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10.1 Water flows in a rectangular channel with a depth of 2 ft
and a flowrate of 160 ft*/s. The flow is critical. Determine the

channel width.

Fr W’%‘/}" =] sothat V=\gy =VGrz Az ) =8.02 fi/s

Alsa,

Q=AV=5byV or
160 85 = | (21) (8.02 £)
//eﬂce b=9.98ft

———re s

/0.2

10.2 The flowrate per unit width in a wide
channel is ¢ = 2.3 m?/s. Is the flow subcritical or
supercritical if the depth is (a) 0.2 m, (b) 0.8m,
or (¢) 2.5 m?

ST .V ¢ __%
V Y y SOHM” l‘/‘ W Y[?_)' 1?1_)’372'

or
2.3% 0734

ﬁ’mm% % where y~m
Yy, m Fr flow *ype

@& 02 |82 supercritical
b 0.8 1,03 | supercritical
© 2.5 |0J86 | svberitical

[0-1




10.3

10.3 A rectangular channel 3 m wide carries
10 m*/s at a depth of 2 m. Is the flow subcritical
or supercritical? For the same flowrate, what depth
will give critical flow?

3
- -8 __10%F _ o
Q /9V or v b)’ (3,”){2”’) /'6673
Ths, _V . L4672

oy e B

0.376 <1 The flow is .iga:{)cri fica/.

3
10% _

2 % 2
Y. __:_.(_g.)s, where §=%— = - 3.33*?‘ so that

3Im
)
_ (3.332)"\% _ ,
y"'( ‘9.9/%—) =Lora

Also,
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16.4 Consider waves made by dropping objects (one after
another from a fixed location) into a stream of depth y that is
moving with speed V as shown in Fig. P10.4 (see Video V9.1),
The circular wave crests that are produced travel with speed
¢ = (gy)"/* relative to the moving water. Thus, as the circular
- waves are washed downstream, their diameters increase and the
- center of each circle is fixed relative to the moving water. (a)

Show that if the flow is supercritical, lines tangent to the waves
generate a wedge of half-angle a/2 = arcsin(1/Fr), where E FIGURE P10.4
" Fr = V/(gy)"* is the Froude number. (b) Discuss what happens

to the wave pattern when the flow is subcritical, Fr < 1.

(@) In a time interval of t since the object hil the waler (and iniatiated
 the wave), Jhe center of The wave has beon swept downstream a
ditance V¢ and the wave has expanded 1o be a dictance ¥ from
ifs cenfer. This is shown in the Figore below. Note Fhat VE >ct
it V>c (ce Fr=>/)

~

- : : ct
Ths, {rom the figone | S‘/”%i =

Vi

= -—Z—W = —_—
v Fr

—
-—

£
4
or L =arcsin(1/Fr)

(b) T Fr<l the gbove resvlt gives sind > which ss i/;;/me/e.
For Fr<l the following wave pattern wovld resylf. Trhere is no
“Wedge * prodysed.

_ RN non-concentric
AR s T TN circvlar waves
/ id \ BNAVSTNNY
¢ ‘ { ( [ /\” 1
\\ L_'J ) \ \ \\ (\ // }/I
~ .V/t/ / \ \\ Y
~ - s
V{<C‘£ /'LP < - -
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10.5 Waves on the surface of a tank are observed to travel at a
speed of 2 m/s. How fast would these waves travel if (a) the tapk
were in an elevator accelerating downward at a rate of 4 m/s?,
(b) the tank accelerates horizontally at a rate 0f 9.81 m/s?, (c) the
tank were aboard the orbiting Space Shuttle? Explain.

Since ¢ =Ygy it follows that the tank depth ie
¢t | (Z%)z =0.408m

O T

Y= = Farm

q Q.BIY-E;_

(@) If the tank accelerates down with acceleration @, the effechive
acceleraﬁon of qr‘avffy Is ge# :9»4 =(9.81* 4)_3012 =5.8] 3_':72__

Thus, i

C= Vye”y = J(S.S | % ) (0.408m) = /.5‘/-3-

(b) If the tank accelerates horizontally w.[{h.
acceleration a, the effective zicce]erahon /s )?\
Gotp =\ g7+ a* = (281 +0.81% = 12.67 52 .
Thos, | ,
c= '[(13, 87%5)(0.408m) = 2,38 2

(C) Iﬂ Ol‘b/'f ﬁeff —’—_0 (We/?ﬁf/es'ﬁ) so C :=0__

10-4




10.6

10.6 In flowing from section (1) to section (2) along an
open channel, the water depth decreases by a factor of two and
the Froude number changes from a subcritical value of 0.5 to a

supercritical value of 3.0. Determine the channel width at @) if
it is 12 ft wide at (1). ‘

F,~,=V-—YL-= 0.5, or Vg3 = 2.0, 0
and 7]
Fry= —@-_’;fs.o where y,=0.5Y,

This, Y% =30, or Yy = V, /(310.5) (2)
0.5;); |

By equating Eq.(l)and(2): 2.0V, = V, /(3//o5)

or

Vo= 424,

However, &, =@, or by V. = by, Vu where b=channel widih
Tﬁysj with l),":/Z #H: 12 4

(124) y, (V) = b, (0.5Y,) (424V,) or bz"‘ 0.5 (%24) =56m6ﬁ‘

70,7

10.7

show that even though the waves several hundred

vards out from the shore are not parallel to the

beach, the waves often “break™ on the beach

nearly parallel to the shore as is indicated in Fig.

P10.7. Explain this behavior based on the wave
- speed ¢ = (gy)”2.

Observations at a shallow sandy beach

ﬂ?@@ Bea;:.h'
- FIGURE P10.7
Since € =7/§7 it follows that €, >&; becavse of the fact that Y2y -
Therefore, as the waves move, that portion in the deeper water
tends tocatch up” with that portion closer to share in the shallower
waler. The wave crest fends to become more pearly parallel 1o the
shore line. The waves “break” on the shore as if the wind were blowing
normal to the shore. |

/0-5
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10.8 Waves on the surface of a tank containing water are
observed to move with a velocity of 1.8 m/s. If the water is
replaced by mercury, with all other conditions the same,
determine the wave speed expected. Determine the wave speed
if the tank were in a laboratory on the surface of Mars where
the acceleration of gravity is 37% of that on Earth.

Since C=ygy" it follows ;/)m‘ 1he wave speed is independent of
the flvid density. Thus, Cio =Ciy = .82 on earth.

However, on Mars
Oars SV;Mamy - JaB??f”"ﬂ’ Y = 0.608‘/?75”*»}'

=0.608 (1.8%2) = /‘,09“;!*Z for water or mercury.

/0.9 10.9 Often when an earthquake shifts a seg-

ment of the ocean floor, a relatively small am-
‘plitude wave of very long wavelength is produced.
Such waves go unnoticed as they move across the
open ocean; only when they approach the shore
do they become dangerous (a tsunami or “tidal
wave™). Determine the wave speed if the wave-
length, A. is 6000 ft and the ocean depth is 15,000

ft.
. A, %
From £q, 104+ ¢ <[22 fopp (212 )] %
or L
(32,25 ) (s000¢4) 270 (15,000F)\] 4
C:[ 27 fanb( 5000} )] =175 S
106




70,00

1010 A blcychst rides through a 3-in. deep puddle of wa-
ter as shown in Video V10.1 and Fig. P10.10 If the angle
made by the V-shaped wave pattern produced by the front
wheel is observed to be 40 deg, estimate the speed of the
bike through the puddle. Hint: Make a sketch of the current
location of the bike wheel relative to where it was At sec-
onds ago. Also indicate on this sketch the current location
of the wave that the wheel made At seconds ago. Recall that
the wave moves radially outward in all directions thh speed
c relative to the stationary water.

At time t =0 fhe front wheel was
at poind (O). Af the current fime

t=at, the wheel has traveled a N\ Wave produged
distance d=Vat and is af point (U), CAf\ at (o) when ¢ OV
At time t=at g wave produvced (0) ( /:)h—*
by the wheel when it was at (0)

will be a distance cat f/‘om (0)

as indicated inthe figure.

Waves prodvced at Va/'/ 0Us Fimes
(from t=0 1o 1 =at) by the front
wheel will form a V—sha,oea/ wave  /

® FIGURE P10.10

—— VAz‘

V-shaped “how
wave fr*om front

/ wheel
as shown in the second ﬁyz/m ‘
(provided V>c ; syseroritical \ /s =207
bike speed). | N | .
From the geometry of the figure Vat ¢
, __cat Fa
Sin~g = VA{ cat
v V 4
= sin & where C 2y = [32 2 (,2{‘.})] =2 41
Thus, + |

10-7




10.//

10.11  Water flows in a rectangular channel with a flowrate
per unit width of ¢ = 2.5 m*/s. Plot the specific energy diagram
for this flow. Determine the two }possi‘ble depths of flow if

E=25m.
2 ( :j_vm'?-z
E=y+ %2=y+ 2.55) y+ 03
23y 2(9.81%)y> y
Thus, plot |
y Pl
E‘)’*'Q% ) Wﬁeré E~m, y~m
N7 mh2 K
. = _zft 3= (2.55}_) _
Nofe: y, (9 ) “qmE ) = 0860
ﬂﬂa' E”_‘g_ ._3(,1"0 )'/2?
min =2 Yo = 5 (0.860m)=129m
yvs E
25 —
//
//
2 ; 4
Ve
1.5
E Y
= 7
1 4 ( W.=0.860
05 |~ Emﬂ"‘%ﬁ\\\\_ |
// T—
.l(’l
0
0 05 1 15 2 25 3
E,m

For E=2.5m), £g.(l)is 255=Yy +_0__)_,_49_
Or y®-25y2+0.319 =0

The rools to this equation are y= 2450338, and -0.335

Thvs, y=245m or y=0388m

T —_
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19.12 Water flows radially outward on a horizontal round
disk as is shown in Videe V10.6 and Fig. P10.12. (a) Show that
the specific energy can be written in terms of the flowrate, Q,
the radial distance from the axis of symmetry, r, and the fluid

depth, y, as \
pth, y I Q 2 !
-7 2ar) 2gy?

(b) For a constant flowrate, sketch the specific energy diagram.
Recall Fig. 10.7, but note that for the present case r is a variable.
Explain the important characteristics of your sketch. (c) Based
on the results of Part (b), show that the water depth increases "

in the flow direction if the flow is subcritical, but that it B FIGURE P10.12
decreases in the flow direction if the flow is supercritical.

Q
27ry

(@ The specific energy is E=y+ gyg' , where V= 70;' =
Thus, @ 2
E= y+(277") 29y

~2

(b) Let g = 27,-—% sothat E=y +§;E:—);£ Which is the same as for

two dimensional flow with ¢ = & being replaced by §. However,
for two dimensional flow g is constant; for radial flow Zisa

variable since r varies. But E vsycurves for constant 7 would
Jook as shown below (Fis. 10.7).

(c) From the Bernovlli equation
E,=E; or E=constant for this flow,
Consider svbcrifical flow —point
A. For ovtflow r increases so that
%\' decreases. Thus since E=const. , /
the {low goes from state A, to Aa;
the depth /ncreases, For sub-

svbcridical

Y

supgr-
critical

74

E

critical inflow r decreases & increases,  E,=Ei
the flow goes from A, to A; and the depth decreases.
For supercritical flow t is trve. Thes, svbcritical | supercritical
outfow increases r, decreases Z;or i depth _ depth
from B, to B,— decreasing depih. dez»:a’;es ”"d':”;‘; e
Supe/‘cr{"f/cjép;;zf/ow from 8 oy~ MW | incréases dec/‘egse.s
Increasing .

10-9




, 0. 13

(1

10.13 Water flows in a rectangular channel with a flowrate
per ynit width of ¢ = 25 ft*/s. Plot the specific energy diagram
for this flow. Determine the two possible depths of flow if
E=17ft

g
E=y*z;t"‘%' A z((szzﬁi; yr “'Z}ZZ’Q'
Thus, plot E‘}"“"zz{o’ 2,
Note : y, =(.gf)y3 =(-;§?2§§£—)'§; 2.69.1
and Epin =2y =2(2.608) = sou fi
12
10

: gy

) /%.ﬂﬁ

sof

FOI‘ E'—=7HJ E«?(/) s 7=
or
y*-7y* 4970 =0

10

12

 where y~ft E~ft

The roots of this equation are y=-1.09, /.31 apd 6.79

TﬁVs) y = 130 or y = 6.79 f

10-/0




]0.1 4
' 10.14  Water flows in a rectangular channel at
arate of g = 20 cfs/ft. When a Pitot tube is placed
in the stream, water in the tube rises to a level F
of 4.5 ft above the channel bottom. Determine 4.5
the two possible flow depths in the channel. II- Vv " }
lustrate this flow on a specific energy diagram. —_— -f =], ;,
' ' | n' (@
//////2//7///
@:203
2
ﬁ-r 1z, =t A2 Iy +2,  where 2 =%,
9 ¥y g 2y / J
V=0, %= *h, and ﬁ 45-(y-h)
Thus, p
h+-l 45ft-Y+h , or ,-z-?— =45-y
bt g 20
V
y
Hence,
(3
=45 -y or yg-%5y2+6.2/=0 where y~fl
2(32.28) '
The roor‘s of this eyuaf;on are V=414 142 and /.04
Thvs,
y=4%14%fory =/09‘2 ft
2 (20 £)* |
= .,.L = + 3 = + 6.21
E=y 2gy> =Y 2(32.28)yz °F E=y z a
The specific energy diagram (plot of Eg. (1)is shown below.
5.0
7
40 A YE 4D
3.0 | i
T Y
> /
2.0 4 \
e \\ yel #off
P4
Id \\‘- u
1.0 s !
7
’
0.0
0 1 2 3 4 5 6 7
E,ft
[0-11
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10.15  Water flows in a 5-ft-wide rectangular channel with
a flowrate of Q = 30 ft*/s and an upstream depth of y, = 2.5 ft
as is shown in Fig. P10.15. Determine the flow depth and the
surface elevation at section (2). ,

(l)“ ‘ _—_———t
FIGURE P10.15

#L'P”LJ'Z/ fz * ;*ZZ where ﬂ‘/’z‘.ﬁ, Z, =) =241, 2,=0.2ff +),

_Q _ (?of—’) _ s 4
Vi 7?7 e -3, ad b= 7’3 (sy, T
Thus
(5 f#y? £ 8
(322 5 +2H.—:2{32Y:;}I3 +0.2ff +),
2B
or

3 2 :
Y, —1.9% }ﬁ +0.559=0  which has roots y,= 1.774 ,0.632, and - 0.632

3£
Note: Fr,= y— [(322“)(2{4)];/2

If y,= 04632 then Fr>l, This y
cannot be since there s no “bomp’
between (1) and (2) af which critical
conditions can oceur:

E
Tﬁy‘;} Yy = 1. 77% f# and 2,= 1.974 ff

= 0.374 <]/

jo-12
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10.16 Repeat Problem 10.15 if the ypstream depthis y; = 0.5 ft.

