10.2.

10.2 On a distant planet small amplitude waves travel across a
1-m-deep pond with a speéd of 5 m/s. Determine the acceleration
of gravity on the surface of that planet.

c =\gy , where ¢ =55 and y=Im
Thus,

2

3=7;/m s*

10.2

10.3 The flowrate.in a 50-ft-wide, 2—ﬁ~deep.
river is Q = 190 cfs. Is the flow subcritical or
supercritical?

: L{3
. -8 1905 gl
Fr = {g—y— R whgrg V % (ZH')(SOH) = /. qo;g‘

[74
Thus, 104

i e

=0,237<| The Flowis svbcrifical.

10—
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10.4 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?

y,m | Fr flow type

a 02 8.21 supercrifical
5 o8 1,03 supercriti cal
g 2.5 0.186 gyb(;n'{icaf

jo-2




10.8

10.5 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 __10F oz
Q=AY or V bY ~ (3m)(zm) 1667

T}NJS, F;_-,-_-: “M-. - ].667'_?'
7y [(9.815)(zm)]%

Alse RE o _ >
:k___(_g.)  where gz_@S: B2 =333 sothat

=0.376<! The flow is svbcrifical.

R
)

)
y _-.(_(3. 33—?-3)2)é .y
¢ 9014

10-3
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16.6 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, P10.6 (see Video VI05),
The circular wave crests that are produced travel with speed 14
¢ = (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 H FIGURE P10.6

" 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 inferval of t sipce the object hil the water (and imiatiatod
the wavs), #he cenfer of The wave has beon swept downstream a
distapce VE and the wave has expanded 1o be a dsstance ¢t from
ifs cenfer. This is shomn in the frgore below. Note Fhat VE >ct

it V>c (ie Fr>/).

-

- | | , |
Thos, {rom {he flgﬁﬂBJ sl = C{/f =.——CV- :_VZ;—VY_-.F_;_

or -%f—- =argsin(1/Fr)

(b) If Fr<l the abave resvlt gsves sind >1 which s ;',y;/wm‘Ms.
For Fr<l the following wave pattern woyld resyft. 75ere 1s mo
“wedge * prodysed.

B | PN non-conasntric
y ?\\ . //*::: \\\/‘/ circvlar waves
/ ¢ ! /”/"\ \
\ 1 o ] i ( ( { (/ \”\]\. |
L———p’ ‘\ \ \ N~ //, /[
\\~\H !E'// \ \‘\‘::124//
V£<Cf/f N -"/

-4




10.7

10,7 Waves on the surface of a tank are observed 1o travel at a
speed of 2 m/s. How fast would these waves travel if (a) the tank
were in an elevator accelerating downward at a rate of 4 m/s?,
{b) the tank accelerates horizontally at a rate of 9.81 m/s?, (¢) the
tank were aboard the orbiting Space Shuttie? Explain,

since c=Yay i follows that the tank depth is
= .-9-?:- = __(%__@f_ = 0.408 m

Y=g T @i |
(@) Tf the tank accelerates down withacceleration a, the effective
acceleration of gqravity is otr s?—"—-a =(9.81-4)5 =5.8 =

Thus, _ o
c=Vgory = j(TS.B ] -g;.)(aﬁﬂﬂam‘ = L5845

(b) If the tank accelerates horizentally with

acceleration a, the effective a.ccefera{ion is
7 f,r-"‘fg"# a* = ffzsﬁq,s:‘ - 13.87%
e

Thus, :
¢ = [(3.875)(0.408m) = 2.38 &

c) In orbit ot =0 (weightless) so € =0

10-5



10.8

10.8 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 (2) if
it is 12 ft wide ag (1).

and !

Fr‘2=-——‘{’=‘=3,0 where y,=0.5Y,

V2.

Thus, Y =20, or Vg, = Vo /(310.5) ()
a.5 y)g _

By equating l%z.ﬁU:nwifz)‘.Zoﬂlﬂ =V, /3e5)
A "

Vo =424V,

However, @ =@y or byV,=b.y, Vo, where b = channel widih.

ﬂmJ with 6,312)“7[’ 24
(1241) y (V) = b, (0.5Y)) (4.24V,) or b,= 53’7;;3;;7 =

&
&

&6

J0-¢
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Observations at a shallow sandy beach
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.
P104. Explain this behavior based on the wave
speed ¢ = (gy)*-

OBRE B
FIGURE P10.q
Since € ==W it follows that C,>C, becavse of the fact 1hat Y2y -
Therefore, as the waves move, that portion in 1he deeper water
tends focatch up” with that porfion closer fo shore in the shallower
waler. The wave crest tends fo become more pearly parallel to the
shore line. The waves “break” on the shore as if the wind were blowing
normal to the shore.

j0-"7
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10.1 Often when an carthquake 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.
From kg 104+ ¢ <[44 fanh (222 e
or % L
(32,2 )(GOOOH) (15,000f4)
[( I }'(Mgoooﬁ )] =175 3

jo-8
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10.12 A bicyclist rides through a 3-in. deep puddle of wa-
ter as shown in Video V10.5 and Fig. P10J2.1f 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 cutward in all directions with speed
¢ relative to the stationary water,

At time £ =0 fhe front wheel was
af point(O). Af the current fime,
L=at, the wheel has fraveled « ¢
distance d=Vat and is a point (1),
At time t=al a wave prodvced o ' o
. ' 1)
by the wheel u;'hen it wa.} at (0) )
will be a distance cat from(0) /! | ' ’
as indicated inthe figure. Vat |
Waves produced at variovs #imes
(from £=0 fo 1 =at) by the front B
wheel will form a V-shaged wave
as shown in the second figore
(provided V>c ;su,oeror;'/im/ |

m FIGURE P10.92

fc

wave prodvced
at (0) when £=0V

V*.s}‘)aped ”[)ow
wave “from front
wheel

bike speed).
From the geomelry of the figure
, o __cat
SN = Vat | |
“ c | | i
V= <in %* where C'-’W‘ [32.2 %(T%'H)] :2,351‘#
Thus, | | |
V= 2'9._4_'2. - 8.30-4

jo-14
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10.i3 Determine the minimum depth in a 3-m-wide rectangular
channel if the flow is to be subcritical with a flowrate of

0 = 60 m*/s.

V=08 - 605 _ 20 4o vem b depthem
Gmy 5 . where % en y=dep

Also,

F:,.. V_ - (%3?' ::m’) 6.37

R GG

Note : As y decreases, Fr increases

Thos, fo have Fr<I we must have _é)-%é <l or

4

y > (6,39)% = 3, %%m

[0-/9




10,14

10.14 (See Fluids in the News article tifled “Tsunami, the nonstorm
wave,” Section 10.2.1.) An earthquake causes a shift in the ocean
floor that produces a tsunami with a wavelength of 100 km. How
fast will this wave travel across the ocean surface if the ocean depth
is 3000 m?

A %
¢ 2[‘7?-7—7: +anh 3“;\7"‘2 ] ; Wbere /i = 00km = lem ana’ y=3000m‘

Thus,
n
c=[ 9.8/ 5% (10°m) tanh{ 27(3000m) g m
27 losm ) """‘/7/*‘_?'
or

c= 17 #(290) <30) =18 b

[o-1
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(n

10.15 Water flows in a 10-m-wide open channel with a flowrate
of 5 m*/s. Determine the two possible depths if the specific energy
of the flow is E = 0.6 m.

2,
y * 24V where E=0.6m and
3
- @ 5 -2 m*
= - o '5-,__,_..
% b Jom 055

T, o (1) beoa.mes .
hvs, Eq (0.5 %)"
0.6m = )/ + (2) (9.8.0 Em’:.) yzml.

or
0,6 =y t——~z—— , wherey~"
Solution 4o this equation g/V8

y = 0.56m and Yy =0.173 m

[0-12
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10.14 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 possible depths of flow if
E=25m

2.
¢ (2.58)* 0.3/9
” - +
; Y 23y TV ey TV TV
vs, /of’ 7
E==y+0i’f , where E~m y~m
c o (2.5%)* _
Nofe : yc-(-g-) (—"‘-’—é}“—) 0.860m
an

Emin =2 Y, = 2 (0.860m) = 1.29m

yvs E

1.5

¥, m
~
\\
\\

7 ! = 0,880
P
< Epig=hi

, \*-\
7/ !
-
o
0 K !
0 0.5 1 1.5 2 25 3
E, m
0.3/9

For E=2.5m, Eq.l)is 25=y+—5s
OF y? -2.5y2+0.3/9 =0 |
The roots to this equation are y= 245, 0.338 , and -0-335

T/?U.S’_ y= 2.45 m or y =0.988:m

10-/3




[0:07

1817  Water flows radially outward on a horizontal round

disk as is shown in Video V10.12and Fig. P10.17 (a) Show that

the specific energy can be wriiten in terms of the flowrate, Q, _

the radial distance from the axis of symmetry, r, and the fluid l \
|

depth, y, as
pth, y L 2V i
= 2ar) 2gy?

(b) For a constanit 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. {¢) 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 P10.17
decreases in the flow direction if the flow is supercritical. - ’

Q

(a) The specific energy is E=y * 35 zg , where V=4 = Zrry

Thus,
E=y+ (.mr) 2gy=~

(b) Let g "-——- sothal E=y +i— which is the same as for

fwo davmensmna/ flow with ¢ = 2 bemg replaced by §. However,
for two dimensional flow g is constant; for radsal flow Z is a
variable since r varies. But E vsycurves for constant § ’ would

Jook as shown below (Fig. 10.7). v svbcrrtical
(c) From the Bernoulli eyuaﬁ‘on 4 1

E,=E, or E=constanf for this flow.

Consider svbcritical flow —point oheT

A. For ovtflow r increases so that /

2 decreases, Thus since E=copst., / incFeasing

the flow goes from state A, fo Aoy | 0"

the depth increases. For sub- ) -

critical inflow rdecreases, § increases,  Ei=Ez

the flow goes from A, 1o Ay and the deplh decreases.

For supercrifical flow t is frve. Thu, svbcritical | supercrifical

outfow increases r, decreases §; or inflow depth _ depth

from B, to By— decreasing a’eg‘/i deje?:s _ mje‘;“;es

Suvpercritical inflow from B, to B,— ovtflow | . s decr:ase.s

increasing deolh.

Jo-14
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10,18

10.18 Water flows in a 10-fi-wide rectangular channel with a flowrate
of 200 £€'/s. Plot the specific encrgy diagram for this flow. Determine
the two possible flowrates when the specific energy is 6 fi.

* ool
E :y+—;y1 J where %"f“ ““"‘Tﬁf‘ =20
Thus o
' (20 HYs)

E=y .2 0/57) y*
r

]
(y E=Y+ —‘%;%é |, where E and y ~ ¥
Eq. (1) isplotted below.

10

E, ft

From Eq, (1), when £ =61,

_ 6. 21
or

3 .
y “'5y2+5.2/f0 which has solviions
y =582 foon y=1hi129 14

These valves are shown in the above ffydf'&

10-15
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10.19  Water flowsina recténgutér 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 )
of 4.5 ft above the channel bottom. Determine 4.5 H
the two possible flow depths in the channel. 1I- Vv ¥ 7
lustrate this flow on a specific energy diagram. .._.....—hf .é;. y
' " . (n (2)
PAV AV A A i AV A A e
: = 20-1:1—'z ‘
Ly W s, W e
fregh +2, = Tg 42 4%, where 2, =%z
= L - - (v~
V,=0, %t=h and ‘%’*—-— #5-(y-h)
Thus, |
W+ = g5t -y th V.
h+39;- : Yith , or 5"9'5%5")/
2
but, y =& - 208
4 y
Hence,
(28 2 4
y - ~45y*+6.21=0 wh ~f
e 2 or oy . where y
2(32.28) Y y ’
The roots of this equation are y= %14, /.42, and ~/1.06
Thus,

y = %14 fory=L42ff

Eoys By o s (205)
TV gyt TV 222 tyyt

The specific energy diagram (plot of Eg. ()is shown below.

or E=y+ 6-"""'},25’

5.0
N4
’ =
o ] Y vE 4t
/7
e
3.0
4 / /
> ' //
2.0 1+ \
; . N | yE/ v ff
// “'h-...__...,_____“_“—.
1¢0 /
rd
Fd
0.0 _

my

101




S

/0.20

N

1,20  Water flows in a 5-ft-wide rectangular channel with
a flowrate of @ = 30 f*/s and an upstream depth of y, = 2.5 ft
as is shown in Fig. P10,26. Determine the flow depth and the
surface elevation at section (2). g

(2)

FIGURE P10.20

%L-f,x.-;z, 94-2'2 w/;ereﬂ’ﬁz =0, 2,=)=2ff, 2,202+,
B _ (30.£.-) _oft = 39% 4
V.‘ % (2.{11){59) 3-5‘ y) and VZ ’ﬂ; (Sff)}/z = -5;;
Thus, | | ¢ a2
(3 ) e (%)
+2ff = h—-——ﬁ-”’“s .
262 Tt + 0.2 +)
or

% «/94% +0.559=0  which has roots Vo= 1774, 0.632, and - 0.632.

- 3# _
A/Ofe F}) ,V-_- [(32 2%){2#)]& = Q0,374 < [

If y,=0.632, then Fo>l. This 'y
cannot be since there js no “bump*
between () and (2 ot which critical
conditions can ocsor:

(.l) y,52 {f
(2) y, =177

2 =0, 832 #

Thos, vy, =177%ft and 2,= 1.97%ff

10-17
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10.21 Repeat Problem 10.20if the upstream depthis y, = 0.5 ft.

