Civil Engineering Hydraulics

Optimal Cross Section

|F YoU LEARNED T0 SPEAK LOJBAN,
YOUR CoMMUN)ICATION WOULP BE
COMPLETELY UNAMBIG|)0US AND LOGICAL..

YEAH, BUT IT WOULD ALL BE
WITH THE KIND OF PEQPLE
WHO LEARN LOJBAN.

£q

Lojban is a constructed, syntactically unambiguous human language based on
predicate logic. The name "Lojban" is a portmanteau of loj and ban, which are short

forms of logji (logic) and bangu (language), respectively.

From Chow (1959).
ME’MPH‘I‘S Wall Material n
n A. Artificially lined channels
. . Glass 0.010
Brass 0.011
Steel, smooth 0.012
Steel, painted 0.014
Steel, riveted 0.015
Cast iron 0.013
Concrete, finished 0.012
Concrete, unfinished 0.014
Wood, planed 0.012
Wood, unplaned 0.013
Clay tile 0.014
Brickwork 0.015
Asphalt 0.016
Corrugated metal 0.022
Rubble masonry 0.025
B. Excavated earth channels
Clean 0.022
Gravelly 0.025
Weedy 0.030
Stony, cobbles 0.035
C. Natural channels
Clean and straight 0.030
Sluggish with deep pools 0.040
Major rivers 0.035
Mountain streams 0.050
D. Floodplains
Pasture, farmland 0.035
Light brush 0.050
2 Heavy brush 0.075
Trees 0.150
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o Open-channel systems are usually
designed to transport a liquid to a location at
a lower elevation at a specified rate under
the influence of gravity at the lowest
possible cost.
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o Since no energy input is required, the cost
of an open-channel system consists
primarily of the initial construction cost,
which is proportional to the physical size of
the system.
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o Therefore, for a given channel length, the
perimeter of the channel is representative of
the system cost, and it should be kept to a
minimum in order to minimize the size and
thus the cost of the system.
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o Resistance to flow is due to wall shear
stress 1,, and the wall area, which is
equivalent to the wetted perimeter per unit
channel length.
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o Therefore, for a given flow cross-sectional
area A_, the smaller the wetted perimeter P,
the smaller the resistance force, and thus
the larger the average velocity and the flow
rate.
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o A hydraulically optimum cross section in
open-channel flow is one that provides
maximum conveyance or volume-carrying
capacity for a given flow area.
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o The optimum hydraulic cross section for an
open channel is the cross section with the
maximum hydraulic radius or equivalently,
the one with the minimum wetted perimeter
for a specific cross section.
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o If we start with the Manning Expression for
average velocity

10 Optimal Cross Section Monday, November 5, 2012




MEMPHIS

® o ¢ | Optimum Cross Section

o And multiply both sides of the expression to
get the volumetric flow rate

1 2 1
VA=—R}S?A=Q
n
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o And recognize that the hydraulic radius is
the ratio of the area to the wetted perimeter

2
11 A 1
—| £ s2A=
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o If we set the cross section area, the aspect
ratio of this area is defined as the ratio of
the depth to the channel width

2
10 AN 2
—| £ s2A=
(3] 5o
z 1 5
1(1) 23
—| — | S2A3 =
T
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o So we can look at how the flow for the cross
section changes as the aspect ratio of the

channel changes.
2

10 AN 1
—| 2| $2A=
n{ P Q
g15
1M 18 - 2
—| — | 8243 =
5 Q
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Flow Variation in Rectangular Channel

channel at 0.01
friction factor a

Volumetric Flow Rate (cubic meters per second)

42

1
Ratio of Depth to Bottom Width

15

15 Optimal Cross Section

7 and the Ma
t 0.012.

nning
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Flow Variation in Rectangular Channel

The maximum flow in this

rectangular channel occurs at
an aspect ratio of 0.5. This is
when the depth of the flow is
one-half of the channel width.

a6

Volumetric Flow Rate (cubic meters per second)

4.2

0.5 1 15

Ratio of Depth to Bottom Width
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o If we write the expression for the wetted
perimeter in terms of the depth and channel
width

P=2z+b
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o And we can write b in terms of the Area and
the depth

P=2z+b
A=bz
A

b=—
z
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o Substituting in to the perimeter expression
and differentiation with respect to z

P=22+é

Z
aw_, A
dz z°

19 Optimal Cross Section Monday, November 5, 2012

MEMPHIS

® o o1 Optimum Cross Section

o Setting the derivative equal to 0 and
replacing the area

A
0:2—?
0-2-1

Z
2-0

Z
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o Which is the same value we had from the
graph of the aspect ratio.
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o Each cross section shape will have a unique
function to describe the optimal channel
cross section dimensions
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o The cross sectional area, the downstream
slope, and the friction factor are given and
the channel geometry are given by this
expression for a rectangular channel.
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o Considering a trapezoidal channel with a
base width b and a side slope of 1:m
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o Rather than use the m in the expression, we
can consider the angle 0 that the sides
make with the horizontal

0= arctan[i]
m
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o Rewriting the expression for the wetted
perimeter in terms of 6

27

P=br sin(@)
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o Since we are dealing with a set Cross
Section area, the value for b can be
developed in terms of the area and z

[2b+2t2‘9]
A= an( ) z P:b+i

2 sin(@)
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o Solving the area expression for b

A:[b+®]z

A z 27
—=b+——F— —
V4 tan(e) P=b+ Siﬂ(@)
_Az
V4 tan(Q)
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o Substituting for b in the wetted perimeter
expression

P:A— z 27

Z tan(@) ’ sin(@)
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o We want P to be a minimum so we
differentiate with respect to z and set the
derivative equal to 0

P__A__ 12 4
dz 22 tan(@) sin(@)_
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o We can substitute back the expression for A

[b+ ‘ )z

ﬁ__ tan(@) ~ 1 .\ 2 o
dz z° tan(@) sin(G)_
MEMPHIS
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o Collecting terms

P .

z° - tan(e) ¥ sin(O) =0
b 1 1 2
Tz tan(6) - tan(6) * sin(6) =0
b2 2

z tan(e) sin(@)
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2 .2 _b
tan(@) sin(e) z
2cos(6) L2 _b

sin(e) sm(@) - z

2(1—003(9)) b

o Collecting terms

sin(e) z
bsin(e)

o 2(1 - cos(e))
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o Water is to be transported at a rate of 2 m3/s
in uniform flow in an open channel whose
surfaces are asphalt lined.

o The bottom slope is 0.001.

o Determine the dimensions of the best cross
section if the shape of the channel is (a)
rectangular and (b) trapezoidal with a 60
degree slope
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o Using the same logic as was developed in
these slides, derive what would be the optimal
value for 8 in a trapezoidal channel.
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o Water is flowing uniformly in a finished-
concrete channel of trapezoidal cross section
with a bottom width of 0.6 m, trapezoid angle
of 50°, and a slope angle of 0.4°. If the flow
depth is measured to be 0.45 m, determine
the flow rate of water through the channel.

I

y=045m

l N0 = 50°
)

36 Optimal Cross Section ~—b=06m — Monday, November 5, 2012

18



MEMPHIS

® o ¢ Homework 25-3

o Consider water flow through two identical
channels with square flow sections of 3 m by 3
m. Now the two channels are combined,
forming a 6-m-wide channel. The flow rate is
adjusted so that the flow depth remains
constant at 3 m. Determine the percent
increase in flow rate as a result of combining
the channels.

| |
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