(1)

FIGURE P10.16

4_4—.@; +2 = ﬁ--}—z—;-l»zz’ wbereﬂﬁﬂ‘O Z =)= 0.5 2,=0.2{1),,

0 _ 30&8 o w4
V= A T (osR)(5H) -/25 , and Va 7;; T
Thus,

6* 2
(12 #) _ 712_
2 (3——9—2 5 5ft 26220 +o0.2ff ty,

}g -2.53y,°+0.559 =0 which has roots y, = 2.4%, 0.528 and - 0. 434

.- _ W /2 &
Note : }'7’/“17;)7 =[(32‘Z%)-;0'5H)]}£ = 2,99 >| y 4
If y, = 244, then Fry<l. This cannot be Lo yg—:s“:f;
sincs there is no "bump” between (1) and (2) 7 @\ 1)9:0.5{1
at which crifical conditions can occor. z

Thos, ¥,=0.528 ff and Z.=0.728 ¢

o

/o-1 3
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Froa7 ]

Water flows over the bump in the bot-
tom of the rectangular channel shown in Fig. P10.17
with a flowrate per unit width of ¢ = 4 m%/s. The
channel bottom contour is given by z; = 0.2¢-*°
where zp and x are in meters. The water depth
far upstream of the bump is y, = 2 m. Plot a
graph of the water depth. y = y(x), and the sur-
face elevation, z = z(x). for —-4m =x <4 m.
Assume one-dimensional flow. FIGURE P10.17

-x2

zgp = 0.2¢

Ltz - ‘é*z where g, =0, z, y=2m, Zi=y+%s

42

Thvs, (2%) +2m = ——X——( & y+o.ze"‘2

2(4.81% 2(4.8/2,)
or X
y’-(2.20-0.267 ) y*+0.815=0 where y~m
Solve for y Wi#) —4<x< 4 y
. 2%
: F = - =0.452
Note: Fr, = ‘V")Z [(2.81%)(zm)]% “
Ths, the flow will remain svbcrifical

throvghout — the largest root of £.(1)
will be the correct one.

The fal/OWiﬂ? I"BSU//J‘ dr’e 0bfa,ngd by SO/V/”q E? (1) f0/‘ y
and then 2=y+0.2e™ for ~#mex24m,

)]

tX,m  y,m z,m
0.0 1727 1.927
0.5 1790  1.946
1.0 1901  1.974
15 1969 1990
2.0 1991  1.994
25 1995  1.995
30 1995  1.995
35 = 1995 1995
40 1995 1995

(con't)

[0-14




10.17*

(con't)

The above results are plotted in the graph below.

y Vs X

2.00 g e —
1.95 A
1.80

E.. 1.85

>

7
1.70 .
0.0 0.5 1.0 15 20 25 3.0 3.5 4.0
X, m
ZVS X
2 —
1.99
1.98 7
1.97 /
E 106 /
N /
1.95 —
1.94 //
1.93 {—
1.92 ;
0.0 0.5 1.0 15 20 25 3.0 35 4.0
X, m
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*10.18
0.4 m.

Repeat Problem 10.17 if the upstream depth is

zp = 0.2¢ -x2
FIGURE P10.18

g+ z;*‘f, where AP0, 27y=04m, Z,=y+2,
or m=yroze™, Y=t 2L _pm -3

Y
Thus, _(102)" ($2) Py >’ -x*
)} 2(98/1’-'1)1 +0.%m = 2(78/1&)2 ty+0.2e
or 2

y3_(5.50 ~0.2¢* )y +0. 8/5=0 where y~m

(1)
Solve for y Wh"/) ~FEX<4m /
Mote: [, = 102 =5.05>] y /
r"IWWJMwﬂ% I
Thus, the flow will remain swercritical d e\ Y=0.%m
throvghout — the snallest positive root of Z
Eq.(0 will e the correct ope. E

The following results are obiained by solving Eq. (1) for y
and then Z=y+0.2e™" for ~4m 2X < 4m.

X, m y, m Z,m

0.0 0.408 0.608
0.5 0.406 0.562
1.0 0.403 0.476
1.5 0.401 0.422
20 0.400 0.404
25 0.400 0.400
3.0 0.400 0.400
3.5 0.400 0.400

4.0 0.400 0.400

(con't)

1016




10./8%] (con’t) ;

The above resvlts are p/ﬂi’ed on the graph below.

ZVS X

0.65

0.60 "\\\\\
0.55

-

0.50 ,
\
0.45 \\

0.40

y Vs X

0.410

4
0.408 -~

0.406 .,
0.404 | \

0.402 N

y, m 0.400 ——

0.398
0.396

0.394

0.392

g 0.390 +

X, m
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10.19

Vi
10.19 Water in a rectangular channel flows into a gradual l ;
contraction section as is indicated in Fig. P10.19. If the flowrate

is Q = 25 ft*/s and the upstream depth is y, = 2 ft, determine
the downstream depth, y,.

FIGURE P10.)g TP View

2)

Slde view

2 A X
%‘--I»ilg—'l’zl =4§+?‘_”§ Zz Wbefepo/"fz 0,2=y= ZH Zz’y“
_Q_ 258 4 _Q _ 258  g33
V=4 S aiam ~3P5, and Ve %'(mwz 7
Thus,
Hy 8.32
(3.38) r2fle V2 ) ( )

2(32. z‘?z) 2 (32.2, t

or

y2-2.15 yz +1.077 =0 which has roots y,=1. 828,0.9%6 and -0.623 (1

Note: Fr, =t =338 .390</
o ! V"')7,' [(32. zﬁ)(szﬂ
Since there s no relative minimom Y

area between (1) and (2) where critical
flow can aceur it follows thet Fry<!
also. T/IVJ‘ it /s /707‘ possible 1o

have V, = O0.946 E

Ths, y,=1.828 i

10-18
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10.20
10.20 Sketch the specific energy diagram for the flow of
Problem 10.19 and indicate its important charactenstxcs Note
that g, # gq,.
2
E = y t E_i_z‘
: Y
Thus, for the b=4fl chamel, g =
or yi2
_ (6.25 &) _ 0,607
E=y+ 2@malyr o ETYPTyT @
b o 2
25
For the b,=3 f c/mwel @zz ‘;% SH - g.33
- (8.334 1077
E vt 2(32.24&))/’- or E=y+ y,_ @
(Vs o that - (G (625 E) NS
Note: y, ( Jo sothat - (57 ‘(sz.—zgr) =1.067f
ana' l
" :( z (8. 33%) ) /292 H
2 g 2.2
Also, £,,;, =3 Y , 0/' E,,,,,, 2(1.067 )= 1600}
Eming = 2 (1.292 )= 1.938#
The specific energy diagrams (Egs.(1) and(2) are plofted below :
2.5 -
_ Z —q =6.25 cfs
2 =2ftly 2~ — —q=833cfs
. Py cl.628 1 ———
YT s ol (sec Frob. 10.09)
YG, z hoé 7§} ) I I'”l-‘—' IfISOOf;‘l/ (..y‘z z1.292 f‘f’ E "2 =1,938 ff
1 ~
0.5 —
0 |
0 0.5 1 1.5 2 25 3
» E, ft
2 , .13 5)2
Note: £,= ), +-2-V;- =E,=Y,+ Z? =2+ (2322’) =2.15 4
/019
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10.21

10.21 Repeat Problem 10.19 if the ypstream depthis y, = 0.5 ft.
Assume that there are no losses between sections (1) and (2).

(1) @)
2 2 Side view
%+§%+z'=%+¥§ +Zy , where 424,20, 2,2) =0.5f, Z:=),,
£42 -
&= 25 = & = & _ 255 _ 8.33
V=2 = Gesm =/25%,4 V=77 = Gy = v
Thus, o3
sy oo ()
20622E) "0 2(32.2 2

r y3 -2.93 yz,2 +/.077 =0 w/g‘cﬁ has roots y,=2.79 , 0-69% and - 0.555
12.5%

Note : Fr, = W [(32 2 )(O.SH)]Z- 3./12>] /
Since there is no re/afn/e minimom y L7 /
area between (1) and (2) where crifical //
Flow can gceor it Follows that Fry>| d X \Y=05#
also. Thus, it is not possible fo Z =
haye Vo= 279 ( fbe subcrifica/ rom’). E

Thus, y,=0. 6?4;?/

/10-2.0




]10.22

0.06 m? Explain.

10.22  Water flows in a rectangular channel with a flowrate
per unit width of ¢ = 1.5 m®/s and a depth of 0.5 m at section (2)

(1). The head loss between sections (1) and (2) is 0.03 m. Plot m___ ———
the specific energy diagram for this flow and locate states (1) \Z-j.—/wvvzz
and (2) on this diagram. Is it possible to have a head loss of ~— ° Y, =%

i
TTT777777 7777777

_ﬁ;_ 2g +Z', 222* +22+h ), where A Z,=0.5m, 225, @
2
Vi=y, = osm =35, and V’“%” Ve

T/)Us, with E = y+;‘§ and h;=0.03m Eq.(1) is
E, =E, +0.03

Also, _ $ (152
E_)Hzgy =yt 249/%)y*
" E= y + QL7 (2)

Eq.(2) is plotted below.
2,k 22l
Note: yc=(g_)3 =( (.5 "snl_)f: 0.612 m

7.'8/!5—%
and 3 3
Epim =72 )= 2(0.612m)=0.9/8m
/9/30, 2 m*
, (1.55)
E=y+t-ps+ Los = 0.959m
10 gy T2 T a8 E (oemy
and E;=E,- 0.02=0.929m
1.6
4 e Note s If h,=0.06m
' P d with £,=0.959m so
1.2 v
: S7L that E,=E, - 0.06,
10 - // "’heﬂ
e V4 E;=0.899 m < Emip
d / -
= 038 P / E,k0.429 Thus, it is not possible
0.6 — P Fliobe fo have h,=0.06 with
#" Epin=09/8 _Eij=0.95 .
04 — 4 the given ¢ and y,.
0.2 >
’/
0.0
00 02 04 06 08 10 12 14 18
E, m
/10-21
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Thus, with E= y+,¥,—

10.23  Water flows in a horizontal rectangular
channel with a flowrate per unit width of q =10
ft*/s and a depth of 1.0 ft at the downstream
section (2).. The head loss between secticm (1)
upstream and section (2) is 0.2 ft. Plot the Specnﬁc
energy diagram for this flow and locate states €))
and (2) on this diagram.

%L.'.?L-}ZI: £—+

v B (10)*
E~y+5§%_)” "y’Lz(szz.zg._t,’_)_y-i

or

E==y + /'5;,5;_3 where E~ f1, y~ .
and Eq.(l) gives E =Ez+h, <, +0.2 #
Eq.02) js p/offed below. iy
Wote: y«(F)4=(L8 o< w59, £,

322

€2

)
g F
Vi, y

7
Y —=V

ST T 777 7777777

*Zz th, , where 2= =0, Vo =
and Y, =1

/'7/0 2%

% _
Y2

T

joft’

=108 ()

(2)

2 (1L459H)= 2.19#4,

_ 1553 4—53

E =y +557 Pl I = / = 2.5, and E;=E,+h, = 2.75 f#
yvs E
3.0 >
,7/

25 . .7

. P4

// /

2.0 2~/

Ve

& ' /// E,m'”: 2./‘?#
> /,-" E,=2.551t

1.0 - d v

: L 7\
05 g E, =275 H

. - ,

/,;
0.0
0 0.5 1 1.5 2 25 3 3.5
E, ft

]0-22




10.2.4

10.24 Water flows in a horizontal, rectangular channel with an
initial depth of 2 ft and initial velocity of 12 ft/s. Determine
the depth downstream if losses are negligible. Note that there
may be more than one solution. Repeat the problem if the initial
depth remains the same, but the initjal velocity is 6 ft/s.

| 7
I S ST
E,'—'E,_ , or yl+«‘--—y2 == () 1514708

29 - 23 P77 777777777 77777777 7777

| b =width
but @=0Q, or Viby, =V, by,

'f
S0 hi‘/f 3 = ﬁ , Where }/z""f)t
2 Ve Ya Yo S

Thus, Eq. (1) becomes )
g 28> (528
2 2(32.2 gy - Y2 2(2.28)

* .S&
or

Uy, - (28) (24) 24

R

\

| y: 4 24 yzz +8.94 =0 which has 3 Fools ; one negative (no physical
meaning), one Is >g=§_=,fj (nochange in de/ﬂ’ﬁ)):
and ¥, = 3.51 ft (an increasem depth).
_4ft _ (68)azHp)
If y=6L then V= G2 -
and Eq.(1) becomes

£2 (/2 2
2 *2(32.2) =Y +2(32.2)>

or

3 ~ .-
Y, —2.56 yzz +2.24 =0 The /OOJI/IVE real roots are

h=2fl, or y,=/38f (adecrease indepth)

Ne=

/10-2.3
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10.25 A smooth transition section connects Q
two rectangular channels as shown in Fig. P10.25.
The channel width increases from 6.0 to 7.0 ft
and the water surface elevation is the same in
each channel. If the upstream depth of ﬂow is 3.0
ft, determine h, the amount the channel bed needs
to be raised across the transition section to main-
tain the same surface elevation.

FIGURE P10.25  Top view

T/)us, V= Vz or

%ﬁ“})} Hence, /4,=/9g or (6£)3#)=(7)(3#-h)
orh:: 0298
Note: g,=—§ = -5(‘)— and %ﬁ—Q = ._§’.<%

b,
and Y3 a VA .
E =y, t2g and £3=V,t 2 Thus, since Vi<Ve it follows

f /)ﬂ’lt E'I - £-2 = )7 _ )é
The carresponding specific energy diagram is as jndicated belov:

Y
72 IS

)5 N

10-2 4
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10.26  Water flows over a bump of height
h = h(x) on the bottom of a wide rectangular
channel as is indicated in Fig. P10.26. If energy
losses are negligible, show that the slope of the
water surface is given by dy/dx = —(dh/dx)/
[1 = (V?gy)], where V = V(x) and y = y(x)
are the local velocity and depth of flow. Com-
ment on the sign (i.e., <0, =0, or >0) of dv/dx
relative to the sign of dh/dx. i

f(x)

®\

=~
hix)
FIGURE P10.26

For any two points on the free surface :
2 2
@:’-*2% ve = Gs 2‘% tZ2, where £,=£2=0, 2,= Y, and 22 =ht),

Thes, E}V_ﬂ hty =constant  so that by differentiating
4
2V dh, dy _
79.52.7 + 3}’1 +4Y =0 o
/)/30, for conservation of mass v
iy =Vy or ng*)’dx =0 or 5’;”=--y-5§ @)

Combine Egs.(1)and (2) :

V/ivd dh ,dy _
g yf?%ﬁ?}lrl*?)zf“”;or

dy _ ___L(_‘ag@_
X (1-65)

Mote: If Fr #V}% <1, then —;—,';/(l and % have the opposite sign

o dh o1 d i
IfFr>i , then Z)ﬁ(' aﬂdyf — %47 Fr<l
have the same sign. , dh
; r Zx dhso
V—% Fr>l

J0-2.5




10.27 Integrate the differential equation ob-
tained in Problem 10.26 to determine the “draw-
down” distance, { = {(x), indicated in Fig. P10. 26
Comment on your results |

h hx) »
FIGURE P10.246

From P/"a/b/em ]0.26 :

g%“(lﬂ(zﬁz_j , where Yy, =Vy or V= -%

2 22
Thus, vz _ (%F_ v so that

?Y 2 g3
_/d
%——[—;——(%’2— or [/ ( ]a’y"‘(ga)a’x
?Y“

Im‘eymfe from Y=Y, aﬂa/)(~0 with gb' a given fonction of .

f[/ (_Vuz)y‘j’]c/y —-f(d e = M——/;
Y=Y

or
| y—-(!f;-&‘)(-ay* =~h Thus, y+(YE)y 2y =
o Yi

y (Yr 2g -h)yz+(\4 X | : mn
Obtain y=y(x) from Eq. () and then L=206) from y,=h+y +/
orX=y,-h-y

Nefe Ey () /s /707%/'”37 more than /ée Bernavlli egvation
+ Y = + yth with V" so that

22 ) “'(}%&‘2 ty */) which sm,o//f;e: fo Eq.00).