FIGURE P10.20

N 7%
4'4'5? +3 = ﬁ;,’:-J( ;;— +22 , where f=£,=0, % =y,= 0.5, Z,=0.21{4),

_ @ 0% _  u _Q _ 308 _ ¢
V=2 =osmism ~2%. o et w7 (s T Y
Thus, ) £z
(128" +0.5f4 = "“};—)E" +0.2f +y,
2(32.2 ) 2(32.28)
or
% -2.53y,>+0.559 =0 which has rodls Y = 2.4%,0.528 and -0.43%
2 i
Note : =l = 23 =
ofe: Fr, i [(32-2%-)(0.5H)]}5 2.99 >1 y Y
N Vo =244}
If y, = 2.44# then Fr;<1. This cannot be /; | v,=0.528
since there is no "bomp” between (1) and (2) e ‘N y=05#
at which critical condifions can occor. d

Thus, y,=0.528 fl and Z2=0.728 ¢

Jjo-I'B
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10.22* Water flows over the bump in the bot-
tom of the rectangularchannel shown in If”-‘ig P10.22 . )
with a flowrate per unit width of ¢ = 4 m*/s. The
channel bottom contour is given by zp = 0.2¢ S
where z, and x are in meters. The water depth o
far upstream of the bump is y; = 2 m. Plot a

fo__' f

graph of the water depth. y = y(x), and the sur- o
face elevation, z = z(x). for —4m =x =4m. - zg=02e77
Assume one-dimensional flow. : __ FIGURE P10.2.2
%+.J.4z, gﬁ-’ where f,"ﬁ 0 Z=Y,=2m, Z2=Y1Zg
- A
or 2 =y +02€" V= =——"—=2¢ amll/-—ﬁ: .i‘.
4 my x3
Thos, _(2%8) me_.(,)f__l+y+oze
zﬁagg 2(4.8/2)
or 2
. ~X
—(2.20-0.2€" ) y*+0.815=0 where y~m W
Solve for y wh‘h -4 <X< H¥m y
2

=0.452 <

Nole: 11, =g ~ FramBiam ]
Thus, the Flow will remain svberifical

toromghout — fhe largest roof of Eq.(1) E
will be the correct one.

The following results are obtained by solving Eq. (1) for y
and then Z-:y+023 X fop ~YmEX< Y,

tx, m y. m z, m
0.0 1727 1.927
0.5 1790 1.946
1.0 1901 1974
15 1969  1.990
2.0 1091 1.994
25 1995  1.995
3.0 1995  1.995
35 1995  1.005
40 1995  1.995

(con't)

]0-19
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/0.22*

(con't)

The above resulfs are plotted in the graph befow.

1.80 ;/

Y V$ X
2.00 T —
Pl
1.95
1.90
E 185
=

1.75 /

O

v
1.70 _
0.0 0.5 1.0 1.5 20 2.5 3.0 3.5 4.0
' X, m
ZVS X
2 ,——"—'w
1.9%9
1.98 /
1.97 /)
£ /
o 1.96 / -
1.85 /
1.4 //
1.93 4
1.92 .
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
X, m
10-20




*/0.23 ]

*19.23
0. 4m.

Repeat Problem 10.22.if the upstream depth is

c

ig = 020 %
FIGURE P10.22

.§L+ W +Z = 23 -kz where ffﬁﬁo =0, 2,=Y=04%m, Z,= y+Z,
or 2z~ /‘/*OZ& V —?‘ —O.i‘"’/O——') gﬂd]/-—%-—‘;ﬁ
Thus, _(102Y" _ (327 x?
2@y PO Sagmy TV 028

or 3 i ~x*\ 2
y _(.5;.5'0-0.28 )y +0.8/5 =0 w/)er‘e y~m

(1)

Solve for y wh’/) ~4<X<4m
Mote: Fr, = L0 =055 7
! V" [(?3151)(0 4m)] % ,
Thos, the flow will remain soercritical ;) %
Ml"w;}wu‘} —the snallest positive root of 4
Eq.0)) will be 7‘/)6 correct one. E

The following r‘esuh‘s are obtained by solving Eq.(1) for y
and then Z= y+023 X for b 2X S Ym,

t X! m y' m Z’ m
0.0 0.408 0.608
0.5 0.408 0.562

1.0 0.403 0.476
15 0.401 0.422
2.0 0.400 0.404
2.5 0.400 0.400
3.0 0.400 0.400

3.5 0.400 (.400
40 0.400 0.400
(con't)

j0-21
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“ /0»235‘ i

{con't) |
The above results are plotted on The graph below.

ZVS X

0.65

0.60 '\\
0.55

z,m

0.50 +— _
\

0.45 : \

0.40 .
0 1 2 3

AL RS

0.410

0.408
0.406 \

0:404 N

0.402 \\
y, m 0.400 :

0.398

0.396

0.394

0.392
0.390

x, m

] 0-22
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1024 Water in a rectangular channel flows into a gradual
contraction section as is indicated in Fig. P10.24. If the flowrate
is O = 25 fi/s and the upstream depth is y, = 2 fi, determine the
downstream depth, y,.

1) i 2)
‘ _ Si_c_ie view :

¢ T2g TE 26 * 22, where f=f,=0, Z,= =20 2 =ys
3 P
5 f
V-4 - 25 % 338 apd V= - 258 833

(af4) (25D A" Ry,
Thus
" (33 i) +2ff = _ﬁ"i_%i)_z + Y,

2(32.28) 2(228) 7

or
)43 -~ 2,15 )éz +1.077 =0 which has roots Vo =1. 828 0.946 and -0.623 (1
: £
3./3

Mote: Fr, =V == 0.390</

' Yy, [(32.2-?)(2!%2]5

Since there is no relotive minimom Y

area bejween (1)and (z) where critical
flow can gccur it follows thet Fry<!
also. Thus, i/ is nof possible o

have Y, = 0.944 E

Thes, y,=1.828ff

]0-23
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10.2.5

10.25 Sketch the specific energy diagram for the flow of
Problem 10.2.# and indicate its 1mp0rtam characteristics. Note

that g; # ¢
3?.
Thus, for the b=4%# chamel, g = el
_ (6.25 & 2 0,607 507
E=)* smatyy o 777 ®
_ __ﬂ-’ .
For the b,=3 H chamel, ¢, = 1% =25 -3 g
or A
_ (8.335%)
E»—y+2(32'2§)y1 or E=y+ 1.317 @
. 21k 2 (s.25 5" \%
Note: y :.-(i)-’*- so that y, = (—g’-)g *(“3?@") = /,067H
and
_ /(8. 33fi) _
ﬁ/sq, £;m-” 1""2'3' Ye , o/' E’”/}’l = %(/.067{?’)5 1. 690ff
Eing = 3 (1292 #)= 1.938ff
The specific energy diagrams (Egs.(1) and (2) are plofted below :
2.5
g ——
, Y= 2§ /* g_.. ....3;2:2:2
/ﬁh Vo =1.828 f1
y. ft i ,, ( sec Prob. 19.19)
Y, =BT By 1é00fd / {rea =1 2021, £y, = 1950 H
1 . *-..,_.
05 | --_______;":
0
0 0.5 1 15 2 25 3
: E’ ﬂ . .
) 2 Ves (.135)?
Note: £,= Y +4h = Ea= Yot 35 = 2+ 50ms =254
[0-2+4




10.26

10.26 Repeat Problem 10,2##if the upstream depthis y, = 0.5 ft.
Assume that there are no losses between sections (1) and (2).

Top view

FIGURE P10.24#

Side view

é/ +2b;[3+ z’ = é_ + ¥z l/z -f-zz ’ W})er\e p/ ﬁ 0 2’ y =0 5{'{ Zz ,VR
# 7
5 25
Vizu%.z_ﬁm;s___ 3/2'5£t)(m/ lé’-',g)z _ 5 _ 833

(4f1)(0.54) ) RA
ThUS 8 33
______T(zzs_s) +05H-”-——--—-—-—-( +Y,
2 (32.2 s,_ e 2 (32 2 2

or \
Y5 —2.93 yj +1.077 =0 which has roots y,=2.79, 0.69% and - 0.555
Ji s
.5
Note: Fr, = 275 =3./2>]
! Vg}', [(:m.:z{:!‘:_)(o..sﬁ‘)]’ﬁ
Since fhere is no relative minimm Y

area between (1) and (2) where crifical
Flow can gceor if follows that Fry>|
also. Thus, it is nof possible fo
have y, = 2:7% (fhe subcrifical root). E

Thus, y,=0.69%F

10-25



10.2.7

10.27  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
the specific energy diagram for this flow and locate states (1)
and (2} on this diagram. Is it possible to have a head loss of A

0.06 m? Explain. '

v Va

__._........_p-.yz

4
ES S SIS

, where g=£,=0, 2,=0.5m 2:°), O

¢ 2?
;""%2}05,5;; = and \é-"%s /,5y;gf
Thus, with E= y+;%z and /_7[‘-'0, 03m Fq.() is
E, =E;, +0.03 .7,
m
Also, E= y-fzgy =yt 2%5‘;:/353))/

or
E= y + 0.)]//3‘6

Eql2) js p/m‘fed below.

Note: y.= (i) (/55)’).,06/2m

(z2)

9.8/ %
and
Epip =2 zZ )= 2 (0.612m)=0.918m
Also, a2
, (15%)
E = 1t -5+ 5
R 23y 2(9.81%)(0.5m)* 0.-959m
and E2=E,- 0.02=0.929m
"o It h
. : =0.0
- - with £,=0.959m so
12 ' V4 A that E,=E,-0.08,
10 _ e / then
. g E;=0.899. 0 < Epip
7
= 0.8 | ,’/ / /Eg,,‘: 0.929 77]0'5, i)l s nﬂf POS.S‘I:b/e .‘
0.6 7 ot Eoodbs fo have h=0.06 with |
0.4 7 Emin=0918 7”1 the given ¢ andy, .
e T
0.2 -
’/
0.0
00 02 04 06 08 10 12 14 186
E, m |
| 0-26
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10.28  Water flows in a horizontal rectangular

2}
channel with a flowrate per unit width of ¢ = 10 m _ 7 2
ft?/s and a depth of 1.0 ft at the downstream Vi, ; Y, — Y
section (2).. The head loss between section (1) / :
upstream and section (2) is 0.2 ft. Plot the specific TITITITIT TS T T TSIV
encrgy diagram for this flow and locate states (1) '
and (2) on this diagram.
*1
V2, - _ 2 _\f:_t_z _ & Jo% £$
£L+—?+Z, = t’—— + +Zz-+hl- , wberg ﬁIsﬁzzOI Vz = % ol g )
and y,=1f}
Thus, uu{bJE‘)/*li
2
E y-{-_i.z = y + _.,m“{.{?_*?.&l___
23y 2(32.28)y*
or
' L5553
E=y+ vE where E~ 11, y~fi @

and Eq.00) gives E, =Es+h, =E, +0.2 4
Eq.(2) js plotted below.

Note: y, (—QL)I{s %)}'-/%Hf min =3 % = 3(/6‘5”0 2./19#4,
52

, 553
E,_: >’1+/)4= = |+ !._f_};__g ---1.2.535’;"-}’J qﬂJ5:£2+};Lz2,75ﬁ

yvs E
Fd
”~
”
2.5 : Vid /
‘ : /"/
: /", /
=0 | //f /E' f
- m;ﬂ"ﬂ“Z;/‘i’
515 o p
| e \jgzzga,ss{f
1.0 ./ 4 \
g [‘ ——
0.5 P E,=2.75H
: ’/,/
0.0 k=
0 0.5 1 1.5 2 2.5 3 35

E, ft

] 0-27




10.29

10.29 Water flows in a horizontal, rectangular channel with an
initial depth of 1 m and an initial velocity of 4 m/s. Determine the
depth downsiream if losses are negligible. Note that there may be
more than ope solution.

7.

E = y 24 yz 5 W/)EI’E from 7%-9 I}'N'ft‘a/ cana(ff/ms}
x =[m ana/ ?i -—i_bf = Kgﬁ,é = (’7‘/77,{5-)([,”): /;L_S_’E

Tbl/sj | 2 ' (4',,,’-2.
- " i " = 5

E =y *i%’ _/m+m /,815m

. N v
(Mote: Since gﬂ :Vy F=yt @_’Xf y.{.__,, )
With po lesses, £, =E, , so that 2,4, (ie, §=qb =@ =¢.bs,
HE‘I'JCe [’7‘/)’" with b,=b)
E,=/815m =Y 2——-*-*-“—"""—(”/5%))/1
or
Lo1s =y o&;.s

which has J‘O/U'fl oﬂs

Y = [ m (same as the initral c/e/m%)
o,‘ e ——— .

= 150

The energy diagram and these two depths are shown below.

| %
15 | ./

. . -
y, m . v
4 1 P 1
N

05

E m

10-2.8
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/00 3 O.‘
10.30 A smooth transition section connects Q

two rectangular channels as shown in Fig. P10.30.
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 15 3.0 ' ' : .
ft, determine ki, the ampount the ch[;nne} bed needs "FIGURE“RIB"’E}Q" Top view
to be raised across the transition section {o main- ‘
tain the same surface elevation.. 0

,g;‘l..}’l_ +Z = %-} .{-Zz Wbef'g ﬂ{ﬂzsa aﬂd‘z‘/:ZzS'dewe}M, o
Thos, V,=Vo or

5% lence, A=hy or (6503H)=(78)(3H-h)
" h= 0429 f

/VD}[G: ?iz%mBQ_ and ?2_—:% = .__g<%!

and 2 .
Er=Ytik ond =yt se  This since Vil it follows

f- })af E'I - é-z - y/ o yz
The corresponding specific energy diagram is as indicated belov:

19-29
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/0.31
10.31  Water flows over a bump of height - #(x)

= h{x) on the bottom of a wide rectangular
channel as is indicated in Fig. P10.31' If energy
losses are negligible, show that the slope of the
water surface is given by dy/dx = —(dh/dx)/
[t — (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.

