15.3 P« Two channels have the same cross-sectional area,
but different geometry, as shown.

a. Which channel has the largest wetted perimeter?

b. Which channel has more contact between water and channelwall?
c. Which channel will have more energy loss to friction?
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15.3: PROBLEM DEFINITION

Situation:

Two channels have the same cross-sectional area, but different geometry, as shown
for Problem 15.4.

Find:

a. Which channel has the largest wetted perimeter?

b. Which channel has more contact between water and channel-wall?
c. Which channel will have more energy loss to friction?

| SOLUTION
a. Compare wetted perimeters

Py=15-2+3=6m - Py =215-3=645m -
Conclusion: |Channel B has largest wetted perimeter

b. ‘Channel B has the most contact between water and channel-wall. | This corre-

sponds to 1ts

having the largest wetted perimeter.

c¢. |Channel B will have the most energy loss to friction

, because it has the largest

wetted perimeter. This assumes that the two channels are of the same roughness.



15.12 Water flows at a depth of 2m in the trapezoidal, concrete-
lined channel shown. If the channel slope is  30cmin6oom ., what
1s the average velocity and what is the discharge?

m

PROBLEM 15.12




| 15.12: PROBELEM DEFINITION

Situation:
Trapezoidal, concrete-lined channel - figure in the problem statement

Depth = 2 m
5 =0.3 min 600 m

Find:
Average velocity (m /s).
Discharge (m* /s).

Assumptions:
k,=9%x10"m or n=0015
v =131 x10"" m*/s

PLAN

1. Use Darcy-Weisbach equation to solve for €).
2. Alternate Solution: use Manning equation.

SOLUTION

1. Darcy-Weisbach equation

A 14 m2
By=—= =1174 m
I 11.94 m
2. Manning equation
V= 1.00 H‘_’l.-':isll.-”_’
n
1.0 s 03V
= 1.174)*3 [ —
oo 1T (GD{])
V' =1.66 m/s

Q = 166(14))
3/

(;j =232m"/s




15.13 What will be the depth of flow in a trapezoidal concrete-
lined channel that has a water discharge of 3om’s 7 The chan-
nel has a slope of 30cmin1som The bottom width of the channel
is 3m and the side slopes are 1 vertical to | horizontal.



| 15.13: PROBLEM DEFINITION

Situation:
Trapezoidal, concrete-lined channel
() =30m?/s
Slope 15 0.3 m in 150 m
Bottom width = 3 m, and side slopes are 1:1

Find:
Depth of flow (m).

Assumptions:
n=0.012

PLAEI

Use Manning’s equation (SI units).

SOLUTION |

Flow area

A — (3n1+(3;1n+2d::')d

= 3d+d
Wetted perimeter

Pow = 3m+2x 242
= 3+ 22

Hydraulic radius

Ae
"I}WL'I.

3d + d?
3+ 2/2d

R, =

Manning’s equation (traditional units)

1.00 o
Q = ARIP/S,

TE

1.00 3d+d? \* 03
30 = —t x (3d+d?) x [—— m

0.012 3+2v2d) V150m

Solve this equation (use a computer program such as MathCAD) to give d = 1. 692m.



15.21 Water flows at a depth of 10cm with a velocity of  10m/s
in a rectangular channel. Is the flow subcritical or supercritical?
What is the alternate depth?



[15.21: PROBLEM DEFINITION

Situation:
Water flows through a rectangular channel.
V=10m /s, y = 10cm.
Find:
(a) Determine if the flow 1s suberitical or supercritical.
(b) Calculate the alternate depth (m).

PLAE'

Check the Froude number, then apply the specific energy equation to calculate the
alternative depth.

mjLUImjx|

Fronde number

Fro= V/Jgy
= 10+/9.81 x 0.1
Fr = 10.09

The Froude number is greater than 1 so the flow is [ supercritical |.
Specific Energy Equation

E = y+ V32
E = 014+10%/(2x 9.81)
F = 52m

Let the alternate depth = y,, then

V.

E = pt+=-
Y2 2
0)*
= Bt 29 (y2 “B)? B — arbitrary width
VEB%y? VE yi 1
*l2gy3B2 T 7P 29y 7P 2993
52=y,+ You just have to solve this third

2
292 order polynomial equation

y, =5.2m



15.30 A rectangular channel 1s 6 m wide, and the discharge of wa-
ter in it is 18 m’/s. Plot depth versus specific energy for these
conditions. Let specific energy range fromE_; to £ = 7m. What
are the alternate and sequent depths to the 30 cm depth?



[15.30: PROBLEM DEFINITION

Situation:

Water flows in a rectangular channel-additional details are provided in the problem
statement.
Find:

la) Plot depth versus specific energy.

(b) Calculate the alternate depth (m).

(c) Calculate the sequent depth (m).

PLAN |

Apply the specific energy equation.

SOLUTION |

Specific Energy Equation for a rectangular channel.

E=y+4q"/(29y%)
For this problem

q=Q/B =18/6 =3 m?/s

E = y+3/(204%)
= y+ 0.4587/y°

The calculated F versus y 1s shown below

y(m) 025 03 04 05 06 07 08 09 10 11 14 20 40 7.0
E (m) 759 54 327 233 187 1.64 152 147 146 148 163 211 403 7.01



{a) The corresponding plot is
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b} The alternate depth to 4y =030 15 |y =538 m
( pth to y
(c) Sequent depth:
y: = (n/2)(/1+ BFE —1)
Fri = V/{on
= (3/0.3)/+/9.81 x 0.30
= h.B3

Hydraulic jump equation

y2 = (0.3/2)(V1+8x5.83% —1) =[2.33 m]



15.40 Assuming no energy loss, what 1s the maximum value of
Az that will permit the unit flow rate of 6 m*/s to pass over the
hump without increasing the upstream depth? Sketch carefully
the water-surface shape from section | to section 2. On the
sketch give values for Az, the depth, and the amount of rise or
fall in the water surface from section 1 to section 2.

PROBLEM 15.40



|15.4(}: PROBLEM DEFINITION

Situation:
Water flows over a gradual upstep, shown in figure.
Desired: Unit flowrate ¢ = 6m?/sec .
Upstream depth 3y = 3m
Find:
Maximum value of Az to permit a unit flow rate of 6 m* /s without increasing the
upstream depth (m).
Assumptions:
No energy loss.

SOLUTION

Critical depth equation

v = (¢'/9)"°
I{ﬁ.‘! l.f!'_} 81 ‘:IEI.HS-H
y- = 1542 m

where y, is depth allowed over the hump for the given conditions.
Specific Energy Equation

F, = FE»

Vi = g/jn=6/3=2m/s

Vo = gq/y2 =6/1.542 = 3.891 m/s

VE2g+um = Vi[29+uw+ Az
22/2g+3 = (3.8912/(2 x 9.81)) + 1.542 + Az
Az = 3204 -0.772 — 1.542
| Az = 0.80 m|
*rl’ll.ﬁl.'lm rE-IZ—],

{160 m