- /0-26
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10.28 Determine the minimum depth in a 3-m- wide rectangular
channel if the flow is to be subcritical with a ﬂowrate of
Q = 60 m%/s.

3
m
V.,.Q__bo"s"__;__

AT Gmy Y where \~ %5 when y=depth~m
)

Alsg,
7Y = s

Note : As y decreases, Fr increases
Thos, fo have Fr<! we must have fy—g— <!,

n .39

:(Vz = —,‘93/2-

£
155

or

y > (6,37)7'/3 = 3,%¥m

v e—
o e e e .

j0-27
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10.29)  Fluid properties such as viscosity or
density do not appear in the Manning equation
(Eq. 10.20). Does this mean that this equation is

valid for any open-channel flow such as that in-
volving mercury, water, oil, or molasses? Ex-

plain.

The Manning equation , @ *%‘/)R:é S,,,/z, was "derived" specifically
for water. It is not in dimensionless form and camnot be yse withoot
alteration (ie.different n valves; different dependance on By ; ete)
for other flvids.

10-28
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10.36 The following data are taken from measurements on
ariver: A = 200 f®, P = 80 ft, and S, = 0.015 ft/50 ft. Deter-
mine the average shear stress on the wetted perimeter of this

channel.

’n,:: XR})QO , Wbef'ek R}, ="g' "“'%%%fﬁ: 2.50f

and 015 #f
503 “0-2'0'77— = 0,00030

Thus, |
7;/ = 82.% ‘g@ (2,50{'7‘;) (0.00030) = O, 0458 "/ff'z

10-29
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Curb
Pavement \

I— b =2 ﬁ‘m“ '

FIGURE P10.31

10.31 Water flows along the curbing of a street as is shown in
Fig. P10.31. If the slope of the street is §, = 0.01 would you
expect the flow to be laminar or turbulent? Explain.

_X p*B ok
v.——ﬁRh SO ?

finished concrele) n=0.012
Also, R,=48 where A=%bh=z(2f)(3Z)=0.125fF

where K=1.44 and from Table /0.1 (assuming N

and P= 2ft
e Ry= Q:%F_?iiz: 0.0625 ft so that from Eg.(D
V"’blfg_lyf(0-0625)2/“"(o.o:)"é = I,-%«gi
There fore,
Re = VB - (HENBEEED - 10,100

Is the flow laminar because the Reynolds number is less
than 12,500, the approximate critical valve for apen channsl flow?

Approximate valves for laminar or torbvlent channel flow
are gs follows : laminar if Fey< 500 ; forbolent if Rey 712 500.
With Rey =10100 for the pre.sen/ case il is not clear if the flow
is lamiar or torbolent — probably turbvlent

0-30
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10.3Z  The following data are obtained for a
particular reach of the Provo River in Utah:
A = 183 ft?, free-surface width = 55 ft, average
depth = 3.3ft. R, = 3.22ft, V = 6.56 ft/s, length
of reach = 116 ft, and elevation drop of reach =
1.04 ft. Determine the (a) average shear stress
on the wetted perimeter, (b) the Manning coef-
ficient, n, and (c) the Froude number of the flow.

\ o _ 04
a) 7‘; = J‘Rh ‘50\ , W/?Gf‘e $<D= _[I.%ﬁi = 0.00897

Y
B Q=2 AR5, =AV, where k=149

2
Thes, IR S _ (/'.49)(3.22)/3(0.00907)15, g
ne B s e = oot

=V _ 6.56 % = 0.636 <| 4
o Fr Ty (2.2 7, (23] y = O (subcritical)

Thus, T, = (62.418,)(3.221)(0.00897) = |. 80;',%

10-3
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10.33
in the rectangular channel shown in Fig. P10. 33

- because of the addition of the thin center board?
All surfaces are of the same material. |

Center board

By what percent is the flowrate reduced

Q’ £ Aﬁhé ’01/2 . bz

Wlfhom‘ the cenferboard A=b(2)= £ R”"};’ZE' =_f%
or

Quiher = 5 (2)(£)7% 5% 2 (0
With fhe cem’erboaml QW”% 20 where ,42= (.ié) '

b e (B

hz (!L) 6

24

6)Wh’/) 2 ( "") (b) (2)

2
Divide Eg (2)by 50 1y bty B _ 204 22037
— Quithot  (£)(2)%
a 100763 = 23,7 Z redyction

/0-32
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10.34 An old, rough-surfaced, 2-m-diameter concrete pipe
with a Manmng coefficient of 0.025 carries water at a rate of
5.0 m*s when it is half full. It is to be replaced by a new pipe
with a Manning coefficient of 0.012 that is also to flow half full
at the same flowrate. Determine the diameter of the new pipe.

Qold OM Old Rhold b 29 1d , ()
and y y
Qnew_ X new R” \Ls”neu/ | (2)

where (%m nev ana/S = "n'eu/
Thus, by equating Eqs.(/) am{ (z)

/3 *4
’qo’d Rboid = ﬁdew Rf{new

Motg Tnow (3)
But for a half full pips, A=ZD* and R,= p = % 2
Thus, s 2
AR, = Zb (“') so that Eq. (3) becomes
0 DI ,
D‘?’l{‘ (7&) _ 3 new( wu)
nold Pnew
" Did . Duaw
n”’d rew
T/?l/.‘]) Y

= [ Vnew 0.012 // =
Orew (m) D = (0025) (2m =l52m

/0-33



/o; 35

10.35  The great Kings River flume in Fresno County, Cal-
ifornia, was used from 1890 to 1923 to carry logs from an el-
. evation of 4500 ft where trees were cut to an elevation of 300
~ ft at the railhead. The flume was 54 miles long constructed of
- wood, and had a V-cross section as indicated in Fig. P10.35. It
- is claimed that logs would travel the length of the flume in 15
- hours. Do you agree with this claim? Provide appropnate cal-
culations to support your answer.

1 = distance traveled = Vg t . Th0s,

< L (s¥mi) (5280 0/mi) _ 5,4 f
%9 t  (15hr)(36005/hr) <

Defermine the average water Ve/oa/'/yl V, and compars i with this V

V= KRS, , whore k=149, A= 4(19) = 0.58° P2 H
so that Rﬁ"'g-‘: -Q—%ﬁ = 0.25ff

2 ff
Alss,
_ AZ_ (4500 -3(00){} _
S0 T (54mi)(5280 Tt/mi) T 0-01%7
Thos, with 11=0.0/2 (see Tabls /0.1, planed wood),

V= 0/‘:7; (0,2-5;)'% Vo.o/47 = g,yyéi
Nofe: V is slightly larger Hhan Woy' Thvs, 1he claim agpears fo be

correct. Ves.

10-3%
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| ‘/0.36’” '

10.36 Water flows in a river with a speed of 3 ft/s. The river
is a clean, straight natural channel, 400 ft wide with a nearly
uniform 3-ft depth. Is the slope of this river greater than or less
than the average slope of the Mississippi River which drops a
distance of 1470 ft in its 2350-mi length? Support your answer
with appropriate calculations,

V=RRETs,  where Kesg |
V=3flls y=3fl h=4ooff f<by= /2,oaf!2) P=b+2y=405#
Thus

A JzooW*
Alvo, from Table [0./ , N=0.03 so that from Eq.0)):

< L4 %
3 =L (2.7 s,
or

S, = 0. 000858
Tha average Mississyppi slhope is

S = /470 ¥t
WMiss  2350p (5280 %.)

= 0.000/I8 <0, 00085¢

The vnknown river has 4 9/'6’4/&1- s/o/e. |

10-35




10.37
" 60 —— I
10.37 At a particular location the cross sec- £ 40 b — 11700 f1 T
tion of the Columbia River is as indicated in Fig. £ T
P1037. If on a day without wind it takes 5 min a 20} - s
to float 0.5 mi along the river, which drops 0.46 ol e |
ft in that distance, determine the value of the 0 400 800 1200 1600 2000
Manning coefficient, n. Width, t
FIGURE P10.37
| . 4
. (0,.5mi)(5280 7 )
From the given data, V=">"— S -84,
: (5/0/»)(60-@7,
From the Manning equaftion,
X R% S ) _ O.46ft B
V=75 ; where K=149 S,= 2220 =0.000174 (1)
nth ey A ' 7" (osmi(5280%) o

and By =5
Approximate A and P from the figure as
A= 2by =% (1700f1)(44) = 37400 {*

and
2
P= /1800t Thus, f,= W =206 ft

Hence, from Ey () :

24 Y%
8.9 = -/'-ﬁ.“f(zo.a) “(0.000174)%

or
n=0. 0/62
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10.38 The rectangular irrigation canal shown in Fig. P10.38
carries 100 ft*/s during normal operating conditions when the
water depth is 4 ft as shown. Determine the flowrate during a
drought when the water depth is only 1 ft.

EFIGURE P10.38

K g 0
X = "rT/th V-§:

Under normal conditions A=(4f)(8f1) =32 F/"J P=8ft+2(#f)=16f
ond Ry=A/P =328/t = 21t

Thus, Trrohofy, ()

100 =% (3202 Vs,

or |

%Vfo. =1.97 (2)

During a drought, A =(1£1)(2f1)=8f" P=8f1+2(1f)= 104} and
R,=A/P =8H?*/10ft =0.81f

Hence, from Eqs. (1) and (2)

z )
Q=2T5 AR =197(8)(08)" = 13.6 4

]0°37
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10.39 Rainwater runoff from a 200-ft by 500-ft parking lot is
to drain through a circular concrete pipe that is laid on a slope
of 3 ft/mi. Determine the pipe diameter if it is to be full with
a steady rainfall of 1.5 in./hr.

From Table 10.1, n =0.012

Thus,
Q = (‘-OOH)(-SOOH)(, 54 )( 12. 1n. )(

Hence, from Eg.(1):

2 | )
347= L (T (8% (o o?o,ssa)/“

r
D= L64ft

Also, @ = A, ,r, where r = rainfall rate =

Q"K’AR;, o where K= /‘M, »So= 3HH =
A='gD2, and ﬁ !g-: 7¥7‘D =—2—

= 1.5 in-
‘hr

Lhr ) 347

36008

«n

/0-38
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1040 To prevent weeds from growing in a clean earthen-
lined canal, it is recommended that the velocity be no less than
2.5 ft/s. For the symmetrical canal shown in Fig. P10.40, de-
termine the minimum slope needed.

FIGURE P10.40

2 : ’
V= 'h)s’ Rhé goé , Where K=1.49 and K, = 'é- | @

A=F(4f +1264)(3H) = 24 f1* and P= 41t +2(5H) = /4

Thus, R, = %}ﬁ = L714H

From Table jo.1, n = 0.022 so that Eg1) gjves (with V=2.5 &)

VR
2.5 = L4 () 7 6%

0.022 o or 9 =0.000664

10.%41

1041  The smooth concrete-lined symmetrical channel |
shown in Video V10.3 and Fig. P10.40 carries water from the 25
silt-laden Colorado River. If the velocity must be 4.0 ft/s to
prevent the silt from settling out (and eventually clogging the
channel), determine the minimum slope needed.

L—-—4 ft "‘V/

FIGURE P10.40

24 b ‘ .
V=X R, 3502, where X=1.49 and Ry, = T’ﬁl 0
A= F (44 +120)(3F) = 24 12 and P =4f+ +2(5ft) = |4 F

2
Ths, R, = —%;’;-f’(— = L7/%

From Table 10.1, n=0.012 so fhat Fg.(1) gives (with V=4 4)

l.49

%% oW ~
4.0 =c5i7 (L7173 8% or S,= 0.000505

10-39




10.42.

10.42  The symmetrical channel shown in Fig.
P10.40 is dug in sandy loam soil with n = 0.020.
For such surface material it is recommended that
to prevent scouring of the surface the average
velocity be no more than 1.75 ft/s. Determine the
maximum slope allowed. |~*~—-~‘4 ft —«‘——‘

FIGURE P10.40

J

A = '21'(17‘)(1( "'IZH)(-gH)"" 2.4 42 and P=4f#+2(5f) =]+t

2
Thus, R, = %’Tf‘_ = 714 f}

With n=0.020 and V= 1. 75“??‘ Eg'.(/) gives

24 |
V= % Rhggo/z where K=149 and Rh’“é" 0)

2/;
175 = £ (L7#)° 8,2 o S,=0.000264

10.43 The flowrate in the clay-lined channel (n = 0.025)
shown in Fig. P10.43 is to be 300 ft*/s. To prevent erosion of
the sides, the velocity must not exceed 5 ft/s. For this - maximum
velocity, determine the width of the bottom, b, and the slope, S,.

FIGURE P10.43

V=8, where A=$[b+(b4+8)]y with h=r-22 =sstt

tan30°
and [, Yor 45° 2 , |
Thus, 5 ét = 300 or b=273 ft

* 3[b H(brsssfi 122 f1)
Alzo, V= RS

From Eq.(, A=4%[2(273f1) + 5.46 1+ 2] (2+) =60.0ft*
Also,
:P:b +&+L}=27‘3 {{4_ 'Z‘HO + 2 =3‘f:’H

' sin 30 sin4s°
T/)US, Rh = _é_ ,_-.%-0% =176 ft so that Eg. (2) becomes

, where X=1.49 and from Table 10.1, n=0.025 (2

25 ~ Y
5= pons (176)°8,% | or $=0.00931

[10-40
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10.44 A trapezoidal channel with a bottom
width of 3.0 m and sides with a slope of 2:1
(horizontal: vertical) is lined with fine gravel
(n = 0.020) and is to carry 10 m3/s. Can this
channel be built with a slope of S, = 0.00010 if
it is necessary to keep the velocity below 0.75
m/s to prevent scouring of the bottom? Explain.

.
Determine V with @=10% and S, = 0.00010,

Q= %AR,,%VEJ , where A=3y[3+(3+4y)]=2y*+3y (0
and p =L yilh P=3+2 (V5y)

Thus, 2 1% ,

10= = (2y*+3y) ;%;—3)%] (0.0001)*

r Ky

‘;0 = m which can be writfen as

2y%+3y-6.03 ('3+2V§y)0'4=0 | )

R standard root-finding computer program gives the solvtion to £q. (I} as
y =2.25m

Hence, from Eq.(0) A= 2(2.25)"+ 3(2.25) = 16,9 ;*
so that
-8 _ ¥
/6.9 m*

Thos, V<075 2 so that scouring will pof oceur.
W

= 0,592 &

J0-41




/0.45

10.45 Water flows in a 2-m-diameter finished
concrete pipe so that it is completely full and the
pressure is constant all along the pipe. If the slope
is S, = 0.005, determine the flowrate by using
open-channel flow methods. Compare this result

with that obtained by using pipe flow methods of
Chapter 8.