. H\u

ZZ
Rix)
FIGURE P10.3/

For any fwa points on the free surface:
ﬁ—%w—-;- 1= G2r L Vi's 2, where p,=f=0,2,% Y, and 72 =htk

Thos, v V7, hty =constant so that by differentiating

2%
2V
%ﬂ+gg+g§=o .(I).

Also, for conservation of mass

iy =Vy or V%*y%-ﬁO or 5,{7/=““¥"§(§ @)
Combine Lgs.(Dand (2):
Vivd dh ,dy _ -
L) edhotyo,y dr. "G
| " (1-55) (35))

Note: If Fr “y—-]—é <!, then 9 b and 2)1 have the opposite sign

e
If Ff"}I fhEﬂ Zb' aﬂd——z K’ dj(ﬂ }'-;..4[

d
have fbe same Sign. M

x dax

=
a\
~
o

Fr>/

\
J

10-39
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10.32

10.32  Integrate the differential equation ob-
tained in Problem 10.31 to determine the “draw-
down” distance, { = {(x), indicated in Fig. P10.31.
Comment on your results, ‘

4 4
X

= B
FIGURE P10.3]

From Froblem /0

%-’-‘- ';(g%),— , where V,y,=Vy or V= Viy
(1-(35))

Vi) 2,2
Thos, y2_ (BH)_ Yy so that

Fa4 gy gy
T I G VA L
9)’3

Iﬂfeymfe from y=y, and X 0, with g)t(l a given fonction of x.

ﬁ, ~(YX)y7]dy ~——f M = -
“’Y;

[y.,_(_yg_&z)(,%)ya ==h  Thes y+(UE)y-v-2 =-h

; Y:
or

vi-(ntag —h)y%(vf X" W
067‘am y=y(x) from Eq.01) and then X=L6) from y,=h+y +£
or 2= Y ~h -y
Nofe E'q o) s )707’/)/’/)7 more Hhan /%9 Bernoolli egvation

23 +y, +y*/7 with V‘ I 5o that

,-7 +y -*—(% tYth which s;m,a//f/es fo Eq. (/)

jo—BI
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10.33  Water flows in the river shown in Fig.
P10.33 with a uniform bottom slope. The total
head at each section is measured by using Pitot

’ z
tubes as indicated. Determine the value of 2y = 620.1 ft l
dy/dx at a location where the Froude number is 23 = 628.3 ft zp = 618.7 ft
0.357. xp — x = 4100 ft 2q = 625.0=ﬂ

FIGURE. P10.33
he _ 2324 _ (628.3-625.00f}

dy  5-S, : _ e _
r i where from the figure =7 e = a0f
or ¢ _ ¥ _ 222 _ (620.i-818.7){1 _ .
S-f— B8.05x}0 q”d' 30_ 7 = 27005 = 3.Y4/x10
Thus,
dy  gosxio?-3.4me¥
ax - 1—(0.357)* =0.000532 (&',e.} 2.81#)

10-32
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10.34 Repeat Problem 10.33 if the Froude number is 2.75.

*2

1

) = 620.1 ft
23 = 6283 ft Iy = 618.7 ft
~ x = 4100 ft % = 625.0 1t

FIGURE P10.33

= Z3 2 _ (629,3-625.0)f
X2 2100#

=34/x)0"

% ; u?f_; , where from the figure S5 =1t~
- -y _ 2,22 _ (620.1-6187)f
or -5;(‘ 8’.05X/0 ﬂﬂd sg— f - 4100 f.l
Thys, . .
dy . 8.05x10 -341x/7" -5 , ,
& (2.75)" =2 7.07x10 ’(5'8'1”0‘373%)

]0-33
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10.35 Water flows in a horizontal rectangular channel at a
depth of 0.5 ft and a velocity of 8 ft/s. Determine the two
possible depihs at a location slightly downstream. Viscous
effects between the water and the channel surface are negligible.

Vi _ <S‘3°1‘/_¢:é
Fr=;m== = — N/
"““ Vo, 2.2 o5 1) 177

Thus, with Fr>1 there covld be a hydravlic jump withy,>y,=0.51,

If so, then
$ =21 AT = 4 Tr s ) 2.36
So that

Yo = 2,38y, 22.36(0.5H)= 1./8ff

Hence, either v, = 0.5t (no jump) or y, =112 £ (with jump)

10-34
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10.36 Water flows in a 5-m-wide channel with a speed of 2 m/s
and a depth of 1 m. The channel botiom slopes at a rate of 1 m
per 1000 m. Determine the Manning coefficient for this channel.

K oM |
ny  V=5xR, VS, where
Sg #Taoom - 0,00I J )’("/ qﬂd

y)
_A _Am{sm)  _ 5
R” TP T (smtlmtim) 77

Thvs, with V =2 2 from Eg. (1)

2 =5 (5) Voo

or
n = 2o 0126

oo

qt’

I__T

—

10-35
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1037 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 , @ '-‘“'g'ﬂf?:é S.:é, was "derived” specifically
for water, If is not in dimensjonless Form and camnot be vse withoo!
alferation (ie.different n valves; different dependance on %y ; ele)
for ofﬁer flvids .

10-36
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10.38  The following data are taken from
measurements on Indian Fork Creek: A = 26 0,
P = 16 m. and S, = 0.02 m/62 m. Determine
the average shear stress on the wetted perimeter
of this channel.

= ¥R,S, , where Ry=4

26m 0.02;» _ N
Thus, 7;,:{6]900 16m 5zm)“5'”‘37*

10-37
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10.29  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 {t/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 (¢} the Froude number of the flow.

104

A Ty =0Ry S |, where S,= jjgg = 0.00897

!

Thus, T = (52.47{%)(3.22H)(0.ooaq7) =/, solff-z

b) Q*‘},‘*‘ﬁ Rh% Sgyz“-:ﬁv, where K=1%9

2
Thus, _ L#?Rh%'S.,’& _ (1.49)(3.22)/‘3(0.00907)
n-= Y - 6.56

= 0.636 <[ (subcritical)

%
= 0.0449

v 6.5¢ &
o Fr Y9y [(32.28)(3.3m)]%

]0-38
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10, 40
10.40 At a particular location t}he Cross sec- &
tion of the Columbia River is as indicated in Fig. £
P10.40. If on a day without wind it takes 5 min o 204 -
to float 0.5 mi along the river, which drops 0.46 ol < ,‘
ft in that distance, determine the value of the o 400" 800 1200 1600 2000
Manning coefficient, n. Width, ft '
FIGURE P10.40
E5 A
. 0,.5’m:)(5280 i)
From the given data, V= ¢ =894,
(5min) (6 0oy
From the Ma/ming equafian |
X R O.46 1t
V= where K 149, So= : =0.000174, (1)
b5 °" (0.5mi)(5280%) »

and f?;,
Approximate A and P from f/?e figure as

Ax#by =4 (1700f)(44f) = 37400 H*
and

2

/1800 4
Hence, from Eq.(1)

24 iy
8.8 = -’4}3(2& 8) "~ (0.000174)*
or

n= 0.0/69

]9-39
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(1)

10.41 A 2-m-diameter pipe made of finished concrete lies on a slope
of 1 m elevation change per 1000 m horizontal distance. Determine

the flowrate when the pipe is half full

Im

sy = XoppHe - - -
Q=AY = 7 AR, Tss, where K=1 and S, =r555m =0.7% -

Also, A=2(ED) =Fam) <187 m"

and A _ +(ED)
L = —_— = __2,_‘_...”-"... =
Rh S T) T = 0,5m

From Table 191, for finished concrete, n=0.012
Thus, from £q.(1),
3

1 2/ m
Q =557 (1-57)(0.5) fo.001 = 2.61 -

10-40




19.42

10.42 Rainwater flows down a street whose cross section is shown
in Fig. P10.42. The street is on a hill af an angle of 2°. Determine

. the maximum flowrate possible if the water is not to overflow onto
the sidewalk. :

| 6in.
Asphait street

Sidewalk

Concrete curb

BRFIGURE P10.42

z
)= ’-'3"1(-/9 Ry VE; , where X=1%9 and S, =fan2°= 0.03%49 o

Although part of the channel is asphalt and part is concrete, since
Ihe valve of nis similar for each, vse n=0.0i6, the valve far asphalt.

Also, approximate the cross seclion
as a a‘r;‘anqle as indicated. }._. P = 10(0.58)) =5~ I._O.SH

Thus, W% #
A=%(5 +0.5)(0.5) "= 1.375 f#*

and
P=VZ (0.5)+ [(56)* H(o.5H)> = 5.73 11

so that
Z
R,=4= L3ze = 0,240 f1

£.73 1

Hence, from Eq.(1:

A z 3
Qzﬁfl%(/.?ﬂs)(a,z#o)‘f 0.0349 = 9.25 .g-

10-




Center board

10.43 By what percent is the flowrate reduced
in the rectangular channel shown in Fig. P10.43
because of the addition of the thin center board?
Al surfaces-areof-the same matenial.

Q__KA%%,

bﬂ
OWrn‘houf the centerboard A =b(2 ) = -2— Rh:-g.-:-fg— =".$_p
Quithort = B (E)(3 ) 5% (n
With fhe cen(fi/;é)oard Quith = 2@, ,where A= ( z
Rhﬁﬂf I
%k
QMM 2 £(£)(2)% s @

bV by%4
Divide Eq. (2) by Eg. (1) 1o oblain @W,"”’ = 2(3) (TS') =
" Quihr~ (B (5%~

a 10D~ 76.3 = 23.7 7 redvction

042




10. 44

10.4%  The great Kings River flume in Fresno County, Cal-
ifornia, was used from 1890 to 1923 to carry logs from an ¢l-
evation of 4500 ft where trees were cut to an elevation of 300
ft at the raithead. The flume was 54 miles long, constructed of
wood, and had a V-cross section as indicated in Fig. P10 |t
is claimed that logs would travel the length of the flume in 15
hours. Do you agree with this claim? Provide appropriate cal-
culations 10 support your answer.

BFIGURE P10.44

! = distance traveled = %9 £, Thus,

- L (eumi) (52800 /mi)  _ £, ft
W"’ t (15he) {36005/ hr) <

Determine the average wafer velocily, V, and compare i wilh Hhis %?'
V=KR>TS, , where Keunt, A L(140) = 0.4 =2 H
so that Ry = —g = %‘—%ﬂ =0.25ff
Alse,

AZ (#5090 -300)}

o= T = (sgmi) (5280 W/ - 007
Thos, with N=0. 0/2 (see Table /9.1, planed wood),

V= ;:‘; (0'-?-5) Vo 0147 = §,97 fi
Nofe: V is slightly /argar han V/ . Thus, the a/amy agpears fo be

correcit., VYes.

j0-43
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10.45 Water flows in a channe! as shown in Fig. P10.45. The velocity T——
is 4.0 ft/s when the channel is half full with depth 4. Determine the N
velocity when the channel is completely full, depth 2d. 2@ i

BFIGURE P10.45

27 :
V= 7-;)‘<’R,, %VE; so That

K n*/a Y3
Vful! _ (’r’f h V}:)ﬁuﬂ _:__(Rhfuii )

(H T 7R A sihce ){J n and S, are the
\[%-{"“ (T’T Rh VEJ )_,‘L foll bty ;

came fop both the foll and
half-foll conditions.

fls, 4 4)(10d)

_(Ay _ ed0od) e
Rhfdi! -(P)M" (1od+2d12d)y ~ 7 4
ond

d)(od) _ &
) = 5d

_[A) -
Rh—,HuIl ”('P'“ L (10d ¥d+d)

Thus, from £q.()

' 2
Vigi —f:,?o( 3
—— F( | =432
View \ g4/
or ?

5.. th_s73 it
\/Full = /432 V{fvl!;“ L4432 (H5) <

10-44




10.46 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 m*/s. Can this e—3m—+]
channel be built with a slope of §; = 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 i?-'—'i 10% and S, =0.000l0.
Q= -5-AR, QV—; where A=%Yy[3+(3+4#))]=2y*+3y (0)
and B = B yith P=3+2 (15Y)

Thus, 2yie s 3 B
=1 LY T2y 2
0=~ (2y*+ [3+2V§‘y ] (0.0001)
o _ (2y*+ +3yJ
which can be writfen as
T (3421Fy)%
0.4
2y*+3y-6.03(3+2¥5y) =0 . ()

A standard root-finding compuler program gives the solvtion to £q.(1) as
y =2.25m

Hence, from Eq.(0) A= 2(2.25)"+ 3(2.25) = /6.9 m*

so0 that )
_ & _ 10"3”“"’ m
Vo = fgm = 05928

77]0-9, V <0.75 —_-9”-'- S0 ’Mml S‘cauring w/// mi{ Occul,

19-45
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1047  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 §; = 0.005, determine the flowrate by using
open-channel flow methods. Compare this resuit
with that obtained by using pipe flow methods of
Chapter 8.

For open channel flow @ = X ﬁR;’é S,%

H/.S‘O, ﬁ=ﬁD2$ E(zm)?-;—s‘/#mz aﬂd P:;;D=6.28m &0 f/]a‘f

_ﬂ__ﬁ.‘ﬁ.ﬁi.'f’_z_.
R, G28m - 05m

Hence, wn‘h n= 0.0/2 for finished concrele (see Table 10.1)

, where X=1

—m (3 14 (o. 5) (0.005)% = //.3"-:'%’“3 (open chanpel)

For pipe flow wfﬁ‘h constant pressvre :

2 f—
ﬁ-+..i +Z '%—1\ 1+zz+{%% (f),v_\f\g
Z=05,

where P = e and V=V, ! ;7:—}0

Thus, with 2-2.=15, 2%
2

15, =14 3%

or _,
fV*= 29DS, = 2(9.818)(2m) (0.005) Thus, fV* 0.196 (
From Table 8.1 for smooth concrete % =0.3xi6 m/2m=[5xj07"
Also, Re =42 '_"“\éjgf)'") = 1.79x10°V (2)

and from J%e Moody chart (Fig. 8.20):

Solve Eg,s (1), (2), and (3) for f V, Re: d \\\ @

Assome f— o 015 so that from E4.10

V [ v.oi5 | =38ls
Re / 7$'X/06(3 61)=6.46 %705 7_/71/.9 frm £4.03) (ﬂaaa/y chart)
f=0.0134¢005. Assume f=0.013, op V= [gé,qf =3.68%

sothat Re =/.79x/0%(3.88) = 6.95 x10¢ Thys, from £4.(3) f=0.013 (chocks
with the assomed valye) Hence, V=3.88%2 or

Q=AV= Z(2m)*(3.682) = /2.2 & o’ (pipe flow) =11 7/”1 (o,oenchannel

)_,

10;44“
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10,48  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=5AR" S Ze‘r‘ ( ), denole no weeds ; (), denofe with weeds.
Thus, since By=Apy , By = Rhpe and Sow = Sopy il Tollows that
..?-‘!- _ '%%,ﬂw ?S@ﬁ_‘ = [

Gw K N Tw
"nwﬁ”w B Soow

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

- n_g _ 0.030 ﬁ_a - _m_a
Crw Tow Qv = Gozz (305 ) =#29°%

jo-47



10.%49 !

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=17 ARV,

Let (), denote conditions when the pipe is half fvll and (), when
the pipe Is full.

Thus, A= FD°, Ry A /8 =(50*)/(3D) = b/#

and A, = ”D Rh Ay /B =(ZD*)/(TD) = D/¥

/qlso S 02, aﬂd n, =Ny

There Fo‘r'e, N 2/,
9 _ %A Rut¥Se _ AR _ (BD)(H)”
% UAREYE, AR (EONPE T

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

10-48
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10.50 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 fi, the water
velocity is 5 ft/s. Determine the velocity during a flood when
the water depth is 8 fi.

Let (), and () a/eﬂafe pormal and flood conditions, réspectively

Thus, :
) V = R;/j‘y— aﬂd

(2) \4 %r
W/Ier'e }7 ”f‘ J 5‘0”: = Saf and
Ay = 108t (4tf) = 400 | [, = 08 (8£1) = 804

Tﬁw /?/, ./ i‘f{%a.—: 2.22 1

d 7 /¢
an
A @a#

Hence, dz vi'ds 57(21 5)/ qu/) o obtam

Fat 3 oot
Vn (P,,,,) “Z2.22fF . ’/2*‘9‘

SO that |
V=124l =:/.z¢(5£f) = 6220t




O Y

P

i\»w»‘"

1/052%

*10,52 Water flows in the painted steel rectangular channel
with rounded corners shown in Fig. P10.52.The bottom slope
is 1 £1/200 ft. Plot a graph of flowrate as a function of water
depthforQ =y = 1ftw1thcomerraduofr = (), 02 0.4, 0.6,

0.8, and 1.0 ft,

FIGURE P10.52

Q=K AR, S% where X=1.49, from Table 10.1 n= 0.01%, and |
!
So= 2oe§Ff =0.005

o

(@) Assume y 21!
Th”-?, A=2(y-r)+r(2-2r)+$mr*
or fe=2y-(2-&)r*
and  p= p(y-r)Hz-20+ Ir
or P=2y-(#-mr +2
Heﬂce, with Rh-"ﬁ Eos. (1),(2), and (3) give

5/
Q=g2k A™ P,,é (. oosfi

or -Zyp2 43
2y ={4-mir+

f,

n ; 2y X (3

(b) Assume y<r:
Thus, A=A +A,+As
From Example 10.5, with D=2r I
AtAy= %,._)2(9 ~sin8) where 8~ rad and

r=y.
r

s L)

Hence, A= -g-?' (0 -sind) +(2-2r)y

Alse, P=2-2r +R +P, | where e
from Example /0.5, Rt = (.2_"_1- = r@

Thus, P=2-2r+re = 2+(9-—2)r

By cambmg Et;,s (1),(5),and (6) we oblaint

@1: ol g;l?l P-'l/a (0 005)

or Lro- -
Q 263 I_- (9 sme)-f-(z 2r))’] {_‘ 05)/ ‘f” wbere !""f'llj )’"H,
[2 +(9—£)r] g~ and 6=2 cos (L) ~ rad

lcon't)

(3

)

(6)

(7)

{0-50



10.523

(con't)

The resuvlfs, @=Qly) are plofted below for r=10, 0.6, and | #.

Qvsy
10
9 /
Y4
8 7
/’
7 #* 7
/f g
6 Fi
o /,f r=0.00 ft
® 5 4 ———r=060ft
N VP4 L .
d . R R r=1.00 ft
e ,
3 . A
//, .-'
2 /,J// - i
// .t
1 / o1
T
O-é‘{-f"“-
0.0 0.2 0.4 0.6 0.8 1.0
y, ft

/0-5i
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10.53*% The cross section of a long tunnel car-
rying water through a mountain is as indicated in
Fig. P10.53. 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.

|
!
.

128

RTINS

AR EARLURR RN,

e

_Kppthoh ol 28
=5 AR SR, where K=149, S = rom0m = 0.000379,

and From Table 10.5 p=0.025

(@) Assume y <12t Thus, A=12y and P=2y+12
so that R;,’*’ﬁ 2y - 6%

L 2y+i2 y+é
Hence,
Q:ég%: (lzy)[ yie ] (o. 000379)4
54
Q 460 Xom , for y<12 where y~1l, R~ #

(b) Assome 12<y</8fi: Pk 1N
Thos, A= 28+ Z(6s) -4, \/
where_from Example 10.5
A= 2(9 sin8), with cos2 = y;!z 'ZH
Hence, from £q.(3) b 12} -——-l
A= zoif*~ L2 (o sipg)

A | Y%l e sost
A =201 -18(6 -sin6) ft, where 6~ rad
Also,

P= 3(2f) +(7r O)(6f4) = 36 +6(TT-8) #

Thus, wilh ]ﬁ, P Efs (D, (%) and (5) give
Q= 443 [20!—13(9»&0&)] s
0.025 [3646(7-6)] ~

or

. 5/

_ (11.15-6+5in8) .

Q= #34 Comr o™ , for 122y <8H, where E~rad,
3

O~ & and 6 =2cs'(512)

For 0<y=18f calcvlafe Q=9 from sither Eq.(2ard Eq. (6),
(con't)

(0.000379) %

FIGURE P10.53

(i

(%)

(3)

#

(5}

)]
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10.53% l(GOﬂ"f)

depending on the valve ofy. Ther esulls from this calcvlation are
given below. The maximom flowrdate | §,,, = 583 .Sﬂs, ocCUrs

at y=171f . For I17Ift <y<i8 H, an increase in depth adds
only Iitile fo the flow area, A, bof greally increases the wetfed
perimefer | P, Thus, the retarding force js increased considerably.

a00

- soo}

400 §-

200 -

Fiow rate, G (cfs)

-200 N A i L . N A 1 5 . R 1 N i %
o S . i0 15 20

Water depth, y ({ft]

10-53



10.54

10.84  The smooth concrete-lined channel shown in Fig.

P10.5#1is built on a slope of 2 m/km. Detezmme the flowrate 1.0 m
ifthedepthisy = 1.5 m.

Concrede

o.5m¢w”'.§,_ —3m

FIGURE P10.54

P 2
Q=KARSE, where X=1, 8,7 oot = 0,002, and fram Table jo.] )

n=0.0l2

With y =/.5m, A= (3mJ(a5m) + o (3m+6m)(1om) = & m*
d

o P= f5m +3m +0-5m + (/2+32)’*m = 8./6m

Thus, R, = --" =

816m =0.735m, and £¢.0) gives

- d /5 ji B m_a
Q_ 0.012 (6)(0.735) (0,002) __E:Q__E

| 084




]0.558

*10.55 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. P10.55a. During flood conditions at this location, the river
has a Manning coefficient of 0.040 (becanse of trees and brush in
the floodplain) and a cross seciion as shown in Fig. P10.555.

Determine the ratio of the flowraie during flood conditions to that 20 ft
during normal conditions.

e —1000 ft
) '
IFIGURE P10.55

) Q=7 H Rf:a VT; ) where A, = 12 t(800f4) =9600 2 B =212+ 800f
| = 8244,
so fhat R/, /9 /i oA
= %aaHZ/( 824 ) = 1165 ft
Sf'm//fir/x,
@ @25 X4 R S wbcrg A, = 20t (800H) +6’H(/0wm 24000 f2
B = 800ft+1000ff +2(20f4) = /8401t so #,,,7'
Ros= A /R = 24000842 /(18408 = 13.04-1f
Thus, fr‘om Egs. (Dand(2) wilh S,,= Sep ,

2/3 | 2/
Qb e Ab Rus~ ¥Sos L Ao R
X 2/ o /3

@a Ta A& qu Soa Mo A“ Rh a

(3)

B)/ vsing the given ana' calcv]eted dafa',

9.& {093 )( 24, oooﬂ’f) ,3,04101;)?-/3-: 2 02
Qa Q.04 q,600 f42 11,45 F1 .

10-5%
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7
]O.56
_ : 6m
e v .
10.56 Repeat Problem 10.54 if the surfaces are smooth concrete T R ) . Congrefe
as is indicated, except for the diagonal surface, which is gravelly Oé T @
with n = 0.025.
o5m} 3m
FIGURE P10.54
%4 s
Q @;"'Qg [} ﬂﬁh 5 ﬂz /?2_ sz 50 s wbere K=J') 50== 00002) (1)

n,=0.025,and frem Table 10.1 p,=0.0/2

HISO /q;”szsom)(3m)'f50m P = (1.0* *302)4“3/6,”

~ = L50m*2 -
and o By =5 = Sagm = 0475 m
A, = (327)(1 S5m)=45m*, B =aosm +3m+L5m = 5m
o fz _4sm*_
or f?bz z"- Sm 090,”

Hence, from Eq.(D:

62—0025(1 so){o 475" (oooz,) +
or 3
Q=173 L

ey

00,2 (454,(090) (ooog) %

Note: With all surfaces copcrele , 0=18 2 2 (see Problem 10.6%),

[0-56



)0.57%

10.57* Water flows through the storm sewer 3 e s rﬁ::ob‘e
shown in Fig. P10.57 The slope of the bottom is ' h
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 sn’mlar to that of a
clay tile. '

“~Clay tile

" FIGURE P10.57

@) For O<y =0.5m: The flow is the same as that iy a circvlar pipe.
Tbu; from Example 10.5 wn’b D=lm, X=1, and n=0.0r% (Table /0 DE

ck D% (9-singy™? 2m V6 ()% (g-5in6)"

@ o 8 (4_)’/3 93/3 o 014. Foom/ o (4)2/3 6‘*‘/3

or '

Qﬂ 0.251 (&~ 6;’,@6) *" ) where B~rad (n
and g = p pos!(25Y ) \/{8\/—

| o5 - \J/

(b) For y=o0.5m: , F——2.5m —

Q=0 +0, p WbQPe y-0.5 (2)

“Kop¥ek ot _oom 0 T KW

@= I A Rh, 8o %, with n,=0.014%, rlo%m @ L%m
A= E(osm)"—oa?sm’“ P=m(0.5)=1.57m so that

fy- 4 -85 oas0
T/ws

&=5 O—,—,;(o 3?3)(0.250) 7 00 =0.787%
Also,

24 li :
Q=% AR, S*, with n,=0.025 (see Table 10.1) (2)
A, = (2.5m)(y- a.s) 2.5y =125 qnd B=2(y-0.5) +2($)=2y +0.5
Hence, with R;,,_ ; Eg.2) become.s o
) - (Y 0.5) 2

Q,= b‘,’c';i's' (2.5y—1.;5) (2y+05)% (755 ) 0 ayrna®
Therefore, % .

©=0.787 +13.0 W05 ° 2 [ ysom (2)

(zy+0.5)°% S
Plot Q=Q(y) for 02y =L.7m vsing Egs. (") and (3).

(con't)

j0-57




10.57*

(con'H)

become ]3,0(

@=0787 +232

If the enfire surface were lined with material with n,=p;=0.0/4,
Eqn. (1) wovld remain valid. The coefficient “13.0" jn Eq. (3) would

0,025

e ]

0.0/

)2-23-?—'. For this case,

(Z-ro..s /3 -m_-?
(2y+0.5)7 S

for y=20.5m

This resvlt is also pletted (i.e. @ from £¢. () for 0<y<0.5 apd
Q from Eq.(%) for 0.5<y=/7m),

With n

¥

OO OO0 0O0o
O~ Ch g WO

m

With n

o O

Qoo oOOCO

WO WO

=2

c.

[} iR & s I e FE B

NP ] U1 W R W~

025 for
Q, m3/s

.552E~11
L293E-02
.381E-01
.089E-01
.315E-01
.870E-01
.837E-01

.367E+00
.853E+00

.014 fox

@, m3/s

.552E-11
.293E-02
.381E-01
.089E-01
.31%5E-01
LB70E-01
.138E+00
.822E+00
.689E+00

-

part of

P s B R RO

\ .

the channel

P I B = PV RN LS B S e N o]

LLO7E+00
.010EA+BO
L 6LE9E+00
.315E+00
.003E+Q0
.708E+00
CAZ6E+00
L1I57E400
.897E+00

SO R W g

the entire channel

N i =l i o el e O
N O E W R DD

3.678E+00
L, 754E+00
5.8%94E+00
7.083E+00
8.310E+00
2.568E+00
1.085E+01
1.2315E+01
1.348E+0D1

-

(4)

[0-58
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. @ g i@
10.58 Determine the flowrate for the symmetrical channel shown - 51 ' 3 ' C33)
in Fig. P10.80 if the bottom is smooth concrete and the sides are \5/,.,__ Yy ___..]' N

weedy. The bottom slope is §¢ = 0.001.

Q=0,+Q*Q; = §,+2G; , where @ =5 AR5 8% with K=149
ﬁ/go A = GHM4)=12f1* | f,= J—(.?H)(#ﬁ) 6#* P =4H and B=5f1,

2 ¢
sofbaf R;,,-—»—~--!W--=3H and Ry, = 5 "—%%——'!.ZN
Hence, with n,= o 012 gnd n,= 0.030 (see Table 10.1) we obtain’

§= égf; (12)( 3) (0001)%(2)0’;50 (&)(.2)% (0.000% = nqg &

[0-549
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10.59 |

10.59 (See Fluids in the News article titled “Done withont a GPS
or lasers,” Section 10.4.3.) Determine the number of gallons of wa-
ter delivered per day by a rubble masonary, 1.2-m-wide aqueduct
laid on an average slope of 14.6 m per 50 km if the water depth is
1.8 m.

2/
Q n HRh 3v——-l
where A= 12m (). 8m) =2./6m* and
P=l2m+2(.8m)=48m s0that
R, =A/P = (2.6m*) /(% 8m) = 0.%450m

Thus, w:JbK 2/ i
51 14,6 2
Q =55z (2aem) owsom)(gaca) = 0867 m%s
or
- m? 36008\ [ 24hr | f1® I728‘m _lgal
Q=08675 Thr ( -’2“)’)(0.0183”7) )(zsun
=19,8x10° gal /day
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10.60

(1

I A
10.60 Water flows in a rectangular, finished concrete channel at T T E L
a rate of 2 m®/s. The bottom slope is 0.001. Determine the channel RSO an,
width if the water depth is to be equal to its width. j‘. R L A
e @ —]

2/3 3

X |
Q=7 AR, Vs, , where S,=0.001 and =21
Alsa X=1I and from Table 10.1, n=0.0i2

For the square channel
= % z .—5— = ,_gj. - 4@
A=a and f\)}) P " 342 3

Thys, from Eq.(/)
3 2/3
22 =55 @'(5) Yoooi
or
aa/s ~ /.58
Hence,
a=11m

J0-81




10,61 An old, rough-surfaced, 2-m-diameter concrete pipe
with a Manaing coefficient of 0.025 carries water at a rate of
5.0 m’fs 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.

X %4 V-—-—F
q)o!d - -nald ﬁofd Rhg’d s"e-ld )
and
Qnewﬂ 'ﬁ;; /qnew R’? l‘ Stnew (2)
where @, <t analS‘ = Sopent

Thus, by equating Egs. ( l) arm( (2)
2/2 WA
/qo!d Rbgm - Aﬂew Rbnew

Ry nnew 2 )
But for a half ful/pf,oe A= 1[ D* and Ri=p = f ;) = 7;’%
k Thus, -

AR = ZD'(F) i so that Eg. (3) becomes

M( DH) - B8 new( new)
n,

14 Pnew

or 03/3 D 8/

= hew
n"‘d nﬂeti
Th Vs, 3

= [ Vnew _{0.012 -
Drew (?i'o,d) Dold (o 2.5) (2 m) _u—-—--/_.s.z___m..
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10.61. ]

10.62 Four sewer pipes of 0.5-m diameter join to form one pipe
of diameter D. If the Manning coefficient, n, and the slope are
the same for all of the pipes, and if each pipe flows half-fuli,
determine D. _

Q= 44, , where &= %A 3%34 and Qo-—'—K Ao Rl S with
- _A_Fp®

=y, Soy = S5, i f"z, Rn = = ETREE

ﬁo"g(&S) and Ry, = : = %—-5

Thus, from Eq. ()

%z 24 :
/9; R;,j ? = 5‘/95, th"e ar'.

’
27 .
For (2)5- 4 El0sP(%)"

Hence,
8 8z
DY = 4(2)7 or D=0.8%Im

(n

J0-63




10,63

10.63  The flowrate in the clay-lined channel (n = 0.025)
shown in Fig. P10.63 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 P10.63

= & | where A= —L[b+(b+f,+ﬂz)]y with =328 = st o
and X, "-*-——6%, =2 ,

Thus, 58 = 300 or b= 273 ft

2[b +( bt2.46 1212 H1) ’

Also, V"“"' Rh e , Where X=147 and from Table 10.1, n=0.025 n

From Eq.(0, A =4%[2(223f1) +3.46f1+2f] (2 1) =60.0f>
Also, '

"Pehoth +h, =273 20 28 gy gy

sin30° " Sin#5°
Thos, = 4 - g’;"f; =176 ft so that Eq.(2) becomes

5= 149

/
~ 0.023 (1.76) %5

, or 5= 0.00331

[ 0-64




10.64

10.6% 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,

/3

Q=7 AR V5
Let (). denote conditions with the ice cover and ( ), with no ice cover.

Thus,

A; =(#et) (3 1) = lon-“J P=2(40ff)+2(3f) = 94 f

and By = £, /P = 120M* /86 H = 1,395 1
Alse,

ﬁnF ‘fﬁ)/J E} = 40 1‘2); and Rhn "/9,, /l?, = ’7‘”)’/(6‘0"2}/)

Hence, since §: = Gn if follows fhat

A REVS, = A RS

so that with n,=n, mm/ 0r = Son this becomes
/4 Rb?vfs B /4 Rh 2/3

Hence, "
Ha 3
1200395 = 0 (5535)
or
2/;
3.75 = y(--—Z—-) y )
%0 + 2y

A standard root- ﬁnd/'ﬂ.; computer program gives the solviion 1o £q.(1) as
y=2.31 i |
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10.65 |

10.65 A rectangular unfinished concrete

channel of 28-ft-width is laid on a slope of 8 ¥ ¥
ft/mi. Determine the flow depth and Froude Y
number of the flow if the flowrate is 400 {t*/s. ; 2600 ¥ 1
2% ot 8 {t
Q ’“'Tl)iﬁR], 50 ; w/)ere Kz/-‘ﬂ“?) o = L2801 =0.00ISI.5’ and

from Table 10.1 n=0.0/4
Also, A=28Y and P=2y+28 so that Ry=4=-25L

P =2y 128
Thus 149 (_28y V% y

or o
0.5q4= —Y =
, (v )Y

}/ ence

¥

O.458(y+14) -y5/3 =0 (N
The solvtion to Eq U is y= 2.23ff
Thys,

3
= -Q = #00#’ = 6. /‘&
V=% = Zomiz 238 s

so that

s &

et = = 0.756
Fr Vay ~ [(s2.2 R)(2.23)]"

Jo-bb
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10,66

10,66  An engineer is to design a channel lined with planed
wood 1o carry water at a fiowrate 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= 'ﬁ}‘(‘ A R;é 50& ()
Let ( ), denole the triangular cross-section and ( )y dendte the
rectangylar cross- section T2y, —

Ths, G <@=22 , §,. =S =505 "z )i/ |
and /Z:— ny So :’haf Eq.(1) ?w_e% 4 oy —d
AFR”,: =ﬁ._¢ Rﬁf A where R,, = ’é‘ (2)
Hence, )

Az2%*, R =% so that Ry, = 2;)'/[; “2%

Also,

A=2(2y)) = Y , B =20V2y,) 5o that Rhfﬁ"%“‘
T/)us from Eg.(2)

2y (43)% = i lae ) or y= o707 yy
The amovnt of wood js proportional fo the wetted perimeter, P.

Since

R _2¥iy 217y

—

BT tyr  #(0.707)Y,

= I-OD -

the friangle requiresthe same amount of wood as fhe rectangle

10-67
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10. 67

10.67 A circular finished concrete culvert is
to carry a discharge of 50 ft*/s on a slope of 0.0010.
It is to flow not more than half-full. The culvert
pipes are available from the manufacture with
diameters that are multiples of 1 ft. Determine
the smallest suitable culvert diameter.

K ap?Bck
Q: Il ﬁRh ‘SO 7 where K= I,‘ff’ So: 0'001, aﬂd(fram 75-?1)’& 10])
n=0.0iz
For a circvlar pipe hdlf full A=ZD*, P=%D 5o thal ﬁh:.gig ‘“3’

%A
Thus, 500=5t42 (20%)(8) " (0.000% | or D= 5,121

To make sure it is not more than half foll vse the &1t diameler pipe.
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10.68

1068 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 hydraclic jump possible under these

conditions? Explain.

s t
2
e e
/ﬂ 2 | n=0.025
Q=7 ’qﬁhar; where
= Y I

fd 5)’ /?6 g 2yté So © Zooft

n=0.025 (see Tab/e 0.1)

T/Ws

#
£0 ¢5Lc3'22§ (6y)[2y+6] (0. 00‘2)

w/)/a/? becames

y 7 = (2y+6) *(0.948)
By vse of a root-finding compuier progran, the solvtion js
y=2.53ff

- @ _ _s0fls  _
Tﬁ”.s; V A — 5(2.53) Fi2 = 3.27 {'{/9
$0 :‘haf
_ 3.29 /s
1@7 [(32 241/5%) (2.53F4) | %~

Since Fr <1 il /s not possible to have a hydravlic jomp.

0.365
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10:69

10:64  The rectangular canal shown in Fig. P10.69 changes
to a round pipe of diameter 2 as it passes through a wnnel in
a mountain. Determine D if the surface material and slope re-
main the same and the round pipe is to flow completely full.

— e

i FIGURE P10.64

Q=£4 Rh%ﬁ: Let (). dendle the rectanguiar channe
and (). denote the circvlar pipe

Thus, since Gr=Q, , np= nc, X=X, Sop =5 it follows from
Eq.(1) that

BRiE = ARS  where A.=E and R=be2()=2b
so that B, = Lr =
: r

and

b
%
| A=ED* and RB=mD
sothat Ry -4 =2
Thus, -
(*9)(?) = (#0*)(3 D)i_ or D=(2)%h = 0.9¢4)

()

]0-70




10.70 l

1070 YThe flowrate through the trapezoidal canal shown in
Fig. P10.7gis Q. Hit is desired to double the flowrate to 20
without changing the depth, determine the additional width, L,
needed. The bottom slope, surface material, and the slope of the

walls are to remain the same.

® FIGURE P10.70

Initially: Q= -;1;’- A Rh(% ¥s,
where A =(3m)(@m) + 2[4 (3m(3m)] = 33 m*
and B = 8m +2[VZ(3m)] = 16.49m

Ai 33m?
Thus, R,,‘. =-;,;f— = el = 2,00m

18.49m
so that
%5 XVs,
Q‘. = _x_ng(s?)( 200 = 524 wy;: m

Finally * @ = —}—.,i A i?hffvg: (X,n,S, are conslant)
where Ay =(3m)(8+L)m * 2[4 @Em)3m)] = 3343L o, where L~m

and Ep:@%l.s/é.#?%/. m
Thus, Rhf.»._ﬂg = 33+3L

B IBFItL
so that . ,
= X¥s, 33432 \3
Q= 703030 (157 ) @

But 0{’2 Q; , so that from Eqs.(Dand(2):
.

(s3+31)( %qffrg = 2(52.4)= /048

A standard computer root -finding program gives fhe solvtion
1o this equalion as
L =8.77m
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10,71

16.71 When the channel of triangular cross section shown in Fig.
P10.71 was new, a flowrate of O caused the watertoreach L = 2m
up the side as indicated. After considerable use, the walls of the
channel became rougher and the Manning coefficient, n, doubled.
Determine the new valve of L if the flowrate stayed the same.

MFIGURE P10.7]

/3 et

Q=RAR VG

Let (), and ( ), represent the old and new conditions.

Thes, n,=2n, | /9” =5 (2m)* =Zm* R,z 4m so that

Ry, =y /= (2m?)/(4m)=% m
Alsg A = 41> B=2L sothat R,,=A, /B =(£1*)/(2L)=L/4
Therefore, ysing Eq-() with §,=Qn gives
_fi)%, ﬁa Rh:/3 Sop = %}, 19” Rhtfgﬁ;_

v

or since S

(1)

en = < )

A >33 /3
1170 ﬁn R};t ? '"'77]-,-, ﬁn sz,,
_By vsing the above data this becomes
! 2L 2
o (£02) () " = _ﬁ’; (2m*) (L) 78 o 152 = 8 (2VF

gr
L=2.59m

j0-72
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10.72 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 ftin 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.

7 3564 S
Q= KIQR};% Sﬂ% ; where K=149, S = 208 =0.0833, §= 6'0%

and from Table 10.] n= 0.0i2

Also (see Example /0.5) A= ""( 9 -5in6) and

Ry= .!l‘g-gﬁ’ﬁfl | where D=2.511

Thus, -

Q:: %{ So‘t 8(4)% [ ('9 ef;”e) R where 49"”“0/,
y Wil ¥ (2. (6 - sind)%
e - Sif
6.0 =502 (0.0833) W[M@W ]
Hence, , .
0.293 8§ (6-5/n6) % 00252 0~ ~(0-sin8)” =0 , (1
Using & standard reol-finding technigye gives the solvfion fo Eg.() as
@ = 1.574 rad.
Thos, 6=(1.57% rad)( 1%9'{;9—) = 90.2 °
or since
y= “2‘(’ -'co.s(—e—)) it follows that *Q %
=(%5H)(I“cos(iz;-’3)) = 0.368 fi %/_
. y +_2Q cos-,ej = -g—
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10.72  Two canals join to form a larger canal as shown
in Video ¥10.6 and Fig. P10,7.3. Each of the three rectan-
gular canals is lined with the same material and has the same
bottom slope. The water depth in each is to be 2 m. Deter-
mine the width of the merged canal, b. Explain physically
(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 (ie, b <4m + 8m =
12 m). '

#® FIGURE P1G.73

Q3 = Q; + Qz thf‘t? 'FOI" 6951)2}3

L%
Q[ = 7):5: Az' Rh 3V§0—;

‘

Thos, 2
X EX Tl % Vs + X4 R
E AJ Rh33 V:ggs = 'ﬂrﬂ lé)z ha ng. + '77—; /qf Rh, 3 _VE; (,)
Bul n, =Nz =Ny and So; =502 = Sa3 S0 7%"71‘5‘?' (1) becomes
/3 %/ L% . - (2
/q_‘g Rhs =/42 ha -}.AI Rh[‘? | (22
where - b et
fqls Zm(éﬁm):gmz ) E=(2*2*“)‘3m So 'H’Iﬁ?l Rh' _ﬁ P 5—5’771“ =/m
: 2
A= 2m(8m)=1ém” B =(2+2+8)=/2m so that R, = ﬁpf = %’g’- =/,333m
and -

A_g = Zb mz‘j' % =(2+2+b) =(b+9‘)m Y4 'fbaf Rha:-: % = )
7711/:3J E?. (z) becames

2/ 2z 2
(Zb)[ﬁ.%] 16 (1359 + g (1 = 274

or 2, _
b'% =8,63(h+4) ’ : (3)

Using a standgrd root-finding fechnique gives the solvtion to L7.3):
b=10.66 m | |

I 1( ﬁ?e fwo Or’l'g/'ﬂa‘/ Cbnalr mer‘yed 11'0 farm a /Zm' wio{e cha/', 7%9
waler depth wovld be less than 2m becavse withoot The two walk here
wovld be less friclion force hold 1he waderback. Thus, {o mamtain
the 2m depth we must have b<izm.

72 [ SR I N R
| #m le e G —al  fe—j2m——

[0-7#
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10.74 Water flows uniformly at a depth of I m in a channel that is
5 m wide as shown in Fig. P10.74. 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  width =5 m
of the same material and are constructed with the same bottomsslope. w1 G U R E P10. 74

@y =@y, where ( )y and (), denote upsiream and downstream conditions.
Thus, since (?-’«-;,}% A R7Ys, if follows  that

X 2/3, _ ._'}S_ 2/3 47—
T Au Rhy Vs—o:; " np AD th vson
ﬂ/SOJ Sou:'sob aﬂd nu = nb

Hencg..
M Au Rh;‘/g =-’AD R},i/g, where /)” = (Im)(5m) :5,,,2') 3 =2{Ilm)+5py = 7’":

50 that Rhy = fl, /ﬁ,‘ Sm*/7m = 0.7/%m.

Alsg Ay=b° B=3b sothal Ruy=A,/B =b*/(3b)=%}
Thus, from Eq.():
(5m2) (0718 m) = 12 ()%
or |
bz 2.2Im
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Concrete

. L
10.75 Determine the flow depth for the channel shown in Fig, 10 m

P10.5%if the flowrate is 15 m’/s. :

BRFIGURE P10.54

X % o 3Im
= —ﬁﬂﬁhs Sa,iJ w/)ere: }{"’1, s 3600 .-:0.90% ﬂﬂd ,C‘,.W” 7&5/8/0-//7‘-'0.011

Also, A=3y+4[3y-0.9)(y-0.5)=2y*+2y+2  [-3y-05 .
P=y+3tos -]—[(y«-if_)z_,, q(y__ig_ 1] 2 \f%\:}ft_o y

= y+3.5 +Y10°(y-0.5) = #16y+1.92 oisjm J
| / Lt |
Hence, with By=4 and Q=152 we oblain 3m
- ! ‘ -l 34 } %— I .
I5 = gz (157" 415y $0375) oz (0,009
or o4 |
2.0‘!-(5‘.Iéy+/.?2) --.«'..Sy‘2 -/,5),-0,375:0 n
Using a standard root-finding lechnigve, the solution 10 £q. (1} ic found to be
=[.22m
3

lo: Since ¥ <1.8m the waler
ote does ﬂo¥ combact the lefi
vertical wall.

j0-76
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10.76 Rainwater runoff from a 200-ft by 500-ft parking Iot 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.

2 t .
Q=L ARSS", where K=149 S, = 52‘;; T = 0.000568, (0
b D2
A=ZD* and R, = .g_z £0 _ D

From Table 10.1, n =0.012 '
Also, § = ﬁ, 1 T, where r = rainfall rate = 1.5%7;‘

Th ,
® - (/-OOH)(.SOOH)(I.S )(12%)(3;5'53) =347 &£

Hence, from Eg.(1):

347 = 5‘-'35‘72—‘ (F0%)( —,%)% (0.000568) %

or
D.ﬁ 644

J0-77
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10.77 (See Fluids in the News article titled “Plumbing the Ever-
glades,” Section 10.4.1.) The canal shown in Fig. P10.77 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, —
bottom slope, surface material, side slope) are to remain the same. b6 ft—nte—L—

: M FIGURE P10.77

10H '-E

r

Let (), dendte the original canal and ( ), the widened c;wm/.
Thus,

2/3
m Qp‘%{;ﬂaﬁho VS, and
2/,
(2) Qw=f% A, Rﬁjm , where Ny=ly and So,= %,
Hence from Lgs. (1)and (2)

Gw _ X e R VS A [ Row\?3
(3 -(-9—; - ;‘ZwﬁwR;ﬂ V,_i = ﬂ: (R::w) ) kfﬁ&‘/’e Qw;:z Qo
e Mo D4y Soq o 2.5

?
Also, A =% (s1tl0fi)(21)= 15 f* 284 //'\

R= &t +2(3.208)= 1141} 50 that 5
Ry, <A, /B =15t/ 114 ff = 1316 #1 L=[2.5*+2*] "ft=3.204f

and

A, r—-,f[(gﬂ +) +(zoff+ A)](zﬁ): (15 +22)
Re= 5H¥L +2(3.204) </).4 +L )1} 50 fhat
R, . By /B = (15 +2L) /(11.444L)

Hence, from Eq.(3) with %’;’ =2

(15+2L) [ Us+200/1 "
4 2= [ 7.30¢ H‘w“} , where L~ft

By vsing a standard root-finding program, the solylion to Eg. (4) is
determined fo be L= 5.9 ff

[0-78
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10.78 Water flows 1 m deep in a 2-m-wide finished concrete l =
channel. Determine the slope if the:ﬂowrate is 3 m/s. Im
2.t ——]
- X AR re X1 and from Tab -
() Q=2AR, VE;J where X=l, and, trom Table 0.1, 1 =0.012
' A/.s‘a

A = (m)(2-m) = 2m"

and
h P © (_g,ma‘/m f/m)

f/encﬁ w;{h §= 3!!” Eg(l) becomes

m* .
-3'3" 00;2_ (lm )(0 5”7)
or
S,=0.0008]6

m—r e
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10.79 Water flows in the channel shown in Fig. P10.79 at a rate
of 90 ft*/s. Determine the minimum slope that this channel can
have so that the water does not overflow the sides. The Manning
coefficient for this channel is n = 0.014,

-HBFIGURE P10.79

() Q=KARVS . where K=149, =00/ and  =90%

A ij
A = (28 () + ATt = 1228 H>
and

A /#.28 HE

Ry = P (2fit2 M) T /.38

Thus, Ffwm£§7(0
90iL = (/‘fl&ﬁ"‘)(/%?ff) V"'

or
So=0:00226
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L 12 ft - i

1080 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. P1080, de-
termine the minimum slope needed.

i

FIGURE P10.80

= -ﬁ)i Rhgé So% y where X =149 and E}, = ..é—- W

A=F(af+126)(3H) = 24 % and P= 44 +2(58) = 144

Ths, Ry = 2L < L7
From Table jo.1, n = 0.022 so that Egll) gves (with V=2.5 )

WA s % -
2.5 =25 (L714) 7S, or S, =0.000664

10.81

10.81 The smooth, concrete-lined, symmerical chancl shown in | 12k |
Video V10.7 and Fig. P10.80 carries water from the 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.

e
FIGURE P10.80

24 .o .

V="K R," S, , where X=1.49 and Ry = —é— |

A= k(45 +128) (36D = 24 f% and P =4 +2(5§) = |4

z
77)05, Rh:t: -%:‘Tff— = [ 774 f#

From Table 10.1, n=0.012 so that Eg.(1) gives (with V=44)

1.4#9 2
_4.0 =257 (1. 7/{%) % Sf or S,=0.000505

[0-8]
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10.92
P10.80is dug in sandy loam soil with n = 0.020.
For such surface matenal 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.

The symmetrical channel shown in Fig.

FIGURE P10.80

Z [/
V= 'ri: Rp,/a 3,,/2 s where X=14#9 _gnd Rhsag— o
A=£(4f +128)(35) = 242 and P=4H#+2(5¢8) = |4
T})us, Rh___,_ 24&2:[,7}4#

| JHF o
With n=0.020 and V=1.755 Eg.() gives

24 W
175 = E (L74)° 8% or S,=0.000264
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10.83  The depth downstream of a sluice gate
in a rectangular wooden channel of width 5 m is

0.60 m. If the flowrate is 18 m3/s, determine the = ¥
channel slope needed to maintain this depth. Will Oi‘s’”
the depth increase or decrease in the flow direc-
P b5 ——n

tion if the slope is (a) 0.02; (b) 0.017
@= %HR;,% -5,% , where X=1 and from Table 0.1, n= 0.0/2
Alse A=Em)(0.ém) = 3m21 P=5m+2(0.6m) = 6.2 m
se that R, = —g— _2m* oug¥m

“%zm
Hence; from Eq.(1):

24 ~ X '
/8:6._5)75(3)(0’485‘) S5 or 5,7 0.0i136

Wilh S,=0.02 >0.0i36 the velocily will increase and the water
will becomes less than 0.6 m deep.

With S,=0.01<0.013¢ the velosily will decrease and the water
will become greafer thon 0.6m deep.

N
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10.8%  Water in a rectangular painted steel
channel of width b = 1 ft and depth v is to flow

at critical conditions, Fr = 1. Plot a graph of the ]
critical slope, S, 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 i —
depth?

2/ |
V= KR 5% here k=149 and from Table 101 n= 0.014
‘ n'th e ,

Also, Ry=+ = 5far and with ”"T{VV =1, V=Yg
], —— 1.4

Equation (1) is plotled below. To determine the minimom crifical slope

ds ..

set Toe 0, Thatis*

ds 2y e#T 21 alaysi¥@yy -Gy

oc x(-é‘—)(o.oozaf%)[w—ym—’—)*] [ Ry Ty J:O
dy Y y
Thus, y =4 sothal from Eq.(1)
(%+4))* 4

S =0,00284 [——é—,———-] = (0,00757

% min & ——

If S,<0.00757 crifical flow cannot occor at any depih.
The follawing valves are obtained from Eq.(1). Note fhat

4%
lim 8, =o.0028% lim [m_]s =o2 and lim S, =co
y—=0 ¢ y=0 4 y—o0 ¢

See next page for 7/‘0;,0/)&,

(con't)
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0.045

Sec VS Y

0.040

0.033

0.030

0.025 4

SOc

0.020

0.015

0.010

0.005

0.000
0.0

1.0

2.0
y. ft

3.0

4.0

5.0

0.0090

Spe vs ¥ {expanded scale)

0.0088 +

0.0086

0.0084

Spc

0.0082

0.0080

0.0078

I~

!

D . =0,00757
O,cmm /

0.6076

0.0074

0.0

0.1

0.3

0.4

0.5
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10.85 A 50-fi-long aluminum gotter (Manning coefficient
» = 0.011) on a section of a roof is to handle a flowrate of 0.15 £/s
during a heavy rain storm. The cross section of the gutter is shown
in Fig. P10.85. Determine the vertical distance that this gutter must
be pitched (i.e., the difference in elevation between the two ends
of the gutter) so that the water does not overflow the gutter. Assume
vniform depth channel flow.

E )3 in.
el GeAl-RE, P10.85

Z/ .
W Q= ;< AR VS, | where X=149 1 =004 and

&
A = (S5in)(3in) + 2 (Sin ) {(Sin. tan30”) = 22 ;2;'n.1(7#%;)=0.15%ﬁ’“
Alse, p .
R, =5, where P =(sin)+3in) H(S25) = 13.77in. (1B ) = ) ps if
Hence,

o fi?
Ry = Trgs 57— = 01341

Thus, from £q.(1)
3 ) 1/
0. /5,51‘5& = é___..;'jf(a_,;ecﬁl)(o,/wﬁ) s,

so that

5= 759x16" s =
But h o
S, =B

so that

h =(501) 5, =(Sot)(7.5¢x10%) =0.0377 = 0,521,
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10.87 Water flows upstream of a hydraulic jump with a depth of
0.5 m and a velocity of 6 m/s. Determine the depth of the water

downstream of the jump.

—Yf— =5 [ +{ |+8Fy |, where

Fr;"’ Vi . Em/s

g CgEmevasmy 2
Thus,
Xyﬁ =2 [-1+)148(2.2] =3.36
so that

y, =3.36(0.5m)=1,48 m

Y

_...—g.vg

A ..-a.vz.

//7’///////////// )

[0-87
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10.88 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 o be 1.5 fi, determine
how fast the boat is traveling when it passes through this standing
wave (hydraulic jump) for its final “splash.”

~ 2.0ft ’

¥
-%/% = é-[“/ +/I+3F;’}2] ..ﬁ.. 1.5H=Y, 7 };2.
10‘54"!’[.-{{ ____L _ . . 2 /,f/////////////
or (£ x3in )=£[-1+ 1485 ]

Thus, Fr, = 1.97, or sin Fr, =
2 ! ce r; W ff
V= Fr a7 = 197 2.2 8y 15/ =13.7 2

10.89

10.89  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.

Yo _ L2m
YT 0.3m 2}:""‘4“8’:;?] or Fr,=3./6 T/Ius since F;)

it follows that V= (.a./o[(q.szg%)(o.sm)] = 5,42 £
The power dissipated is given by

2 .. 2
P=¥@h,  where b—‘f’— = l*--)f?‘--k——Fr‘ (!*(")),%) )
or
h = (0.3;»)[;-- é;‘,'z . "” (|- (,, 3’”) )} = 0.50%m

Also, @=AV, = ybY = (0.3m)(50m)(5.4222) = 81.3 &
T}ws

2=(98 4)(8132°) (0.504m) = 201 LR = 407 kW

(W"*
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10.90  Under appropriate 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. P10,9¢ and
Viden V10.2 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.

# FIGURE P10.90

For a hydravlic jomp:

% = 3[-1+frremr | o

: Vi
O.Z-Olﬂ. . ; 5
05 7. = [!‘f‘ |+ (9}:}‘1] S0 7%&7( F;’; 3./, W
Thys,

V = 3./5V32.2§_ {0.06’//2)# = /. /4 fi

and
Q=AY =27k ) V= 27(Z H)(SEH) (116 £) = 0.00759 5

HQ
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10.9] Show that the Froude number down-

stream of a hydraulic jump in a rectangular chan-

nel is (y/y,P? times the Froude number up- Y, __}__/_;‘-_:V,_
stream of the jump, where (1) and (2) denote the — Y% >
upstream and downstream conditions, respec- e S A A ddd
tively.

Fry ﬁ(mg““)\g"ﬁ@ , where VA=W AL, or W= % Vo= % v

Thes, (%), %
AWV )]

Fas Gr)% Yz) ('9_)';_ Hence, Fa=l) )5

16-90
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10.92  Water flows in a 2-ft-wide rectangular

channel at a rate of 10 ft*/s. If the water depth __L____.._/__—T—
=2,5f

downstream of a hydraulic jump is 2.5 ft, deter- Y 2™

- . - y i Vz
mine (a) the water depth upstream of the jump, _,77?777777_,77{_,777;
(b) the upstream and downstream Froude num- 3 )
bers, and (¢) the head loss across the jump. §=1 o& , b= width= 2 ft

_¢a) U-‘-"e J—[ | ]+ 8t ] wn(/) , =251 so that
3 +)’1 yf?‘Qﬁ": Now, with Fr,” = gY (@g/;by,)) = (’f‘/;(zy)ﬁ),

arF 0776 _, we obtain

5ty =Y, [l +8 ( 0.778 )] ,By squaring both sides and Jf}np//'ﬁq'ﬂy we
oblain y*+2.5y, ~ 0521 =0 which qives y, <0228 i

(b) From the above resuvlfs

0776
= oy o Fi=84

Also,

Q _ ¥ _
V=77 = s -2 £ so that Fru-

°F,=0.223

2%
(9)’ )V" [G2.28)(-5f)] %

(c) Also, .
b=yl g B (1-(4))]=02284t] - B + E201-(%228))]
or

hessstt
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10.93
18493 A hydraulic jump at the base of a spillway of 2 dam
is such that the depths upstream and downstream of the jump w
are 0.90 and 3.6 m, respectively (see Video V10). If the spill- g -a
way is 10 m wide, what is the flowrate over the spillway? v" Yy =09m  ¥=3.6m
b= 100m
Ya _ 1 2 3.6m ! 7z
5=z 1148 ], or W = [1+1+8F" ]
He;'msJ Fr,=3.16 bwl Fr, ==t (g )/)‘4 so thal
V= 3.6 [(281%) (0 qm)] =939 2
Thus, .
Q= AV, = by, V=(10.0m)(0.9m)(9395) = 845 2
10.94

10.94 Determine the head loss and power dissipated by the
hydraulic jump of Problem 10,93,

hl:y,[l "_-5-):% '1"‘%‘2("(%)‘)] , where from-;?‘- g:;: 7 HJHBF@]
Hence, Fr,=3.16 so that

b, =(0-am[1- 3 + CX (1 ~($52) )] 1.5 m

Also, 2=¥Qh, , where V,=(g5)% F, =[(9.8/% )(oqm)] (3.16)=2.392
Hence,

2=(9.60 %)[(a.?n)(mm)(q.a?gl)] (151 m)= 12,5005@9@ = 12,500kW
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(0

(»)

10.95 A hydraulic jump occurs in a 4-m-wide rectangular channel
at a point where the slope changes from 3 m per 100 m upstream
of the jump to £ m per 100 m downstream of the j jump. The depth.
and velocity of the uniform flow upstream of the jump are 0.5 m

and 8 m/s, respectively. Determine the value of h if the flow
downstream of the jump is to be uniform flow.

Upsfr‘eam of the jomp

& 3am
Vﬂ’—’R 1/~ where S, foou = 0.03

o (Hm)os
aﬂd Rbf o= Af = m)

Thus I3 (4m+0.5m+0.5Mm) =0.%m
Q =AY, = (#m)0.5m)% (04m)" 503
or o
§,=01887 <
Also,
Yr = L a(148F, L 8% _
7)% [ (I r,)] wbere Fr, = W b 81?;_)(05,”) 3.4/
s,
)—;— = 2 [-14(1 +8(36/)) Y] =443
!
so that
y, = 4.43Y,% #43(0.5m) = 2.3Im
Therefore /} -
A= ;"t‘mJ (2.3Im) = 9,24m" and Ry, = -5 (é‘mzs/mu ) </,07m
<o that

y %5
%% Fh Ry, 1S, = ﬁ(%ze%b)(/ﬂ?fn) Vi

Q,, 957771[?,_
Bt @ =6, so that from £qs. (1) and (2)

0,188 % = 9.67575,,
ar f
SUL‘ 0000378 = T5om 7(7/6/769/ /7 - 0.0378M

j0-92




10.96

10,96 At a given location in a 12-ft-wide rec-
tangular channel the flowrate is 900 ft*/s and the
depth is 4 ft. Is this location upstream or down-
stream of the hydraulic jump that occurs in this
channel? Explain.

18.75 &

Ve§ =200 75 o that Frm ik -

(1) (4)
Since Fr>1, the Jocation is upsiream of the jump.

JB2.25)(4£9)

% =/65

j0-34
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#*10.97 A rectangular channel of width b is to

~ carry water at flowrates from 30 = Q = 600 cfs.

The water depth upstream of the hydraulic jump - v -——L——/-_Ft

. that occurs (if one does occur) is to remain 1.5
- ft for all cases. Plot the power dissipated in the

>y =L5ff

v

~ jump as a function of flowrate for channels of
width b = 10, 20, 30, and 40 ft.

P=06h, , where hy[1-(8)+ B(1-(17)]

a nd

Also,

—

ry—

e
(gy)’é

};’- :%[ H}Hs}’:ﬁ ] , provided Fry 20

, where Vj=4 =

; TgQ"g s0 that

Fr} -

[z 2B 0]

= 0.0959 % Hence, from Eq.(1)

H(/s)[l ( 2 + (0. 00460)(2) (1- ( ))J f, where b~ff,9~-fgf

and from Eq.(2)

#=2[1+(+00735(~5)) ]

For the given valves of plot 7 from

£4.1b

=52*‘*@/7£ for 30<Q <600
Note It Fr, <l there is no jump and P=0 . From above, Fr;=/
when Q= gogz0 = 104b

Let @, =flowrafe when Fr, =/, From Eq.16) we obfain
b, ft @, &
10 104
20 208
30 3/2
40 4§16

With b=19,29,30 or %07 calcolate and plot 79 from:
a) P=0 if G)‘QI

b P=ga4 Q};

J

y“ from Eq. f‘f‘) if @=<Q<éo0ft

leont)

where obtain b, from Eq. (2 with

Pl YA ey

(2}

(3)]

4

(5)

(6)
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The results of the above calcvlations are plotied below.

1.E+06

1.E+05 - [

1.E+04 = -
-
/ - Lt
4

,/
® .
> / . ’ -
£ 1.6403 / y - ,
. s P
& ,’, K ’
, e
1.E+02 - 7
:’ . g
i 7
1 . r'
1E+01 - — :
} . ;
I : !
/ i : !
1.E+00 L — 2 . :
0 50 100 150 200 250 300 350 400 450 500 550 600
Q, cfs
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10.98  Water flows in a rectangular channel! at
a depth of y = 1 ft and a velocity of V = 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. P10.98. Determine V,,. Note that

e

this is an unsteady problem for a stationary ob- : T S
server. However, for an observer moving to the . FIGURE P10.98
left with veiocity V., the flow appears as a steady ' B :
hydrauhc jump.

77

7

For an observer moving fo the leftwith speed V|, the flow appears as shown below.

Thus, treat the flow as q jump with

F' ,.__!;__.J (20+ V) L= =|f [ { —

gyt 280119 % 2 =y
or- ? I [(32 )( ] y#‘iégg:/\'/w///}//vi/f/
Fr, = 0.176 (20+Vy,) | 2
Vi |74
/)/? ﬁVﬁVz,or -—-);;—~-V;=--2--3-5--4"’- 2)
-)—/3- = [ -1 +[1+8F? } which when combined with E¢s.()and (2) becames
201+ W

Vo --é-[q-rj[+a(o.175)2(20+\4,,)"]
w

or L
2{20+ l{,,)* Yy = Vw ([+(0.248)(20+Vw)z)2'
or .
(40+3V, )" = V[ 1+ (0.248)(20+V,) ] which can be written as
0.248V," +49.92y° +fnzv -240Y,-/600=0

By vsing a standacd root-finding program, the solvtion te Eg. ()
is determined fo be V, =436 fi/s.

(3
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10.99

10.99 Water flows in a rectangular channel with velocity
V = 6 m/s. A gate at the end of the channel is suddenly closed
so that a wave (a moving hydraulic jump) travels upstream with
velocity V,, = 2 m/s as is indicated in Fig. P10.98 Determine
the depths ahead of ‘and behind the wave, Note that this is an by
unsteady problem for a stationary observer. However, for an B o e
observer moving to the left with velocity V., the flow appears f
as a steady hydraulic jump.

FIGURE P10498

F " . i B
s ?s;::w 912270:51" moving o the left with speed Y, = 28 }he flow appears
V=Vil,= 85

77)1')'.‘;‘J treal as a ijP wr”) Vi — S )5 ;é_-;_lfygz%
2

V,’*'B%!' , %_52?92 777777‘77-7;777—777"
Since AV =AVe or %= =85 <4 it follows tha

Vi 28
.2);;1_=,i.[-—;+]/1+3p;,1']=4 Hence, Fr = 3.1¢
=V
However, j;} G ;G 3 Saz that
A (L » S
Y= URE T aimeaer - 28327

and
Vo= 4y, = 4#(0.652m)=2.61m
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10.100 (See Fluids in the News article titled “Grand Canyon
Tapids building,” Section 10.6.1.) During the flood of 1983, a Jarge
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-fi-tall wall of water, and exit-
ing at about 10 mph.” Is this information (i.e., upstream and down-
stream velocities and change in depth) consistent with the princi-

ples of a hydraulic jump? Show calculations to support your
Answer.

Is the qiven data consisfent

. - B / : y
with a hydravlic Jomp? V " 2
Vl=30mph=46‘f//3 TTTAT T T T T/
\,=10mph = 147 /s
y,-Y, =20t

From conservation of mass: AV, 2 AV
or y, V, = Wa Vo since b, 2widih = by,

Thys,
Yo o Vi 4l
Y 5" s - 2 0

Also, for a hydravlic jymp

L= L (1448 R so that 2.99 = H(-1+|TR8RT)

or |
Fr, = 2. 4%
o e
Thus, since Fr, = Ty it follows that
244 = wftls or = 10.1 ff . s0 that from Ecg,(l,l

(32.2 f/* V;JV"
y,=2.99y, = 2.99 (104 ) = 30. 2
HEI?CCJ fhlﬁ q;-yeﬂ dﬂfq q/'[/E.S‘ )/2-'% :30,2f{,,/&/f1¢ ‘_:20‘/{,}112

which is surprisingly close fo the reported depth. Yes, the
data is copsistent with the principles of a hydravlic jomp”—
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10.102 Water flows over a 2-m-wide rectangular sharp-crested J’
weir. Determine the flowrate if the weir head is 0.1 m and the r ~ Q Pae H =0.im
channel depth is 1 m.

—~ B \

/'/////)i 7777

(1) Q=Ch% VmbH , where b:ZmJH=0,Im

ﬁj,&o ,

Cur = 0611 40075(££)  where B, = Im=H = Im=0.Im =0.97
Thus,

G, = 0. 611 +0.075(g5-) = 0.8/7

S0 fhm‘ from Eq. (1), | 3

Q=0.619(%) Vz(qg;m (Zm)(oxm) 2 0.116%

] 0-100
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10.103° Water flows over a 5-ft-wide, rectangular sharp—
¢rested weir that is P, = 4.5 fi tall. If the depth upstream is 5

fi, determme the flowrate. - < N ¥
3 VA T e add .
Q=C,,. 5v29 bH™* | where er=aéll+0.075(~%) b=s#t

with
H = 5 ft - 4.5ft =0.5

Hence, Cur =061 +0.075 (32f) =0.619
and

Q = (0.610)(2) (2 2281 )% (541) (0.5V% = 5.85 &

10. 104

1008 A rectangular sharp crested weir is used
to measure the flowrate in a channel of width 10 = 5 Dﬁ T
ft. Tt is desired to have the channel flow depth be -Pr

6 ft when the flowrate is S0 cfs. Determine the _—’ 5‘”
height, P,, of the weir plate.

///////// Ty A4

b=l10f{
Q=C, 5 V2g'b H3/2’ where H=6ft-FK, and

C,y = 0.6l +0.075 -g;
Thus,
Q= (0.1 +o.o75(6 P"’) -*)(29)‘;5 (6-R

or

508t = (0,611 +0.075 (45 P"’))(a)(é"“f £y (10#4) (6-Ry) , where By~
HCHCE

[8 5+ L6 R")](s w) ~12.5 =0 - | o

By vsing a standard root-finding program, the <olvtion to Eq. )
is found to be K, = 470f},
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10.105 Water flows from a storage tank, over two triangular
weirs, and into two irrigation channels as shown in Video V10.13
and Fig, P10.105. The head for each weir is 0.4 ft, and the flowrate
in the channel fed by the 90°-V-notch weir is to be twice the

flowrate in the other channel. Determine the angle 6 for the second
weir.

m FIGURE P10.105

5

0= Cuck Hun(2)157 H* '
where | |
6, '—'qu, H =H, =04ff  and (=26, (2)
Thus, from F?y- 10.21

cmli = 0.990 ]

From Eqs. (Dand (2),
£,
O, 7% f“”(g')@H = Gy, 7% tan (%) V}

or

0.590 tan #8° = Cypy Fan (2 ) %2

or |
CW*:. {an (% ) =0.295 (3)

Trial and error solufion: Assyme 6, = 20°, From Frg. 1021, Cyy, = 0.628
Thos, Gy, tan (2) = 0.626 tan (19°) = 0.110 = 0.295. 7Zm 6, +20°

Re,oeafeaf tries result in the graphbelow from which we Gancfude that
6=53"

o4 +
| 0.3
waz fﬂ"(‘%‘ )

0.2

0.1

10-102
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10.106 Rain water from a parking lot flows into a 2-acre (8.71
X 10* £1?) retention pond. After a heavy rain when there is no
more inflow into the pond, the rectangular weir shown in Fig.
P10.106 at the outlet of the pond has a head of H = 0.6 ft. (a)
Determine the rate at which the level of the water in the pond
decreases, dH/dt, at this condition. (b) Determine how long it
will take to reduce the pond level by bhalf a foot; that is, to

H=0.11ft. BFrFIGCURE P10.106

For a rectangular wein,
§ ":Cw,-:a‘?"@'bﬂs/"} where C,, :0.15//+0‘0757p5
Thos, with b=5 fa‘ and By =241
Q (o.éuwmm ) E TG (SHHA
n Q = 25,7(0.611+00375H)H Yo £ yhere Hfl
dH
@ Also, Q = ~Aopg gt =~ 8. 7/x/o“ﬂ"-§%/
Thvs, from Eqm (1) and (2),
— §7/X/10 o Al - 547 (0,611+0,0375 H) H/

o At
3 %{'I = 307150811 40,0375 H) H * = 1, 87%06 7 -1, 1516 VA
@ Whep H=046H, _
‘jﬂ -1, 87X10" (0,85~ /. 1$x16 ‘5(055‘5% =g 2 ( 027)

— - £
= O.:Bz‘z‘})r

() Infegrate Eq(3) from H=0.4% whent<=0 fo =01 whent =T
Ths, from kg(3)

t=f H’"O[
dt= - ~d¥
£20 gy (l 37’x!0¢l/3”-+/;¢x/a #5/9.)
. or 0.6 /
w T =
(/ $7XTEY> > +1.45x167 H /2.)
/Vumé‘nra. mfegmflﬂn of Eql¥) 7;,/95 T= ,”005(32/725) 553/,
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10.107 A basin at a water treatment plant is 60 ft long, 10 ft wide, T & H

and 5 ft deep. Water flows from the basin over a 3-ft-long, H+P — T
rectangular weir whose crest is 4 ft above the bottom of the basin. W sz Y4 P
Estimate how long it will take for the depth of the water in the {

basin to change from 4.5 ft to 4.4 ft if there is no flow into the ST 7777777777777
basin.

Cor 5 Vzg bH” * where b =3 and ¢, =(o,é//+<3;97_5%"/ )

T/ws
0 =(0.617+0.075 (£)) Vz(sz 2Fy GHH ™

() @ 9.6) W% + 0,30 '™ Y5, where H~1t
/)/So
Q= A 4 - - (oot 4t
»  Q ~-—~5aa§,’ﬂ
Thys from Eqs(1)and (2)
—600-»3 9,91 40, s014 ™

@ jf = - 0.0164 H - 0,000502 ", where H=wafer depih in channsl ~44,
ﬁw‘ with =05 1tfat £=0 and H=04H 4t £=T it foflows That

H=0.#
( it =~ A
(o 0.0/6% /> +0,000502. H3")

or dy
C{{_‘) T = y 3/2 s /;:-
(0.018% H*"*+0,000502.4/*%)
0H

A standard numerical infegration of £g.(%) g/ves
[ = 20,1 s

Note ' From Ecz' (3) ﬁ’f-/ = -0.00589 L H when H=0.5H and - 0. ooz ff
when H =0.4f. Af fhese f‘m‘es wn‘h/& ,_d —-Lﬂ we wovld

obtain T = —O/H/(éﬂ)~-0/H/(-00c158qﬁ)-17os or |
T =-0.1fl/-0.004208) =238 5, which brackels theactval T=20.15.

|0~
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10.108 Water flows over a sharp crested tri-
angular weir with § = 9°. The head range cov-
ered is 0.2 = H = 1.0 ft and the accuracy in the
measurement of the head, H, is 08 = =0.01 ft.

Plot a graph of the percent error expected in Q
as a function of Q.

@=C, £ tan(8)V2g H%, where 6 =40°
Thus,

8- gm0l b

e _[au (B)%+ 1% St al
Q Gt H%

With 0.2<H<l0 H and §H=0.01f} calculate

1 - pbtaining €, d by from Fig.10.2.1.
3 affer obtaining Cui an Lk i dt,,
de, 5Q : di
He |G | G | T :
0.2 |0.60 {~o0.100]| 0.123 H
0.4 |0.588|-0.042| 0.0618
0.6 0.582 1<0.018 | O,041%
0.8 0.58! |~0.005 | 0,032
- Lo 0.581) O 0.025D
The above resvlts are plotied below:
14
i P
10 \
£
6 \
6‘;—70 ) \\
\_\
2
0

0 0.2 0.4 0.6 08 1

H, f

n

j0-105
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10.109 (a) The rectangular sharp-crested weir shown in Fig.

P10.109a is used 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 & flood when the flowrate is 45 ft*/s
compared to normal conditions when the flowrate is 30 fi’/s? Assume

the weir coefficient remains constant at C,, = 0.62. (b) Repeat the

calcelations if the weir of part (a) is replaced by a rectangular sharp- (@)
crested “duck bill” weir which is oriented at an angle of 30° relative g F1 G U R E' P10.104
to the channel centerline as shown in Fig. P10.1095, The weir

coefficient remains the same.

Iﬁ ei;‘ﬁer cqse 3
Q=C,. 5Vzg b B2 = 0.62(3))2G2.2 fifs*) bH™*%

or
Q = 3.32bH™ where Q~F% when b~ and H~ o
(4) From Eq. () with b=20f1if Q@=30#/s then

/
30=3.32 (20/% or H,=0.589ff

If @=4SH/s, then

: 3 o
45=3.32 (20) H,;’J or H = 0,772 ft
Thus, AH=H, -H, = 077211 -0589f = 0183

(b) FromEq. (1) with b = 2 (10f4)/sin30°= 40ff, if @=320ft% then
30r3.32 (%o)/ﬁ:/f or K, =0.371 |
If Q =45 /s, then
45=3.32 (.’40)/{:") or f; = 0.486 1}
Thus, ab, = Hy-H, = 0486t ~0371 1 = 0.5 ff

Note that the “duck bill" weir gives a smaller change in the head than
doas the “reqular” weip.

}0-106
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10110 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 (§ = 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

(@ Reclangvlar weir:

9= (061 +0.075(1L ) (V12T b H*% | where B,=#4
Thos, \
0 [0 61 +007.5( ](—-—— [2(32 2 )]2(20”) H%

Q !07(’0611+00189H)H % where @~% and H~f1 0
Wn‘h <1008 this gives 0.935 = (o mwo/aaH)H
(325+H)H'i -#4.7 =0 | (2)

By using a standard root- fmdmg Program, the solvtion fa Eq.(2) is
determined to be

H= I.Zfilffi

(b) F:angufar weir

Q Wi‘ 15 f'an (E) V.— H = Ut (—?—Xfan 45 )[2(32 2 1L )] HS/z

@ = #28C ,e/'/ wher@ H~1tt and Gy is from Fig. 10.24. (2)
For §= IOO%E‘J assume Cw.’. 0.58 so that
5
423 (0.58) H7* , or H=439ff  Note: The assumed C4=0.58
checks (see Fig. 10.21)
Calcvlate Q forH=Hoo, Ht0.0%, and H,,~0.04 from Egs. (1)and (2):

(Rectangulad) H, f1 | @, cfs (Triangular) H,#t | @Q,cfs
l.254 95.3 , 4.35 48.0
Hoo= 1,294 | 100  Hoo= 439 100
1.334 | 1049 4,43 102.5

With Hto.04ft it is seen thal triangvlar weir is more accurafe
(i.e. smaller variation in@Q). =
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10.111  Water flows under a sluice gate in a 60-
fr-wide finished concrete channel as is shown in
Fig. P10.1l. Determine the flowrate. If the slope
of the channel is 2.5 £/200 ft, will the water depth
increase or decrease downstream of the gate? As-
sume C, = y,/a = 0.65. Explain.

FIGURE P10.111

Q=bg=b Cd a Yegy , where b=60ft a=2ft and from Fig.l0.24
since —g'— = —u—-;— =5 it follows that C,= 0.55

Hence, ,
Q= (6ot (0.55)(2f)[2 (32.28 Yiof)] o= 16704
Determine the slope needed 4o mamfam vpiform Flow downsiream
of the gale:
=X 4R 45’/", where K=14? and from Table 10.1 n=0.012 '
Alsa, 4
v, =C a =065(2f) =13 156
so that ¥ e soft —
ond B (f 3#)6081) = 78 f*, P=(s0+20.3)ft=62.6F
- _78f1%
R,=4 o = 245 i

Thys, from Eq (n:

1670»-0’0”',‘?'a (78)(L245)% S’i , or 5,=0.0222

Hence, the required slope for vmfarm flow is S,20.0222

but H)e aclval slope is S,= ?,%% =0.0128, less then required.
The flvid will slow down and the deplh increase.
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a function of the distance between the gate and
channel bottom as the gate is slowly opened. As- TIPIIIT KT 7T 77

sume free outflow.

10.12  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 ¢_. _La
=5

W=¢9b=15b¢ aﬁ%, where y,=51ft, b= 10t and Gy is from ffg.m-7-5-

Thus, | p .
Q@=¢ (loftla [2(s2.28)(5 " =174¢qa E= , where a~fi

3
a, f‘} %ﬁ. C;j Q: -{-Si //"—__—
. G
o o0 0.6 0 d F 10
0.5 10 0.58 5L9 9
1.0 5 0.55 28.5
.5 |{3.33]| 0.53 142
2.0 2.5 0.5} 183 'gL
2.5 2 | @s0 | 22%
250 :
200 //
» 150 //
E
< 100 =
50
0 i
0.0 0.5 1.0 1.5 2.0 2.5

a ft

| 0-169
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10.113 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.
P10.113. Plot a graph of flowrate, Q, as a function of water depth

upstream of the gate, y,, for 2.0 =y, = 50m,

m FIGURE P106.113

Q‘bi =bCyal2gy , W/)elfe' a=/m-and b=|0m,

Thus,.

Obtain G, from Fig. 1025 with % =2

-

yl,m yi/a Cd Q, mh3/s
2.00 2.00 000 0.00
2.20 2.20 0.25 16.43
2.40 2.40 0.35 24.02
2.50 2.50 0.42 28.42
2.60 2.60 0.47 33.57
2.80 2.80 0.53 39.29
3.00 3.00 0.53 40.87
3.50 3.50 0.54 4475
400 4.00 0.55 48.29
450 450 0.55 51.69
5.00 5.00 0.55 54.48
50
p
50 w//
40
@ /
(2]
E 20
10
0
2 4 5
yi,m

- =
8 = (om) Cs (Im) V2001 Z) (ym) = #43 G Ty, where @~3

when y,~m

[0-110




J0.114% |

104 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.W¥}o calibrate a triangular weir and de-
termine the relationship between flowrate, @, 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, 8,
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, @, over the weir. Use the point gage to mea-
sure 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 upstream of the weir.

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

Resuits: Use the fiowrate-weir head data to determine the triangular weir coefficient, C,,,
for this weir {see Bq. 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.

m FIGURE P10.1H%

(con't.)
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(con't)

Solution for Problem 10.11% Calibration of a Triangluar Weir

8, deg b, in. P,, in. L, ft
90 6.00 6.55 1.50
H, ft t, s v, ft/s
0.231 8.2 0.183
0.224 8.5 0176
0.211 10.7 0.140
0.192 12.5 0.120
0.176 16.5 0.091
0.156 19.5 0.077
0.136 27.1 0.055
0.106 482 0.031
0.091 62.9 0.024
0.088 68.1 - 0.022

Q = VA = V*b(P,, + HYwhere V = Lt

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

Q=276 H**®

Thus, Cy = (15/8)2.76/(2*32.2)"" = 0.645

Q, fir3/s

0.0711
0.0679
0.0530
0.0443
0.0328
0.0270
0.018¢9
0.0101
0.0076
0.0070

0.10

Q, ftr3is

0.01

Problem 10.11%
Flowrate, Q, vs Head, H

Q = 2.76H%°

0.1

H, ft

+ Experimental

[0 —1i2.




10.15  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.)15 to calibrate a rectangular 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; rectangular
weir; float; point gage; stop watch,

. 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,
Q, 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, 1, it takes for the float to travel a
known distance, L. