hy
The effect of approach velocity is negligible.
Crest elevation is 1000.00 — 17.0 = 9823 ft
For upstream vertical face K =2.0, n=1.85
x"=KH"' y
X' =2%177"y
_ o xP
YT 3
dy 1 _ L 0.85
& T 08 - 23 x185x
X = 2522 ft
X 0 1 2 3 4 5 6 7 8 9 10
0 0.043 | 0.157 | 0.332 | 0.565 | 0.854 | 1.196 | 1.591 | 2.037 | 2.533 | 3.078
12 14 16 18 20 22 24 25
4.313 5.736 7.343 9.131 11.096 13.24 15.55 17.04
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8. 3-7) (4-7)*** A channel which is to carry 350 ft’/s through moderately rolling
topography an a slope of 0.0016 is to be excavated in course alluvium with 25% of the
particles being 3cm (1.18 in) or more in diameter. The material, which will compose
the perimeter of this channel, can be described as being moderately rounded.
Assuming that the channel is to be unlined & of trapezoidal section, find suitable

valuesof b & z (n=0.025).

Solution

For d75 = 1.18 in & moderately rounded, from figure

Assume %— =4, z=2

From figure
maximum tractive force on side 1= a0y Sy

=0.75x62.4xyx0.0016

=0.0748y b/ ft

1
tan ¢ = 5~

¢ =tan (%)=26.6°

o [ sife  _ \/1_ Sin’ (26.6) _ ¢
Sin’ 6 Sin® (34°)

permissible 1, =0.4dz;s=0.4x 1.18=0.47 Ib/ ft’

for moderately rolling topography, Cs=0.75
corrected permissible 1, = 0.75x0.47=0.35 1b/ ft?

corrected permissible Tg = k x corrected permissible T
=0.6x0.35
=021 Ib/ft

For equilibrium,

0.0748 y =0.21
y =2.80ft
b =4x2804 = 11.216 ft

A=(b+zy)y =(11216 + 2 x 2.804) 2.804

=47.17 ft*
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16 -

P =11216 +2x2.804/ 1+ 22
=23.756 ft
2/3
149 4717 v 12
Q ——-——0'025)(47.17 [23'756} (0.0016)

=177.69 f£/s < Qp = 350 ft*/s

not O.K

Re assume b =10, z=2
y

maximum tractive force on side s =0.78 ® y S,
=(.78% 62.4 x y x 0.0016

=0.0779y Ib/ft®
For equilibrium,
0.0779 y =0.21
y =2.696 ft
b =10x 2.696 = 29.696 ft

A=(b+2zy)y =(29.696 + 2 x 2.696)2.696

=87.22 ft*
P =2.696+2x 2.696J1+2%
=39.02 fi
2/3
_ 149 87.22 112
Q = 0035 87.22 [39.02 ] (0.0016)

=135559 f£/s ~ Qp = 350ft*/s

Check minimum velocity

Q =AV
_ 350 _ -
Vo= g, = 4013t > 23 fus

This velocity should prevent both sedimentation & vegetative growth.
T =b+2zy
=26.96+2x 2x2.696
=37.74 ft
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1%~

- A 87.22
D = £ -
T

3774 231 ft

Fr V.o 4013

vgD  /322x231

=0.485 <1

Subcritical

Estimate freeboard

F=/Cy = f.6x2.696 = 2.01 ft

I
1A

|< 26.96' >|

9.(2-7)*** An open channel of constant width has its floor raised 0.15 ft at a given
section. If the depth of the approaching flow is 1.5 ft, calculate the rate of flow
indicated by (a) a 0.25 ft drop in water surface elevation over the raised bottom; (b)
0.25 ft rise in water surface elevation over the raised bottom. Calculated the critical
depth .in each case

Solution

(a) E, =E, + AZ + losses

+ V'z = + V; + AZ
WE TRy T Ty
& V2
NG + 2___.g = (y1 _Ay_AZ)+ + AZ
vl V]
e =AY e (1)
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MB o
Using Continuity Equation,
Q=by1Vi = by,V>
_nVa
V2 /)
1.5
V2 = 15-025-0.15)
oomar Y
Eqn (1) becomes
1.5
-21; [Tf Vi - Vf] = 025
2
vV 2
7{;1— [Gli] . 1] = 0.25
V, =432 fus
q=Viy1 = 432x1.5 =649 ft’/s
> 1/3
2
LS [ R

)  Ay=025ft(T),q=2y2=?

E,=E, +A Z + losses

+ Vil Ay - AZ) + Vs +AZ
¥ 7a = (y1-Ay-A7Z) 20
v Vi
—_—t e e = AV mememmraeee 2
e 2 y (2)
v, _ M|
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. 19 _
Vi = 157025-015
Vi = Vi

Eqn (2) becomes

2 |:V1- T ) Vi 0.25
Vi =11.53ft/s

q=Viy1=11.53x 1.5=17.3 ft*/s

173
2
/q (17.3)°
yc = g = [:322 ] = 2.1 ft

10.(2-7)*** A 20 ft wide horizontal stream flows over a short stretch of stones. The
flow upstream of the rough stretch is 3 ft deep and has a speed of 5 ft /sec. If the
stones are estimated to experience a drag of 1000 1b-f, determine the depth and speed
of the stream down stream of the rough stretch. Calculate the critical depth. Is the flow

fast or slow ?

Solution

Discharge per unit width q=5x 3 =15 ft%/s

173

2 2
Y, =3+ - [3—2252—] = 191 ft

initial depth y1 >y, = V| <V,

The flow is initially slow.

When flow over the stretch of stones
by Newton 2™ Law

PQ(V2-Vi) =pg(Aiyi-Ay;)-P
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120~
2 2
_ b(yl ¥a p .
peo(—— - = )-P - (1)
Q = by,;Vi =byV;

V2  =Viyi/y
300 |V, y%vlj —10pg(5 -y5) -1000

3
3ooov.l:"yj -:|=1000 pg (3% -2 )- 1000

pg =624 1b/ft,and p= 194 Sling/ ft”
3 2
2900 (-~ -1) = 4616 - 624 v,

y 12y +140 =0

Y2 =2.6 ft
v, = 2 =577 s > 5t
2 2.6 ’ S S

The flow is faster than the u/s flow, but still less than the critical fun.