For open channel flow @ = '}‘;‘ /}Rh% 5,,’/2 , where X=1

Also, A=FD*= Z(2m)'= 3./%m* and P=1D=6.28m so that
= A 3um?
Rh" P = 628m - 0.5m

Hence, with n= 0.012 for finished concrele (see Table 10.1)

Q"OOI?_ (3. /4)(05) (o. 005)/ "//7-;5- (open chanpel)

For pipe flow with constant pressvre :

e~

£_+..L+z—£.+ +zz f,,z? n f\

Z,-’:fso v ~
where Prfe and V=V, (7:30
Thus, with 2-22=45,, 22

2
15, = 4% |

or

fV*= 29Ds, = 2(9.8/%)(zm)(0.005) Thus, {V* 0.19¢ 0

From Table 8.1, for smooth concrete & =0.316"m/2m=/.5x10™

Also, Re =% Yo ‘vu\z/f/f)m = 1.79x10%V (2)
and from the Moody ci’)ar{‘ (Fig. 8.20): ; |
Solve Egs. (1), (2),and () for f,V,Re: \\ @

Assome f= 0 0/5 so f,/)af from Eg.()

V [00/.5 ’36/

“Re = 1.79x10%(3.61) = 6.46x10° Thys, frm ﬁ}/s) (/l/m/y chart)

f=0013+ 005 Assume f=0.013, op V=[LL%67% _ 5 55

sothat Re =1.79x/0°(3.88) = 6.95x10%  Thus, from £4.(3) F=0.0/3 (checks
with Me assomed valve) Hence, V=3.882 o

Q /9[/_ Z(2m)* (3.68L2)= 12,2 2 o’ (p:pe flow) =11 7ﬂ (Open cha/me )
il flow

J0-42
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10.46  The depth downstream of é sluice gate

in a rectangular wooden channel of width 5 m is

0.60 m. If the flowrate is 18 m*/s, determine the -—% L5
channel slope needed to maintain this depth. Will O"é'"
the depth increase or decrease in the flow direc- - 5
tion if the slope is (a) 0.02; (b) 0.017

@=%XAR% S% | where X=1 and from Table I0., n= 0.012 (n

Also A=(sm)(0.6m) =3m* P=5m+2(0.6m) =6.2m

so that Ry= 1;? =322% _ou84m

-
n
3

T éam
Hence, from Eq.(1):

24 1 ‘ .
/8=a-é—’-2— (3)(0.48%) 350/2- or 5°= 0.0/36

With S,=0.02 >0.013¢ the velocily will increase and the water
will become less than 0.6 m deep.

With S,=0.0/1<0.0134 the velocily will decrease and the water
will become greafer fhan 0.6m deep.
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'10.47  Water flows in a weedy earthen channel
at a rate of 30 m'/s. What flowrate can be ex-
pected if the weeds are removed and the depth
remains constant?

Q=4A R2SE  Let( )/;w denole no weeds ; (), denote with weeds.
Thus, since Ay =Apy , Fny = Rhpw and Sow = Sopy it follows hat

24 ' |
Qv FuPul Sk _ N

T cmmem——

v;w n,,w'qnw Rh Somv w

From Table /0.1 n,=0.030 p =0022
or

O

"

D @ - 0030 (358% - yogm’
e, Qw = Gozz (3050 =409 %
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10.48 Overnight a thin layer of ice forms on the surface of a
40-ft-wide river that is essentially of rectangular cross-sectional
shape. Under these conditions the flow depth is 3 ft. During the
following day the sun melts the ice cover. Determine the new
depth if the flowrate remains the same and the surface roughness
of the ice is essentially the same as that for the bottom and sides
of the river,

- 1R
Let () denote conditions wn‘/7 the ice cover and ( ), with no ice cover,
Thys,

A; =(#ofi) (3 1) = 120f1* P = 2(#0t})+2(3f1) = 94 ff

and Ry = A, /B = 1204/86 11 = 1,395 f
Also,

Rn= #ty, B = %0tzy and K, = A, /B = %oy N#o+2y)

Hence since §; = Gn if follows fhat

R RV, =7 A R 5,

so that with n,=n, 4ﬂo/ S, = Son this becomes
A Rb;- = Ay R 2/3

Hence,

120 (/,395) - 49 (me)

or ‘

_ Yoy M3
3.75 = Y(—&T;‘XE};— : (n

A standard root- finding computer program gives the solvtion fo £q. (1) as
y=2.3f

e ——
oo ————

%
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10.49 A round concrete storm sewer pipe used to carry
rainfall runoff from a parking lot is designed to be half full
when the rainfall rate is a steady 1 in./hr. Will this pipe be
able to handle the flow from a 2-in. /hr rainfall without water
backing up into the parking lot? Support your answer with
appropriate calculations.

Q*’ X AR;'/.?»V—;

Let ( ) denote conditions when the pipe is half full and(
the pipe i< full.

Thus, A= § D7, Ry=A /R = (F02)/(40D) = b4

and A, _.,-u Rn,=A: /F = (JZDZ)/(WD) D /4

Also, 3o % Soa and n,=n,

There fore, Y
@ _ %A. Ru18e _ AR _ (FOWNZF)”"

Q?_ | H Rh/-Sv‘"z Az 2/3 ('gl)z)(\-,%)"é =2

That is, Q. =28, The full pipe can carry twice that of the
half-full pipe. It can carry the Zin, /hr rainfall

), when

JO-#6
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10.50 A rectangular unfinished concrete
channel of 28-ft-width is laid on a slope of 8
ft/mi. Determine the flow depth and Froude
number of the flow if the flowrate is 400 ft3/s.

24 L
Q=7%/‘/9/?;,35f, 8ft
from Table 10.] p= 0.0/4

Also, A=28Y and P=2y+28 so that R,,=-'§-

Thus L49 [ 28y V% 4
o 400 =514 (Zy+2s) (28y)(0.001515)%
y*s
0.5¢4 = ———
(y+4)s
//3”6'6

" 0.458(y+i) -yt =0

The solvtion to Eg.() Js y = ijiﬁ
Thus,

= .Q- = ——M— = 74 ﬁ
V=12 T (28)(2.234) 6.4s

so that
6.41 &

Fr = VV_ = %
9y [(32.2 &£)(2.23)]

= 0.756

—
Y
b—2z8ff —+

where K=149, S,= 5200 = 0.00/515, and

-—28Y_
2y +28

(n

16-47
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10.51 A 10-ft-wide rectangular channel is built to bypass a
dam so that fish can swim upstream during their migration. Dur-
ing normal conditions when the water depth is 4 ft, the water
_ velocity is 5 ft/s. Determine the velocity during a flood when
the water depth is 8 ft.

Let (), and ('} denote pormal and food condifions, respectively.
7—/11/5
, ”
(1) V’*"R V’ and
() V= IQ/)%F

Wﬁb’/‘e /7 ’ﬁ’f R goﬂ = So{ and

Ay = 1081 (4Hh) < 408”4, = Joff(8F1) = O fy*
P, =toft s 2.08tt) < o1 R = Joff +2(8H) =241

7_611: /?/, - Lo %:zzm’/

a a( 2
J/i
po= At gofi”

Hence, d/w'a/e £q(2) by qu/) to obtain :

Fhs 3.0
Vn (Phn) 2221 “/Z"&

sv that
,‘4,:/'24‘% =2¢(sH) = 5,22.:?.‘

mmt———————

10~48
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10.52  Anengineer is to design a channel lined with planed
wood to carry water at a flowrate of 2 m?/s on a slope of 10
m/800 m. The channel cross section can be either a 90° triangle
or a rectangle with a cross section twice as wide as its depth.
Which would require less wood and by what percent?

Q=% AR S% , ()
Let (), denole the triangular cross-section and ( )y dendle the
rectangylar croas-ssecfion 2y

TbUSJ @r"'@::z% s ‘S;Jrz‘%t :"é!b% \%();A )}r

and N,.=h; so that Eq.(1) gives i —
% % R 2 —
ArRys = A RE | where R,=4- 2
Hence, .

Ae2y®, R =4y sothat Ry =3 = 3,

Also,

h=%@p%= %, B=2(VZy) so tht Ry~ 7o
Thus, from Eg.(2):

% % ;
Zypz(f')’r)"’ = }{gz(‘z‘"ﬁ% )’f or ¥ = 0707 Y;

The amont of wood is proportional fo the wetted perimeter, P.

Since

_@.: 2V2 Yy _ __2¥Zy  _ 1.00
B 4yr  #(o707)y, "
ﬁze triangle requires the same amount of wood as the rectangle

10-49
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10.53  Water flows in a channel with an equi-
lateral triangle cross section as is shown in Fig.
P10.83. Let Qy, denote the flowrate when y =
h. By what percent is Qy, less than Q when y =
h — dy, where dy < h? That is, placing a lid on
this channel reduces the flowrate by what pe r-
cent?

FIGURE P10.53

Q = X /)Rh o - '[
Let ( ); denole conditions when §y =0 (i.e,with the Jid)
and ( ),,l with Jy <«<h (. e, /e lid)

T/ws with (-K S ’/‘)l = H(T 3,,%‘)”[ Eq. (1) giyes

O (A R?),,,
% (AR,

Ang = /)! and fl)h—ﬁ "
Hence, Quy _ /i,,e( )" (B )/

, where

mereeme .

Ql ﬂl )4 R’l'
where Ry=2¢ and R ‘31
Thus, @
%_ 2[) (2 _/3I or 5:415,—'-_.57:0.753

The lid reduces the flowrate by 100-76.3= 23.77

n

|]0-50
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10,54  Show that for a trapezoidal channel with f— -

60° angle sides, the best hydraulic cross section e f ‘ L

(i.e., minimum area, A, for a given ﬂowrate) is 1

as shown in Fig. E10.8b. 4 ,
0 } 0 =60

Y

Q=%AR;,%5L, , or with X, n, and S, constant,

..__K_Syzj[ Z/.gdA*/q(”)Rh dRh] o

T/’)Us for a given f/owrafe %@— <0 and for the minimum area gﬂ =0

Eq (1) 9cves
gdf?;,

=0
AIS” R 5‘19»‘ , where A "f?’i}’(b+l)=’2'”y(b+(b+2%,~é))
ar/):)'(b*i;{—é—),ﬂﬂd P=b+23‘71% )
Write Ry in terms of Aand y (for 6=60°) i From Eg (2)
b-’-y& - L 5o that

tan 6
: A dR oR R -14 dA
Rh= —— Hence = 9% dA ___i’. ;or with ¥ =9
Tdords "ow i g
‘;5" =0 which gives f"[ y = ma + —%,Z] =0
2 I
Hence, ~fx ~ 7 555 =0, or A stz ~ s )y @

Combinae Egs.(2) and (3) to give

=Tz __1 12
y(b +fa,,e Lsin@ fam?]y

Orb=2[.sine ma])/, which for 8=60" (sin6 = V—' , lane = 13)

gll/es 1
b=2[& -]y
or _¥3 . -

Y=732 b (as indicated in Frg. £10.8b)
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10,55 At what depth will 50 ft*/s of water flow in a 6-ft-
wide rectangular channel lined with rubble masonry set on a
slope of 1 ft in 500 ft? Is a hydraulic jump possible under these

conditions? Explain.

~——— - - e —

Q= A.,."/l,q/gbzévg;' where

g’nd éyl & TP 2yt6 So = Zoott
n=0.,025 (see Table 10.1)

Thys,

which becomes
ys/a = (2}’4’ 6)2/3(0.74‘8)

y=2.53 i
3
Thiy, V= g = gt = 327 fife
so that
Er = 4 3.29 f{/s

W' ;[(32.2.‘”/5:") (2‘53‘6‘_)714 = 0,365
Since Fr <l i /s not posnzlle bo have a hydravlic jomp.

- J0-52
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10.5¢6 Water flows in the symmetrical, unfinished concrete /\ 2\;/
trapezoidal channel shown in Fig. P10.56 at a rate of 120 ft*/s.
The slope is 4.2 ft/2000 ft. Determine the number of cubic yards
of concrete needed to line each 1000 ft of the channel.

FIGURE P10.56

X ap% 4 :
Q=7 ARS% , where from Table 10.1 p=o0.0/4

DU l 4-in.-thick
concrete linin
10 ft l ’0 g

0 Y
Also, | ! o /l)
A=#(l +10ft)y = # (2041 +2.86y) y N\ Y e
or ot ¥
- _ Y
A=(l0+ _/.z?):)y p f=loft 272
Rh" P~ (j0tft24,) [2-_- .)3'5,' = L74Yy
orp - (101.43y)y sin |
h™ (10+3.48y)

Hence, with K= 149 £4.(1) becomes

24 ‘
= L4 (/0*/»"‘3)’)}’] % g2 %
129= oo (10 *A‘:‘Sy)y[ (10+3.48y) (zooo
or
10y +/43y2)° 5
/4,890 = 510{3.4&?;2) ,or 122 (10+3.48y) -(10y +143y2) =0

Using a standard root-fiding technigye, the solvtion to £q.(1) is
ohbtained as y = [.66%H. Thys,

¥ =volume of concrete per 1,000 4
= (P+4f1)(1,000¢8) (£ #4)
where P=]0ft+24, < [off +2(1.74)(16¢%f1)= I5.8ft
Hence,
3
¥ =(15.8ft +4)(1,000 )£ 1) = 6,600 H"'(Jig-g}-s)z 244 yd*

m
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10.57  Determine the critical depth for a flow
of 200 m*/s through a rectangular channel of 10-

m width. If the water flows 3.8 m deep, is the v ,
flow supercritical? Explain. - )’,
, 1
be——y0m ——
2 1
O=%A Ry°S.2 where for c:n//ca | flow Fr=/ or V=1gy
: - 2002 _ 20 m
Thus, with V % joymt =y 5 we have
F=\asry or y=34%nm |
Ify=3.8m, fhen V=22 =526% qpd Fr=jme = 5262 __
Vay  [(1.61%)5zem)%
The flow is svbcritical, = 0,862

e ]
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10.58 When the channel of triangular cross section shown in
Fig. P10.58 was new, a flowrate of Q caused the water to reach
L = 2 m up the side as indicated. After considerable use, the
walls of the channel became rougher and the Manning coefﬁment

n, doubled. Determine the new value of L if the ﬂowratp stayed
the same.

MFIGURE P10.58

Q=4 AR VS
Let (), and ( ), represent the old and new conditions.
Thes, n,=2n, , A, = z(zm*=2m* B = %m, sothat
R/,n =A, /R = (z2m?) /[(4#m)=% m
Plso By =41*, B =2L, so that Ry, =4, /B =(£1*)/(2t)= L /4
T/)e/‘efore vsing Eq.( l) with §,=Qn gives
—P /9 ha/3 00 = ﬁ Rh bm

or since S,, =Sy,

__,_ ﬂ Rz—/s /?2/3
By vsing fhe above data this becomes
Z 2
o (£17) ()7 - 7 (2m*) (%) 5 o 1= 82V
or

L=2,59m

e ——
S ——————

(1)

/10-%5
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10.59 A smooth steel water slide at an amusement park is
of semicircular cross section with a diameter of 2.5 ft. The slide
descends a vertical distance of 35 ft in its 420 ft length. If pumps
supply water to the slide at a rate of 6 cfs, determine the depth
of flow. Neglect the effects of the curves and bends of the slide.

356
where K=1.49, S,= Zoo e

Q=L£ARS%,
and from Table 10.] n=0.012

s 5
=0.0833, §=6.0 &

Also (see Example /0.5), A= "—(9 sin®) and
R,= .P_(Q:f.fzz.) where D=2.5f1

75
Thus,

8 (4)% 9’73

or

__1¥9 i (2.5 5) (6 -sine)%
6.0 = Gor (0.0833) B (47" [_—0W ]

Hence,

8= 1574 rad.
Thos, @=(1.57% red)(182.4¢9) = go.2 °
or since

y = 2(1-cos(4)) it follows that

=(ZEH) (|- cos(142)) = 0.368 ft

8/3 — einay
Q= 7)7(_80% D [(9 5”{6) } , wﬁere eN,‘ﬂJ)

0.243 07 = (6-5in6)™® 00252 6% - (6 -5in6)° =
l/smy a standard root-finding technigye gives the solvtion to Eg.(1) as

N2
N
e
y+%605'2” =—g—

(n
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10, 60

10..60
in Video

bottom sl
mine the

12 m).

gular canals is lined with the same material and has the same

(i-e., without using any equations) why it is expected that
the width of the merged canal is less than the combined
widths of the two original canals (e, b <4dm+8m=

Two canals join to form a larger canal as shown
V10.2 and Fig. P10.60. Each of the three rectan-

ope. The water depth in each is to be 2 m. Deter-
width of the merged canal, b. Explain physically

® FIGURE P10.60

Q.a = @l + Q, where for 4:'=’/)2/3

_X ) p¥
Q[ Y '4[ Rh,‘ V-:s\;:

Thus, |
X Y%r— X % a— X 24 ,
Ns As Rhss Vg; = 7')2 142 Rh: CVSOg_ + 777 /41 Rh, ? V-‘E;l 9
BU‘I n, =Ny =Ny and SO/ ::50;. =303 SO 7'/70‘/' Eq. (1) becomes

2 2/ 2 ,
H_g Rh3/3 = /42 haj J‘A, R/)l/s @
where |

. &m*

Iql = 2m (4m) = &nm* ) 1?::(2*-2""9‘)“?/” so that Rhl ,; = “é—m@“ =/m
lq2_= 2”)(3”))‘/5/’&) }?_ =(2‘+2+3)=/2m So ‘[lha-l' ha =’%= !__5__"12-.5/.333/79
and |

/43 =2b mz-J PZ, :.'(2,+2+b) =([}+9‘)m So 71/)47[ Rhg:: -ﬁf = ——--———-)—
Ths, Eq.(2) becomes

>l

2/4 2 .
(Zb)[(’g'ﬁﬁ] = /6 (1.333)" + 3(/];/3 = 27 4

or 2, v
b = 8,43 (hiy) (3)

Using a standard root-finding technique gives the solvtion o Epta:

I{ fhe two original canals merged 1o form a 12m wide canal, the
waler depth wovld be less than 2m b ecavse withoot the fwo walk Hhere
wovld be less friclion force hold the wader back. Thus, to mamiam
the 2m a/e,m% we must have b<izm.

] o+ [ = # [ i 3
- 4m le k8 m —»| —]2m—




j\lo.él % |

*10.61 Water flows in the painted steel rectangylar channel
with rounded corners shown in Fig. P10.61. The bottom slope
is 1 ft/200 ft. Plot a graph of flowrate as a function of water
depth for 0 =< y < 1 ft with corner radii of » = 0, 0.2, 0.4, 0.6,

’]‘ e 2 ft ,‘,,‘r—‘—wﬂ—

1t

FIGURE P10.6]

Q=FKAR, S where X=1.49, from Table Jo.l = . 014, and o

1 f4
So" 200 < ()“.005

(@) Assume y 2r:
Thus, A=2(y-r)+r(z-2r)+4mr?
o A=2y-(2-F)r*
and P=2(y-r)+2-2n+mr
or P :2)’-—(47‘—77)1‘ +2 )
~ Hence, with R, =JF9,- £gs. (1,(2), and (3) gjve

(2)

S/ ’
Q=8 A -—P'zé (0.005)%
or

0.014 5/
2y-(2- 27 3 ’ )3
Q=753 L2y-(-For?] for r2y=i where r~fi)y~f1‘,0”'g‘ *)

[2y -(4 -n)r#z]%

(b) Assume y<r: r<ig P )
Thus, A= A +h, +As _m @Dy @
From Example 10.5, with D=2r L—Z-;J‘—ﬂ

A+Ay= %ff(e-sinﬁ) where 0~rad gnd

cos g = %‘:2’. - )
" r
Hence, A= £ (6 -sin) + (2-2r)y \ ) @

Also, P=2-2r +f +R, , whers 0@

from Example 10.5, R+ = (_%‘.L =re
Thus, P=2-2r+re = 2+(6-2)r
By combing Egs.(1),(5), and (6) we obtain’

)

@FL#-? A%P‘% (0‘005)'/3

or ™™ [g—‘(e-s;;,e)«z-zr)yf’a
Q=753 % for 0Oy <r, where r~ft, y~fi (7)
[2+(6-2)r] @~ &, and 6 = 2 cos (LX) ~ rad
- lcon't) |
: /10-58
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(con't)

The resuvlfs, @=Qly), are ploffed below for r=0, 0.6, and | #.

I
l
{
f

Qvsy
10
9 /{
7
8 LEu=
// ‘
7 , -
ol )y
6 —A 2 : —
o // o r=0.00 ft
® 5 //’ ———=r=0.60 ft
° . A N B e r=1.00 ft
i / '!
//
34 //r‘ ’.'
S
2 ' ' T
// I
1 = =
0 hemmEoll ,
0.0 0.2 0.4 0.6 0.8 1.0
y, ft
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10.62 Water flows uniformly at a depth of 1 m in a channel
that is 5 m wide as shown in Fig. P10.62. Further downstream
the channel cross section changes to that of a square of width
and height b. Determine the value of b if the two portions of
this channel are made of the same material and are constructed Width = 5 m

with the same bottom slope. BFIGURE P10.62

O =@, where ( )yand (), denote ypstream and downstream conditions.
Thus p Since Q:%_ A /\7;,2'/31/\—5‘; it fw//ou/& thal

X 2/3, _ X Z/3 4=
Ty Au Rhu VS—@:, “np Ap‘th Vson
IQI'SOJ Smj = Sob and nu = I’ID

Hence,
m A, Rh:/g =A, Rhi/'g, where A, < (Im)(sm)=5m" B =2(Im)+5p=Tm,
so that R’l'o "‘/)y /H, 25m*/7m=0.7/%m.

Also A, = b’; R=3b so that Boy=A, /B = b*/(3b) =4}
Thus, from Eq. () y
(5m) (0.74m)* = b2 (3Lb) ?

or
b=2.2Im
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10.63* The cross section of a long tunnel car-
rying water through a mountain is as indicated in
Fig. P10:63. Plot a graph of flowrate as a function
of water depth, y, for 0 < y < 18 ft. The slope
is 2 ft/mi and the surface of the tunnel is rough
rock (equivalent to rubble masonry). At what
depth is the flowrate maximum? Explain.

FIGURE P10.63
2
@=HKARCS%, where X=149, &= - =0.000379, 0

£280f4
and from Table 10.5 p=0.025

(a) Assume y <12 H Thos, A=12y and P=2y +2

2y _ 8y
so that By = ‘ﬁ 2y+i2 - yt6

Hence,
Q‘oozs (/2}')[ y“] (0.000379)

3
Q-%.o (—;’{‘—67,—,3 , For y<i2 where y~H, g~ )

(b) Assume 12<y</8ft:
Thus, A= (12§)* + JZ(GH)z—A, ,

where from Example 10.5
A= ‘Q‘(e ~sinb) , with cosg = Yz

Hence, from Eq.(3) —12ff —

A= 20/ fi*- (llff) 21 (0 sing)

or y-i2

A=201-18(6-sinb) ft, where @~ rad sft @

Also,

P= 3(2f) +(7f O)(61) = 3€ +6(T-6) H (s)

ﬂUs with ‘Rh P Eys (D, (%) and (5) give

0__ 1.#9 [201-18(6- .smB)J
0.025 T3¢ 44(7- e)]%

(11.15- e+sme)

(3)

[+,

(0. 000379)%

043

, for 122y <8 where O~rad, (e
@~ ‘?‘3, and 6 =2cas'(L12)

For 0<y=<i8f calcvlate Q@=Q() from sjfher Eq. (ard Eq.(6),
(con‘{)
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(con't)

depending on the valve of y. The resvlls from this calcolation are
given below. The maximum flowrate , @y, = 583 £ sccors

at y=171ft . For 171t} <y<I18fl, an increase in depth adds
only liftle 1o the flow area, A, bui greally increases the weffed
perimefer , P. Thus, fhe refarding farce is increased considerably.

800

600

(cts)

400

200

Flow reate,

i & " i ]

10 15 20

Water depth, y (ft)
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= crele
g Co«}crd

5ml ——3m——

10.64  The smooth concrete-lined channel shown in Fig.

P10.64 is built on a slope of 2 m/km. Determine the flowrate 1.0 m
ifthe depthisy = 1.5 m.

FIGURE P10.64

K pp* % 2m
Q=n ARy S, where X<l 8= <50 =0.002, and fram Table Jo.) )
h=0.0l2 :

With y=l5m, A= (3m)(a$ﬂ9) * 3 (3m+6m)(1.om) = £ p>
and B .
P=lsm+3m+0.5m+ (/%+3%)%,, = 8./6m

2
Thus, R, = é = 5%5; =0.735m, and £¢.0) gives

= S >3 i") “'f- = m3
= o012 (6)(0.735)73 (0.002)% = I8.22

~ 10.65 Determine the flow depth for the channel shown in Fig.
P10.64 if the flowrate is 15 m®/s.

2
Q= 7’:)1/93},3 S, , where K=, So'—*gg;,’%,; =0.003, and from Table 0./ 7=0.012
AISO, A=3y+4[3(y-0.9)](y-0.5)= %y’w%y t3  [-3(y-05)0 ¥
and % k\ ’-0.5
P=y+3tost[(y-£ +a(y-+y]* A~ Y
| = y+3.5 +Y10°(y-0.5) = 4/5y+/.92 Gsm
Hence, with By=£ and Q=152 we obtain Fam
-1 2 NG | "ﬁ_
15 = grorz (15v*#.5y +0.375) (478 T2 (0.003)%
or 0.4
2.04(%18y +192)" - 1.5y* -/.5y-0.975 = 0 0
Using a standard root-finding technique, the solvtion to £q. (1) ie found to be
=[22m
y p———————

Vote : Since y <1.5m the water
Note dales nog‘/ contact the |eft

vertical wall.,
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*10.66 At a given location, under normal conditions a river
flows with a Manning coefficient of 0.030 and a cross section
as indicated in Fig. P10.664. During flood conditions at this -
location, the river has a Manning coefficient of (.040 (because (a)
of trees and brush jn the floodplain) and a cross section as shown
in Fig. P10.66b. Determine the ratio of the flowrate during flood 420 1t
conditions to that during normal conditions. i

8 ft

800 ft-

1000 ft ~——
)]
B FIGURE P10.66

Qg = %%ﬂa R:a/zV?: , | w}ﬁere";%) =12 (BooH) %oa f2 B=2(12f)+300f

4
| = 82414,
so that R;) /4 /R,
| = %’aoHZ/( 824 f4) = /.65 ft
AS'/m/'/ar/y,
@ §,=% ”b "/31[76‘ where f, = 20f1(800H) + & ft(1000f}) = 24 000 f}?
| R = 8001 +/000f{ + 2 (20f4) = 1840t s, ﬂiaf
Roy= A /R = 24000#12 /(184 0tt) = 13.04F¢
Thus, from Egs. (Dand(2) with S,,= S ,

/: - ,
@ & 2 AR5, _ _a Ao Riz’?
@a R A Rhus 5, Ny Ay Ry

B)/ using the givan and calcv]eted data,

Ql_i_ _/0.03 )( 2% 0004'42‘) 13, Qy.f.}) 2/3 =2 02

Qa \0.0# 1\ 9,400+ J\7)/ 35+
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10.67
g e - Congrete

10.67 Repeat Problem 10.64 if the surfaces are smooth con- ) ;f;n o ® :

crete as is indicated except for the diagonal surface, which is N

gravelly with n = 0.025. ' 3m

FIGURE P10.64
L% z/3
Q Qg"'@z ‘&/4 R}, 35 n,_/q o wbere K= l 5 =0, 002 (n

n, =0.025, and from Table 10.1 Ny = o 012

Rlso, A =%(1om)(3m)= 150 m* R =(1.0 430"k = 3./6m

ﬂ: - 1.50m2 JPY
and or ﬁzl B 28m 0. »f75/)7
| A, = (3/'7)(/ 5m)=45m* R =05m*3m+.5m=5m

=_.£,__‘;/_§I_n_,
or/?/, ) e 090/;1

Hence, from Eq.(D:

Q-Oozs(lso)(o 475)%(0.002" +o
or ,
Q=173 L&

24 )
572 (45)(0.90) 3(0.0023/“

Note: With all surfaces copcrete , Q=182 2° (see Problem 10.6%),
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10,684

Rubble

10.68*  Water flows through the storm sewer
/ masonry

shown in Fig. P10.68. The slope of the bottom is
2 m/400 m. Plot a graph of the flowrate as a
function of depth for 0 <y < 1.7 m. On the same
graph plot the flowrate expected if the entire sur-
face were lined with material similar to that of a
clay tile.

~~Clay tile

FIGURE P10.68

@) For 0=y =0.5m The flow is the same as that iy a circolar pipe.
Thos, from Examp/e 10.5 W/#) O=lm, X=1, and n=0.014 (Table /0.1)"

0_ S (6- S/ﬂe) 2m ‘i(l) 5 (6- smek)’"‘;/g
n=e 8 (4)”—* 0% oo (Foom) g n ot

or

@=0.251 ’('9_—”‘)?26 s , where O~rad

‘ + (n
and 9= 3 gos! 0,_1) o.s;-y \ /{9>\/'
\)}_/

(b) For y=0.5m: y 2.5m — "
Q"’Q[ + Qg ; W/)BI"G | y-0.5
0= m AR % with n=0.00%, "kia \"_’/ 20

A = -22(0,5,,,) 20393m*  P=7(0.5)=1.57m s, that

> = A _0.393m* -0250
Rh' P T 57m ’ m

Thus, ,
€= 0,4(0 393) (0.250) (‘Ma =0.787 &
/4/50
A, R with n,=0.025 (see Table 10.1) (2)
”2 ha o s A3

/) =(2.5m)(y-0.5) =2.5y -125 qnd B=2(y-0.5)+2(£)=2y+0.5

//eﬂce with Rb:.' '2: 5 Eg (2) beco/ﬂes

5
= 0.025 L5z (2. sy-1.25)"2 (?:yio.s)% (‘7‘020 )Ji =J3.0 %);%52%2
Therefore,
Q=0.787 +/30(_(L+‘3‘2_5.5,,3 2 for y20.5m | (3
Plot Q=Q(y) for 02y =<.7m uvsing Egs. () and (3).
(con't)
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10.68% | (con't)

3

If the entire surface were lined with material with n,=n,=0.0/4,
Eqn. (D) wosld remain valid. The coefficient “13.0" in Eq. (3) wovld

025 .
become 13.0(——"—8'3/4): 23.2. For this case,
>/
-0.5 3
Q =0.787 +23.2 &(*5:5'—5%2/3 L for y20.5m @

This result is also plotted (i.e. @ from £q. ) for 0<y<0.5 and
Q from Eq.(4) for 0.5<y<17m),

With n = 0.025 for part of the channel

v, m Q, m3/s
0.0 7.552E-11 0.9 2.407E+0Q
0.1 3.293E-02 1.0 3.010E+00
0.2 1.381E-01 1.1 3.649E+00
0.3 3.089E-01 1.2 4, 315E+00
0.4 5.315E-01 1.3 5.003E+00
0.5 7.870E-01 1.4 5.708E+00
0.6 9.837E-01 1.5 6.426E+00
0.7 1.367E+00 1.6 7.157E+00
0.8 1.853E+00 1.7 7.897E+00
With n = 0.014 for the entire channel
Yy, m Q, m3/s
0.0 7.552E-11 0.9 3.678E+00
0.1 3.293E-02 1.0 4.75LE+00
0.2 1.381E-01 1.1 5.894E+0Q0
0.3 3.089E-01 1.2 7.083E+00
0.4 5.315E-01 1.3 8.310E+00
0.5 7.870E-01 1.4 9.568E+00
0.6 1.138E+00 1.5 1.085E+01
0.7 1.822E+00 1.6 1.215E+01
0.8 2.689E+00 1.7 1.348E+01
i5
Q
ﬂf
S
K]
s L 5
By tion
0 =
0] 0.4 0.8 )2 1.6
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/0. 69

10.69 Determine the flowrate for the symmetrical channel
shown in Fig. P10.40 if the bottom is smooth concrete and the

oy Swarmine e flowrats for the chann 54 3 s
sides are weedy. The bottom slope is S, = 0.001, \s/l"*'"v‘fi A’

LA
Q“ Qf"@g. "'@3 = 0,"'209.’ Where Q ='i)")<; /4 Rfl% oz w/#) K=/49
H/SO A, = B4 =12 f1% | A, = 4 (3f)(4A) = 6,0/2 F =4 and B=5H,
sothat By= A= 282 C5py g By = 2 T

Hence, with n,— 0.012 and N,= 0.030 (see Table 10.1) we obtain:

Q"égfz (12)(3)° (0.001)'/34(%/ Z-f'o (6)(1.2Y (0.00)% = 119 ¥
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10.70  Water in a rectangular painted steel
channel of width b = 1 ft and depth y is to flow

at critical conditions, Fr = 1. Plot a graph of the ' !
critical slope, Sq., as a function of y for 0.05 ft < );

y = 5 ft. What is the maximum slope allowed if : , ,
critical flow is not to occur regardless of the — It —~
depth?

%
V= %Rhs 0%‘) where K=1%49 and from Table 10.1 n= 0.0/4

;Q_/:so, R, =—g‘ = -;}%—,— and with F}‘—v—-y =1, V=1gy
Vs, 24 ) = I)"‘ Jé
VIEEY = g () S or S, =o0ozed[ CHE]T 0
Equation (1) s plotled below. To determine the minimom critical slope
sel %oe o, That is:
-2

Ty y
#1 7T g2yt @)y - (2y+1)*
‘i‘jﬂc :(5'-)(0.00284)[ (2);,“) J [-4( A (;)! (2y4]) J=O

Thus, y =% so that from Eq ()

2 4
S =0.0028%4 —é———( +) = 0.00757
ocmm 6 =

If §,<0.00757 crifical flow cannot occur at any depih.

The following valves are obtained from Eq.(1). Note that

%
Jim S = 0.00284 linm [M] = gnd lim 5 =00
y_’o y-.O y ‘ y-ﬁw

See next page for 7/'4,0%.

(con't)

« ]0-6 9




1070

(con'f)

SOc

0.045

Sec VS Y

0.040

0.035

0.030
0.025

0.020

0.015

0.010

0.005

0.000 +

0.

0

1.0

20

3.0

4.0

5.0

Soc

0.0090
0.0088
0.0086
0.0084
0.0082
0.0080
0.0078
0.0076

0.0074

Soc Vs ¥ (expanded scale)

[~

=0,00

/

{
~

i
o

1= \c}“
N

0.0

0.1

0.3

0.4

0.5
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10.71

10.71 Water flows in a rectangular channel of
width b and depth y with a Froude number of
unity. The slope, S, of the channel needed to
produce this critical flow is a function of y. Show

y (i.e., Sy = C,y, where C, is a constant) and
that as y — 0 the slope becomes proportional to
y~ 18 (i.e., So. = C,/y'?, where C, is a constant).
Show that the channel with an aspect ratio of

that as y — « the slope becomes proportional to

_A_ by
/9150, R, = P T 2)%p
2/
/) X b 3
(3y)% =5 ;yf'g Soc
TbL/S, n"g b

; %

")T{"i)’:: 2—}'%5} Soc’ or So (
4

(_zli_J'_—» ___X- -—/6y a”d

/*/ence, as y—+, y

~ /

bly = 6 gives the minimum value of ..

L= 1, o V=(gy)"

' b
(97)% i—
Thus, ){

, Where S, =critical slope

ng ){(2y+b)4j'g
X%, Y

S0, Gs) (167 =(I6 bn"’g )y =6y

As y =0, _L,(Z o)

Soc '_’( X b7,

To defermine the minimun

dSOC

dy 2 -—( b%) (_L)[ (2 y+

(2)’+b)3 [8)' ~(2y +b)]=

Thus,
y=2

b#

y sof/mf
b_‘:‘%-_- Ca
('y) e

ds.
g Soc J

-2/
3[ 4(2y+b)*(2)y - (2y+b)* ] -0
y* |

(2y+b)*]

S

calcvlate -“‘a—y"‘ =0 from Eq.(1)"

)
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10,72

10.72 Water flows in a rectangular channel with a bottdm

slope of 4.2 ft/rin and a head loss lof 2.3 ft/mi. At a section
where the depth is 5.8 ft and the aver age velocity 5.9 ft/s, does ~

the flow depth increase or decrease in the direction of flow?
Explain.

hL_ 23ff o - #%2f
Tig0fG » 0 5280f

‘ 594
= = S =0.432
(g W’“ [(32.2 B8 H)] <

X | ~(0.432)7
There is less head loss ﬂmp change in elevation for 7’/)/: w/)m//ca/ f/ow.
The flvid speeds up and gets shallower-

=-0. 000‘%‘4%2 <0 The f/ow depth decreases in f/w d/redlm

|
i
|
|
|

10,73

i
‘

10.73  Water flows in the river shown in Flg
P10.73 with a uniform bottom slope. The tptal

head at each section is measured by using P}ltot , s /7/’/7/77/7/7;7
tubes as indicated. Determine the value of 2y = 620.1 ft l . 4
dy/dx at a location where the Froude numbe;r is 23 = 628.3 ft 2y = 618.7 ft
0.357. | xp — x = 4100 ft 23 = 625.0 ft

Lo '  FIGURE P10.73

h _ #5-24 _ (628.3-625.0)ff
the figure Sf X,=Xa — ~ 4/ooff

. 2/-Z (520./-5/9.7 f
0"5{= 8.05x/0 qm/SO:- 7 2= 25 4700%] )i

Thus,

dy _ 8.05x0 7.3, t//x/o
ax - |- (0.357)

_S’Z*_S_f”_-?o , where from

= 3.64/X/o’4

-0.000532 (z.e.,2-81;,,£§>
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10.74 Repeat Problem 10.73 if the Froude number

is 2.75.

2
23
X2

P4
= 620.1 ft L
= 628.3 ft — 2 = 618.7 ft
- x; = 4100 ft 24 = 625.0 ft

FIGURE P10.73

YW 5% where From Hhe fi o b #m2e _ (620.3- 625

= 2 gure §p =t = Fa=2¢ _ (628.3-£25.0)ff

xR ETT T R #l0ofl
..4 - - \ -

or 5;=8.05x10" gnd = .272-'3 _ (6201 '6/3"’7){* = x5

Thus 4100

?
dy _ e.osx15 -3.41x00% | 5
& T =(2.75)% == 7.07x10 - r(d.e9—0.373,-£{.)
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10.75

Ty, V32.2 fs%0.5 1)

Thus, with Fr>1 there covld
If so, then

So that
Yo, =2.38y,=2.36(0.5f1)= 1./

10.75 Water flows in a horizontal rectangylar channel at a
depth of 0.5 ft and a velocity of 8 ft/s. Determine the two
possible depths at a location slightly downstream. Viscous
effects between the water and the channel syrface are negligible.

Fr= e 8fis = 199

be a hydravlic jump withy,>y, =0.sH,

B =4[ 14VT78m2] = 4[- 1477801997 2.36

& ft

Hence, either y,=0.5# (HﬂJU’nP) or yz //8H (with jmp)

|o-74




10.76

10.74 A 2.0-ft standing wave is produced at the bottom of
the rectangular channel in an amusement park water ride. If the
water depth upstream of the wave is estimated to be 1.5 ft,
- determine how fast the boat is traveling when it passes through
this standing wave (hydraulic jump) for its final ‘‘splash.”

'Z”=z"[-'l+‘/l+8Fr;z] \/'7/1%7777777;-
or (% 0;‘2;15#).;21-[—]4-/“5'%1] V
. {
T/ws, Fry=1.97, or since Fr, = W

V= Fr, V3 = /77/@ ':zl_g*a)(}.sff)' =/3.7-§t

10. 77

10.77  The water depths upstream and down-
stream of a hydraulic jump are 0.3 and 1.2 m,
respectively. Determine the upstream velocity and
the power dissipated if the channel is 50 m wide.

*');72 = ;ﬁ;’; '2[/""/1*8)'7; ] or Fr,=3./6 Thus, since Fr,= —%,,2
it follows that V= (3-/5)[(?.811)(0 3!»)] =542 o

The power dissipated is given by
P=00h, where = |- 2Bl (1-(3P)

Y

or
_ Lzm  (3.16)* _/0.3m _
h.= (O.Bm)}:]-— o3m T 2 (1 Y2 :z.m) ] =0.50%m

Also, @= AV, =y, bV} = (0.3m)(50m)(5.4212) = 813 L
Thus,

P = (‘78 3)(8.3 2 ") (0.504m) = 40/*—”}"—" = 40/ kW
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/0.78_

| W78 Under appropnate conditions, water flowing from a
-faucet, onto a flat plate, and over the edge of the plate can pro-
duce a circular hydraulic jump as shown in Fig. P10.78 andﬁ
Video V10.6. Consider a situation where a jump forms 3.0 in.
from the center of the plate with depths upstream and down- |
stream of the jump of 0.05.in. and 0.20 in., respectively. De- |
termine the flowrate from the faucet.

0.05in. 0.20 in.

B FIGURE P10.78

For a hydravlic jump:

5 = tlisier ] o

0.20i0. _ L1 75F>] so that Fpy= 306 =

() 05 n-

Thys,
V = 3.6\ s2.2 8 (o0s/) = /.16 &

and f
Q=AY =27R )V, = 27 (B H)(SFEH) (11 E) =0.00757 &

V

s

F3

]0~76
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10.79 Show that the Froude number down-

stream of a hydraulic jump in a rectangular chan- :
nel is (y,/y,)*? times the Froude number up- v, —t )" —Y
stream of the jump, where (1) and (2) denote the — % s
upstream and downstream COﬂdl(lOAS, respec- TRTTTTTTTT
tively. ,

F"z:(?}‘,f)% ,w/)ere \M,‘léﬁz,or %‘%VI )’lv

Thus, ( i )

Fr, =

(Y~
* (gn)* o )(9»)Jﬁ fence, F""(Z’E) o
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10.80 l

10.80  Water flows in a 2-ft-wide rectangular
channel at a rate of 10 ft3/s. If the water depth
downstream of a hydraulic jump is 2.5 ft, deter-
mine (a) the water depth upstream of the jump,
(b) the upstream and downstream Froudge num-
bers, and (c) the head loss across the jump.

(@ Use %o d]jT76F7]
=yVI+8f*  Now, with Fr,” =

- 0.776 776 we obtain

5+yl
OI‘F
Sty =y, D +8(0 776)]

—4 7 y-25g

’ y z "‘"Vz

’//1////// 7T T TTI7

)0% b~ width= 2 f}

Y

wn% n =251 so that
(@/ by _ (10/(2y)
97 gy = sz.z2y !

By squaring both sides and simplifjing we

obtain y*+2.5y,-0.621=0 which gives y,=0.228 i

(b) From the above resvlfs

t__0.77 _ 0
= toazey® o Fni=8.99
Also, " o

= Q = 10 = 2-5 Y
Vo= Az = s~ 20F s that Fnm g, A [G2.28)(2.5()]

or
Fr,= 0.223

(©) Also, e o
 h=y[1- e B -] =02msi]- S3s+ 5 (1-(%228))]
or
h=5.5ft
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/0. 81 |
10.81 A hydraulic jump at the base oﬁ a spillway of a dam o
is such that the depths upstream and dowbstream of the jump m Va
are 0.90 and 3.6 m, respectively (see Video V10.5). If the spill- Y, “—"y =0.9m Vo= ?3-,-37”»
way is 10 m wide, what is the flowrate over the spillway? ! 1= 42— 3.
a TIIW 77777777777
b=100m
Yo _ 2 3.6m ’y
5 =t WI8RT ] or o = [ WieaRT]
ence, Fr,=3.16 | but Fo=Yor 5o thal
H (A ) / ) b ! (9 yl)yz.
: m % m
V= 3.6 [(281%)(09m) = 9.30 2
Thus, s
@ =AY < by V=(10.0m)(09m)(9395") = 8452
 10.82 |

10.82 Determine the head loss and pé)wer dissipated by the

hydraulic jump of Problem 10.81.

- Frlri_( Y\
b= w[1- 7+ 3 0=(%))
Hence, Fr,=3.16 so that

_ _3.6m ,(3.16)*
hL“(O'q”')[' oam ¥ —5—(

Alsa, P=2Qh, , where
Hence,

2= (9.60 XL, ) (09m)100m)(

|, where from¥e =242 L[ i ]8R]

1~( %%)")]: 151 m

J
= (’gy,)Ji Fr, = [(?,8/3”%.)(0.%)] /’(3. 16)=9.392

qﬁgq!s!'_)] (151.m)=12, sooiﬂg__'ﬂ = |2,500kW

I 0 "77




10.63 o ]

10.83 Water flowing radially outward aloné a circular plate
forms a circular hydraulic jump as is shown in Fig. P10.83a.
This is shown easily by holding a dinner plate under the faycet
of the kitchen sink (see Video V14.6). (a) Sket¢h a typical spe-
cific energy diagram for this flow (see Problem 10.12) and lo-
cate points 1, 2, 3, and 4 on the diagram. (b) Which of the wa-
ter depth profiles shown in Fig. P10.83b represents the actual
situation? Explain. [

FIGURE P10.83

From Problem 10.12 the specific energy diagram for this radial flow is
shown below,

\Subcri{fml

increasing’- ="

r..- \ supercrifical

_ Increasing 5%7—
e increasing r

//'/’,/’ \\

Upstream of the jump the flow must be supercritical so (1 and (2)are
located. Enerygy is conserved— E,=E, ., The depth decreases from (1) o (2
Tnthe jump energy decreases — E3=E,<E,. The flow is svberitical
downstream of the jump and the depth increases. (See the above graph.)

Thus, the flow is like the following:

| =

D
| W— 2
’//// PPl 777777777 77777
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10.84

i
|
|

10.84 At a given location in a 12-ft-wide rec-
tangular channel the flowrate is 900 t3/s and the
depth is 4 ft. Is this location upstream or down-
stream of the hydraulic jump that oécurs in this
channel? Explain. l

|
s
\

_qo0fE _ |
V== i =187 # o that Fr = (9)')‘"

Since Fr>1, the Jocation is Upﬁréarm of the Jump

B

18.75%

" [z 2 )

]4 =/65

10-8!




10.85%

*10.85

- jump as a function of flow
width b = 10, 20, 30, and 4

P=00h, | where h,=y,

and

L2 _L
vz
Also, V.
Fry ﬁ;‘éj‘y, , where
c L )
!

[(32.28)(.551)]%
h, = (/.5)[1—(—%—)**(0-00
and from Eq.(2)

A rectangular channel of width b is to
carry water at flowrates fron ]
The water depth upstream of the hydraulic jump

. that occurs (if one does occ
ft for all cases. Plot the power dissipated in the

130 = Q = 600 cfs.

rate for channels of
0 ft.

1=+ o (1-(30)]
[..Hm] , provided Fr;>0
V=t =135 so that

= (0.0959 % /'/eﬂae, from Eq.(1)

460)( &) (1=(L )] #, where bt

21 (oo (g

For the given valves of plot 7 from

P= 52""% %ié for 30<Q <600 ﬁJA
Note : If Fr, <l fbere is ng jump and P=0 . From above, Fr;=|
when Q= ) oqsq = JO.4 b
Let @ ="flowrate when Fr,=/. From Eq.(6) we obtain
b, ft Q£ £
10 104
20 208
30 3/2
40 416 |
With b=102030 0r40ff calcolate and plot P from:
Q) 70"0 if §<§,

B 2= 624 Qh, f——é
y"" from Eq /4) /

, where oblain h, from Eq. (3) with
f Q=Q@<so0d

| (con’t)

v *Tw
ur) is to remain 1.5 I —>y =154 2 Vz

(1

(2)

o~

~

3)

4

(5)

(¢

[0-82




10657 Caon'P)

The resuvlts of the above calci

dations are plotfed below.

P, ftib/s

1.E+06

1.E+05 +

1.E+04

1.E+03

1.E+02

1.E+01

1.E+00

/”/
—
//‘ o -7
yd =T
L -
P 1 -7 .
P ”
/ / . -
P .
”
e :
/// / Py - b=10ft
'/ ‘ p 7 s —_——b=201ft
r. -' / -
e g O N BN CEEE b=30f
/] 7/ —-—-b=40f
_ +
:’ : R4
] ; /
/ /
¥ ]
! . ,
I : !
i N 1
I .
0 50 100 150 200 250, 300 350 400 450 500 550 600

Q, cfs
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10.86  Water flows in a rectangular channel at
a depth of y = 1 ft and a velocity of V %é 20
ft/s. When a gate is suddenly placed across the
end of the channel, a wave (a moving hydraulic

jump) travels upstream with velocity V,, as is in-
dicated in Fig. P10.86. Determine V,. Note that

this is an unsteady problem for a stationary
server. However, for an observer moving to
left with velocity V,,, the flow appears as a ste
hydraulic jump.

For an observer maving to the left with speed |, the flow qppears as shown below
Thus, treat the flow as q jomp with

Fr, = Vi (20+ V)
gy T [(32.2Eh)() )]
or-

Fr,=0.176 (20+Vy)
/)/so A=A, Vz,or

Y

7

Ny

—-— o — 20

.Vl*z-.o.g*\/w ; Vz Vw
| a
_ Vi _ 20+,
V2 W @

*“'[ | +/1+8F* ] which when combined with Egs.(1) and (2) becomes

ob-
the
ady

FIGURE P10.86

Mmff N

20+,
Vv

or

2(20+Y,) + Yy =V, (1+(o
or 2

(40+3V,)" = Y [1+(0.2
0.248 Vi, +9.92 Koz

By using a standard root-

/s determined to be V

w

)|

= %[—-H\/I +8(o.175)2(zo+vw)"]

e ———
——

)
248)(20+Y, )‘7')/2

48)(20+ Vw)z_] which can be written as

-240V,-1600=0 (3

finding program  the solution to Eg.(3)
4.36 fifs.
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10.87

10.87 Water flows in a rectangular channel with
V = 6 m/s. A gate at the end of the channel is sudden
o that a wave (a moving hydraulic jump) travels upstr
velocity V,, = 2 m/s as is indicated in Fig. P10.86. I
the depths ahead of and behind the wave. Note that

unsteady problem for a stationary observer. Howev

observer moving to the left with velocity V,,, the flo
as a steady hydraulic jump.

am with

his is an |y
1, for an 7wy
appears

SIS,

FIGURE P10.87

Faran observer moving to the left with speed Y, = 28 the flow appears

as shown below.

Thus, treat as a jump with

V=8%,6 V=2%
Since A,V,"szz or %“

O O - B

=V
However, Fr,= (;';,,—)gg so

=V+Y,= 8
v V'W % S ; \4_=Y!/=2§'"

—_— 2
=4 jf follows that

V-

v _8%
V. " 2%
Hence, Fr, =3.16

that

1 oglt T (q.818) (3
and

yz=4% = 4(0.652”7):2,

[

) = 0.652m

sl m

foccs s ——
—
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Q=C,, 227 bH*

with
H= 5 ft - 4.5t =0.5
Hence, Cyp=0.611 +0.075 () =0.619

ft, determine the flowrate.

0.5ft

and

14188 ~ Water flows over a 5-ft-wide, rectangular sharp-
crested weir that is P, = 4.5 ft tall. If the depth upstream is 5

, where CW,.-'—0.6N+O.075(-;>;

Q = (0610) (%) (2 2.2EL))% (54) (0.5 8 = 5.95 &

10.89

10.89 A rectangular sharp crested weir is used

to measure the flowrate in a channel of width 10 Q=5 0}‘_{3

ft. It is desired to have the channel flow depth be
6 ft when the flowrate is 50 cfs. Determine the
height, P,,, of the weir plate.

Q=‘Cw,_%VZgﬁbH3/2, where H=6ft-F, and

Cyr = 0.6l +0.075 H

Fu
Thus,

Q=(0.61 +o.o75(6;v’:"')) (%)(z;)"b (6-B,)

or

s0dt’= =(0.611+0.075 (6 “A)) (%)(64‘.‘/{%)% (10ft) (6-R,)

Hence,
3
[8 15 + L52 R")](é )/ -12.5 =0

»

, where By~ 1t

By vsing a standard root-finding program, the solvtion to Eq. (1)

is found to be B, = 470f}.

(n
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/0.90

10.90  Water flows from a storage tank, over two trian-
gular weirs, and into two irrigation channels as shown in
Video V10.7 and Fig. P10.90 The head for each weir is
0.4 ft and the flowrate in the channel fed by the 90-degree
V-notch weir is to be twice the flowrate in the other chan-
nel. Determine the angle @ for the second weir.

Q= Cut = 4an(£) V25 H™
where

0,=90", H,=H, =041t and Q=

77)1/.&; from }‘77 [0.25,
le, = 0.590
From Eqs(land (2),

£ S
Cut, 75 tan (%) Vg H™" = Cup, B tan (%) V2g Ho ™ x2

or
0.590 tan %8° = Gy, fan (9{‘ )x2
or

Cm;z {an (-—95_-% ) =0,295

Trial and error solvtion® Assome G = 20°, From Fig. 10./8, Gy, = 0.626
T/ws, O”’"z tan (-%’—) =0.626 tan (/0’) = 0./10 = 0.295, 721/43 &, +20

Repeated tries result in he graphbelow from which we conclyde that

6,=53°

o4+
0.3
Cwéz fﬂ”(%‘ )

0.2

0.l

0

m FIGURE P10.490

20,

20 30 40

RY/] .{/]

(n

(2)

(3)
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0.9/

l(‘l.ﬁfyl Water flows over a broad-crested weir that has a

~ width of 4 m and a height of P,, = 1.5 m. The free-surface well
upstream of the weir is at a height of 0.5 m above the surface

of the weir. Determine the flowrate in the channel
minimum depth of the water above the weir block.

Q = wa b 17(‘32;)3/2. H % where

5
Cwp = (—”—H-’i , = (___,+70__E%’;W_5'72 = 0.563

Thus,
Q-‘-’ (0.563) (4%m) (q'al%‘)i)'/z(

Also,
Yin = Ve = %H = (%)(0'5

nn) = 0,333 m

f U —

N Hgo,sm\,j_yfﬂ%_\
and the ¢ '7:77777%% ;,3”/74_50)
b=4m
34 3 3
—%’) 2(0.5m)/2= .36 &

[0-88




10.92

10.92 A broad-crested weir with a height of 2.0 m is placed
gcx(!;)% a 6-m-wide channel. Determine the flowrate if the head
is 0.30 m,

3
Q= Cwb b@ ( ) 2.,_/3/1.} where H=0.30m aﬂdcb"'() !‘5/(I+H/p )}5
Thos, Cyy = 0.65/([1"(0,301”/2.0/»)) %20,60650 that with b=6m,
Q=0.606( ém)]ﬁ[w 2 ( -32’)3/2( o 3"”')3/2 = 1. 01%7‘3

10.93

10.93  Water flows under a sluice gate in a

channel of 10-ft width. If the upstream depth re- ‘

mains constant at 5 ft, plot a graph of flowrate as 67__.. _i.a
y=5f &

a function of the distance between the gate and
channel bottom as the gate is slowly opened As- TIPTTIT X7 77777

sume free outflow.

Q=gb=bGalzgy , where y,=51t, b=10f1, and Gy is from Fig.1022

Thus, v ,
Q= C(loH)a[Z(SM (5] = 17960 &, where a~fl

3
a, ft| 2| ¢ Q& _—
0 o0 0.6 o (’:i
0.5 10 0.58 5.9
1.5 3.33 | 0.53 142
2.0 2.5 | 0.51 ] 83 %L
2.5 2 8.50 224
250 |
200 /,/
o 150 //
@ 100
50
0

0.0 05 10 1.6 2.0 2.5
; a ft
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10.94 (a) The rectangular sharp-crested weir shown in Fig.
P10.944 is ysed to maintain a relatively constant depth in the
channel upstream of the weir. How much deeper will the water
be upstream of the weir during a flood when the flowrate is
45 ft°/s compared to normal conditions when the flowrate is
30 ft’/s? Assume the weir coefficient remains constant at T
Cwr = 0.62. (b) Repeat the calcylations if the weir of part (@) is (a) (b
replaced by a rectangular sharp-crested “duck bill” weir which BFIGURE P10.94

is oriented at an angle of 30° relative to the channel centerline ‘

as shown in Fig. P10.94b. The weir coefficient remains the same.

In either case | —
Q=C,, 21zg bH™ = 0.62(5)|2G2.2 fi/s*) bH*%

or | ,
Q = 3.32bH™* whers @~ % when b~ f+ and H~ i (0

(4) From Eq. () with b=2011if Q=305 then
30=3.32 (20 /% or H,=0.589 ft

If @ =455, then

o 3/

45=3.32 (20) H%ZJ or Hy=0,772 ft

Thus, Al=H, -H, =077211-0589f = 0/83 1/

(b) FromEq. (1) with b = 2 (10)/<in 30°= 40ft jf Q=301 then
30r3.32( ¢0)/'£:/i or /{,0 = Q,37/ ft
If Q = 45 4%, then
45=3.32 (9‘0)/7;:% or //% = 6‘36 ft
Thus, ot = H~H,, = 04861t -0.37/f = 0.1I5 fi

3

Note that the )'a/Uck bill" weir 7’1’“ asmaller change in the head than
does the "reqular” weip.

]0-90
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1095 Water flows in a rectangular channel of
width b = 20 ft at a rate of 100 ft*/s. The flowrate
is to be measured by using either a rectangular
weir of height P, = 4 ft or a triangular (6 = 90°)
sharp crested weir. Determine the head, H, nec-
essary. If measurement of the head is accurate to
only *0.04 ft, determine the accuracy of the mea-
sured flowrate expected for each of the weirs.
Which weir would be the most accurate" Explam

(@ Rectangvlar weir:

Q= (o.n+0075(4 ) (5 )Vigbh' % where R,= 411
Thus,

Q=06 +0075()] (5)[2(32.2 )]%(z,o#) W%

or

Q=107 (0.611+0.0188H) H’ ?, where @~ and H~ft ()
W:H) Q<1008 this gives 0.935 = (0.6l +o. o188 H) H
(325+H)H"i—497—0\ | (2)

By vsing a standard roof- fmdmg program, the solviion to £q.(2) is
delermined o be

H= /. ‘zwﬂ

(b) 7}~/angu/ar' weir

Q- W* 15 7% fan (z)VE;H = Uit (?)(hm 45")[2(32 2ﬁ )] H5/z

Q 428 CmH wbem H~1tt and Gy is from Fig. 10.25 (2)
For @=/00§L) assome Cw,z, 0.58 so that
428 (0,58)H5/" , or ﬁ/./== 439ff  Nole : The assumed C4=0.58
checks (see Fig. 10.25)
Calcvlate § forH=Heoo, Hjt0.0%, and H,,~0-0% from Egqs. (1)and (2):

(Recfangular) H, I Q,cfs (Trmnqular) H, I Q, cfs
|.254 95.3 | 4 35 q8.0
Hoo=1.294 | 100 - Hoo= 439 100
1.334 | 1049 4. 43 102.5

With Hto.04f it is seen that frmnqu/ar weir is more accurale
(i.e. smaller variation inQ).

10-9/
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16096 Water flows over a triangular weir as shown in Fig.
P10.96a and Video V18.7. It is proposed that in order to in-
" crease the flowrate, Q, for a given head, H, the tﬂangulqr weir
should be changed to a trapezoidal weir as shown in Fig.
P10.96b. (a) Derive an,quation for the flowrate as a function of
the head for the trapezl}ndal weir. Neglect the upstream veloc-
ity head and assume the weir coefficient is 0.60, independent
of H. (b) Use the equation obtained in part (a) to show that — R
when b << H the trapezoidal weir functions as if it were a (a) b)
triangular weir. Similarly, show that when b >> H the trape- : FIGURE P10.96

zoidal weir funcnons as if it were a rectangular weir.

(a) Q"CJMZ[dh Whe/’e Uz ﬁ/’
; A
and
L=b +204-h) =(24b)- 2/7

Tﬁﬂs
Q- qj V2gh [(zmb) zh]db

37 (244b) f V"/h—c”rg (2) f h%dh
_.er (24+5) 2 % -, @ 2 o

() @-—c,,,[;yz;b//1+,r// W2 whers G, =04
| Nofe: This equalion is simply ) Fhe som of § Jor arectamgolar weir
and @ for 4 fr'mnqzl/d/' woir.  Thatis Q@ = Q + Q

(b) From Egq. ()
3
Q=culzg H2[2b +2 ]
<
Thus, /f b<<H, Q= CWV} V4 [/é—f //] = ¢, V23 fg’—ﬁ//" Which s
Hhe eym‘/m for a friangvlar wiet.

Similamly, if 6>>4, @ = Cu 2 25 b2 4% which is the equatinnl for
a rectangvfar weir.
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. 2.20
240
. 2.50
| 2.60
| 2.80
| 3.00
3.50

10.97 |

10.97 A water-level regulator (not shown) maintains a depth of
2.0 m downstream from a 10-m-wide drum gate as shown in
Fig. P10.97. Plot a graph of flowrate, Q, as a function of water
depth ypstream of the gate, y,, for 2.0 = = 5.0m.

B FIGURE P1Q.97

Q=bg=5bGCaV2gy where a=/m and b = 50ff (0.3048%F)=/52m

T/)US, - 3
Q= (152m)C (mV2(4.81B)(y,m) = 673 Gy 2 where y~m

Obtain Cy from Fig. 10-2%with 2 = 2.

yl/a Cd Q, mA3/s
2.00 0 0.0 -
220 0.25 25.0

2.40 0.35 36.5
2.50 0.42 44.7 ,
2.60 0.47 51.0 Qvey,
2.80 0.53 59.7 j
3.00 0.53 61.8 | 90 -
3.50 0.54 68.0 i )
4.00 0.545 73.4 80
4.50 0.55 785 | 20
5.00 . .8
0.55 828 ¢ Drowned outflow
60 ,
B Free outflow
2 50
E
o 40 L
30
20 Ii
10 {
0 &
2 3 4 5 6
yi,m
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10.98  Calibration of a Triangular Weir

Objective: The flowrate over a weir is a function of the weir head. The purpose of this
experiment is to use a device as shown in Fig. P10.98 to calibrate a triangular weir and de-
termine the relationship between flowrate, 0, and weir head, H.

Equipment: Water channel (flume) with a pump and a flow control valve; triangular weir;
float; point gage; stop watch.

Experimental Procedure: Measure the width, b, of the channel, the distance, P,, be-
tween the channel bottom and the bottom of the V-notch in the weir plate, and the angle, 6,
of the V-notch. Fasten the weir plate to the channel bottom, turn on the pump, and adjust the
control valve to produce the desired flowrate, Q, over the weir. Use the point gage to mea-
syre the weir head, H. Insert the float into the water well upstream from the weir and mea-
sure the time, ¢, it takes for the float to travel a known distance, L. Repeat the measurements
for various flowrates (i.e., various weir heads).

Calculations: For each set of data, determine the experimental flowrate as Q = VA, where
V = L/t is the velocity of the float (assumed to be equal to the average velocity of the water -
upstream of the weir) and A = b(P, + H) is the flow area ypstream of the weir.

Graph: On log-log graph paper, plot flowrate, Q, as ordinates and weir head, H, as ab-
scissas. Draw the best-fit line with a slope of 5/2 through the data.

Results:  Use the flowrate-weir head data to determine the triangular weir coefficient, C,,,
for this weir (see Eq. 10.32). For this experiment, assume that the weir coefficient is a con-
stant, independent of weir head.

Data: To proceed, print this page for reference when you work the problem and click here
to bring up an EXCEL page with the data for this problem.

® FIGURE P10.98

(cont.)
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(con'f)

Solution for Problem 19.538: Calibration of a Triangluar Weir

0, deg
90

H, ft
0.231
0.224
0.211
0.192
0.176
0.156
0.136
0.106
0.091
0.088

b, in.
6.00

t s
8.2
8.5
10.7
12.5
16.5
19.5
27.1
48.2
62.9
68.1

PWI in Lv ft
6.55 = 150

V, ft/s
0.183
0.176
0.140
0.120
0.091
0.077
0.055
0.031
0.024
0.022

Q =VA=V*b(P, + H) where V = L/t

Q = Cy (8/15) tan(6/2) (2g)"? H*? where from the graph

Q=276 H*®

Thus, Cyt = (15/8)*2.76/(2*32.2)"2 = (0,645

Q, ft*3/s

0.0711
0.0679
0.0530
0.0443
0.0328
0.0270
0.0189
0.0101
0.0076
0.0070

Q, ftr3/s

0.10

Problem 10.98

Flowrate, Q, vs Head, H

0.01 -

Q = 2.76H%*5

0.1

H,fft

¢ Experimental
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1099  Calibration of a Rectangular Weir

Objective: The flowrate over a weir is a function of the weir head. The purpose of this
experiment is to use a device as shown in Fig. P10.99 to calibrate a rectangular weir and de-
termine the relationship between flowrate, Q, and weir head, H.

Equipment: Water channel (flume) with a pump and a flow control valve; rectangular
weir; float; point gage; stop waich.

- Experimental Procedure: Measure the width, b, of the channel and the distance, P,

between the channel bottom and the top of the weir plate. Fasten the weir plate to the chan-
nel bottom, turn on the pump, and adjust the control valve to produce the desired flowrate,
@, over the weir. Use the point gage to measure the weir head, H. Insert the float into the
water well upstream from the weir and measure the time, ¢, it takes for the float to travel a
known distance, L. Repeat the measurements for varioys flowrates (i.e., various weir heads).

Calculations: For each set of data, determine the experimental flowrate as 0 = VA, where
V = L/t is the velocity of the float (assumed to be equal to the average velocity of the water
upstream of the weir) and A = b(P,, + H) is the flow area upstream of the weir.

Graph: On log-log graph paper, plot flowrate, Q, as ordinates and weir head, H, as ab-
scissas. Draw the best-fit line with a slope of 3/2 through the data.

Results: Use the flowrate-weir head data to determine the rectangular weir coefficient,
Cyr» for this weir (see Eq. 10.30). For this experiment, assume that the weir coefficient is a
constant, independent of weir head.

Data: To proceed, print this page for reference when you work the problem and click here
to bring up an EXCEL page with the data for this problem.

B FIGURE P10.99

 (con)
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10.99

H, ft

(con't)
Solution for Problem 10.99: Calibration of a Rectangular Weir
b, in. Py, in. L, ft
6.00 6.00 1.40
H, ft t, s V, ftls  Q, ft"3/s
0.254 22 0.636 0.240
0.216 2.7 0.519 0.186
0.184 3.0 0.467 0.160
0.162 42 0.333 0.110
0.151 45 0.311 0.101
0.111 6.6 0.212 0.065
0.060 15.8 0.089 0.025
0.046 23.8 0.059 0.016
0.031 38.4 0.036 0.010
Q = VA = V*b(P,, + H) where V = L/t
Q = Cy, (2/3) (2g)"? H*? b where from the graph
Q=179 H"®
Thus, Cyr = (3/2)*1.79/(0.5%(2*32.2)""%) = 0,669
Problem 10.99
Flowrate, Q, vs Head, H
1.00
) "
(3] : "
£ 0.10 § / |_e_Experimental
g
.
4
/ Q= 1[79H"®
0.01 :
0.01 0.10 1.00

10-97




70.700

10.100  Hydraulic Jump Depth Ratio

Objective:  Under certain conditions, if the flow in a channel is supercritical a hydraulic
Jjump will form. The purpose of this experiment is to use an apparatus as shown in Fig. P10.100
to determine the depth ratio, y,/y,, across the hydraulic jump as a function of the Froude
number upstream of the jump, Fr;.

Equipment: Water channel (flume) with a pump and a flow control valve; sluice gate;
point gage; adjustable tail gate.

Experimental Procedure: Position the sluice gate so that the distance, g, between the
bottom of the gate and the bottom of the channel is approximately 1 inch. Adjust the flow
control valve to produce a flowrate that causes the water to back up to the desired depth, y,,
upstream of the sluice gate. Carefully adjust the angle, 6, of the tail gate so that a hydraulic

. jump forms at the desired location downstream from the sluice gate. Note that if 0 is too

small, the jump will be washed downstream and disappear. If 6 is too large, the jump will
migrate upstream and be swallowed by the sluice gate. With the jump in place, use the point
gage to determine the depth upstream from the sluice gate, y,, the depth just upstream from
the jump, y,, and the depth downstream from the jump, y,. Repeat the measurements for var-
ious flowrates (i.e.; various y, values).

Calculations: For each data set, use the Bernoulli and continuity equations between points
(0) and (1) to determine the velocity, V;, and Froude number, Fr; = V,/(gy,)"/?, just upstream
from the jump (see Eq. 3.21). Also use the measuyred depths to determine the depth ratio,
¥2/y1, across the jump.

Graph: Plot the depth ratio, y,/y;, as ordinates and Froude number, Fr;, as abscissas.

Results:  On the same graph, plot the theoretical depth ratio as a function of Froude number
(see Eq. 10.24).

Data: To proceed, print this page for reference when you work the problem and click frere
to bring up an EXCEL page with the data for this problem.

Tail gate

W FIGURE P10.100

(con’t)

‘ /0"'Q8
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10.700 | (con’t)

Solution for Problem 10.100: Hydraulic Jump l;)i,ept«h Ratio

. Experimental Theoretical
Yo ft yi, ft ¥, ft. Vi, fVSi Fry YalYi Fry Yaly
0.855 0.055 0.404 7.19 5.40 7.35 1 1.00
0.759 0.055 0.386 6.75 5.07 7.02 2 2.37
0.691 0.055 0.367 6.42 4.82 6.67 3 3.77
0.578 0.055 0.337 5.83 4.38 6.13 4 5.18
0.492 0.055 0.308 5.34 4.01 5.60 5 6.59
0.414 0.055 0.280 4.85 3.65 5.09 6 8.00
0.289 0.055 0.233 , 3.95 2.97 424
0.248 0.055 0.211 3.62 2.72 3.84
For flow under a sluice gate:
Vi = [2%(Yo - y/(1 - (y4lyo))]™
Theory:
Yalyr = [-1+(1 +8Fr,%)"*)/2
Fry = Vyl(gy)"™
Problem 10.100
Depth Ratio, y,ly,,
Vs
Froude Number, Fr,
9
8
7
6
- 5 -
% —e— Experimental
> 4 — Theoretical
'3
2
1
0
0 1 2 3 4 5 6
Fr1
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10.101  Hydraulic Jump Head Loss

Objective: Under certain conditions, if the flow in a channel is supercritical a hydraulic
Jump will form. The purpose of this experiment is to use an apparatus as shown in Fi g.P10.101
to determine the head loss ratio, /i /y;, across the hydraulic jump as a function of the Froude
number ypstream of the jump, Fr;,

Equipment: Water channel (flume) with a pump and a flow control valve; sluice gate;
point gage; Pitot tubes; adjustable tail gate.

Experimental Procedure: Position the sluice gate so that the distance, a, between the
bottom of the gate and the bottom of the channel is approximately 1 inch. Adjust the flow
control valve to produce a flowrate that causes the water to back up to the desired depth, yg,
upstream of the sluice gate. Carefully adjust the angle, 6, of the tail gate so that a hydraulic
Jjump forms at the desired location downstream from the sluice gate. Note that if  is too
small, the jump will be washed downstream and disappear. If 6 is too large, the Jjump will
migrate upstream and be swallowed by the sluice gate. With the jump in place, use the point
gage to determine the depth upstream from the sluice gate, yo, and the depth just upstream
from the jump, y;. Also measure the head loss, k;, as the difference in the water elevations
in the piezometer tubes connected to the two Pitot tubes located upstream and downstream
of the jump. Repeat the measurements for various flowrates (i.e., various y, values).

Calculations:  For each data set, use the Bernoulli and continuity equations between points
(0) and (1) to determine the velocity, V;, and the Froude number, Fr; = V,/(gy;)"?, just up-

stream from the jump. Also calculate the dimensionless head loss, hy/y,, for each data set.

Graph: Plot the dimensionless head loss across the jump, hy/y,, as ordinates and the
Froude number, Fr,, as abscissas.

Results:  On the same graph, plot the theoretical dimensionless head loss as a function of
Froude number (see Egs. 10.24 and 10.25).

Data: To proceed, print this page for reference when you work the problem and click here
to bring up an EXCEL page with the data for this problem.

Sluice gate  pyint gage

0

| Hydraulic

jump Tail gate

W FIGURE P10.101

(con’t)

J0-]00
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Solution for Problem 10.101: Hydraulic Jump Head Loss

_ , Experimental Theoretical

Yo, ft v, ft Yo, ft. hy, ft Vy, ft/s Fr, huy, Fr, YalY hoty,
0.855 0.055 0.404 0.364 7.19 5.40 6.62 1 1.00 0.00
0.759 0.055 0.386 0.313 6.75 5.07 5.69 2 2.37 0.27
0.691 0.055 0.367 0.271 6.42 4.82 4.93 3 3.77 1.41

0.578 0.055 0.337 0.201 5.83 4.38 3.65 4 5.18 3.52

0.492 0.055 0.308 0.152 5.34 4.01 2,76 5 6.59 6.62

0.414 0.055 0.280 0.117 4.85 365 2.13 6 8.00 10.72
0.289 0.055 0.233 0.058 3.95 2.97 1.05

0.248 0.055 0.211 0.042 3.62 2.72 0.76

For flow under a sluice gate:
Vi = [2G*(Yo - Y1 - (y+lyo) )]

: Theory:
! hulys = 1= (Yalya) +Fr7[1 - (yaly2) )2
where
Yolyr = [-1+ (1 + 8Fr,?) )2
Problem 10.101
Dimensionless Head Loss, h,/y,
. vs
Froude Number, Fr,
12 :
10 //
8 /
. Y —e— Experimental
< /‘ — Theoretical
/|
%
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10,102 (See “Tsunami, the nonstorm wave,” Section 10.2.1.)
An earthquake causes a shift in the ocean floor that produces a
tsynami with a wavelength of 100 km. How fast will this wave
travel across the ocean surface if the ocean depth is 3000 m?

%
c =[*Z‘.,/";' %anh(f.;\r—z)] , where /{=100k/h =10°m and y = 3000m.

Thus, |
m 5 A
c=[ 98152 (10°m) 4 1/ 277(3000m)
[: 27 *tanb , [-osm = /7/--'}’L
or

o 17y (28205 )( Lhm ) - 616 Lo

- )0-102
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10.103 (See “Plumbing the Everglades,” Section 10.4.1))
The canal shown in Fig. P10.103 is to be widened so that it
can carry twice the amount of water. Determine the additional
width, L, required if all other parameters (i.e., flow depth, 4
bottom slope, surface material, side slope) are to remain the b— 5 ft —efo— L —|

same. ‘ BFIGURE P10.103

Let (), denote the original caﬂa{ and (), the widened canal.
Thus, 2

W = n,,/) R, Vs, and |

(2) G = /} R, /31/- . where N=ly and S
Hﬁnce fram £gs. (Dand (2)

@ S, rzw Aw /?/,1'/31@;; _ A ( Rhw\?

A = - where =2
@, ﬂ R”/.yv—' ’% Rho) ’ Qw &2’5’#-_{

L] '
Also, /)o= L (sttlof)(2t)= /5 4> 244 //\
_LY/

B= &t +2(3:20)= IL4H, 5o hat ,
Ry <Ay /B =15t/ 1Lt = 1314 4 A=[2.6%+2"] "ft=3.20ff

and
" A, =-z-’-[(5ﬁ¢ +L) +(10f1+ L)](zﬁ)z (15 +22) 17

R, = St +2(3.201) (/.4 L)1t so that
R’"w= Ay /B, = (15+2L) /(11424L)

Hence, from Eq.(3) with Qw =2
(I5+2 1) (’5+2L)/(" % *5
“ 2= [ v H'W“] , where L~ ft

15 1.316

By vsing a standard root-finding program, the solytion to Eq. (4) is
determined to be L= 5.9% ft
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10.104 (See “Done without a GPS or lasers,” Section
10.4.3.) Determine the number of gallons of water delivered per
day by a rubble masonary, 1.2-m-wide aquedyct laid on an av-
erage slope of 14.6 m per 50 km if the water depth is 1.8 m.

Q=+ARVS,

where A = 1.2m (1. 8m) =2./8m* and
P=12m+2(1.8m)=4%8m 5o Hhat -

— I m= '
R/, =A/P = (2.Mm7')/(/7‘. dm)=0.%Som /-2 m—>|

Thus, WI'”)K / 25, rag y
Q = 002_5 == (2.16m*) (0.450m) (———-——"—'—-——) =0.867 m%/s

S0x10° m
or
0 857"’" 36008 Aﬁ‘h" | 42 172.8in° I al
Q T hr )( Idny) o,ozesma) 13 ) 23//n)
=19.8x0° gal /day

j | 0~ 104




10.105

10.105 (See “Grand Canyon rapids building,” Section
10.6.1.) During the flood of 1983, a large hydraulic jump
formed at “Crystal Hole” rapid on the Colorado River. People
rafting the river at that time report “entering the rapid at almost
30 mph, hitting a 20-ft-tall wall of water, and exiting at about
10 mph.” Is this information (i.e., upstream and downstream
velocities and change in depth) consistent with the principles of
a hydraulic jump? Show calculations to sypport your answer.

Ls the given data consisfent

. . ’ ? ] )
witha hyd/‘al/l/c Jomp! | V‘ -y,
V) = 30 mph = 441t /s

\,=10mph = 147 ft/s
Y2-Y, =204

From conservation of mass: AV, =AY,
or y, V, = Ya. Vo since b, =widih = b,.

Thus
o _ Vi _ 4414l _
SV S T -

/9/30 for a hydravlic jymp

y, “i( l*”Fr‘, ) so that 2.99 ~i(—1+Vl+8F )

or
Fr,=2.44

Thus, since Fr, = ‘;;- it fallow: that

244= ey e 7 N J0.1 ff . so that from Eq.(1)

V=299, = 2.99(10.1 f) = 30. 2 ft

Hence, the given datq gives y, -y, =30.2f-10.1tf = 20.1f4

which rs surprisingly close fo the reported depth. Ves, the
data is consistent with the principles of a hydﬁau//c jomp

S S SAS S ST

(1)
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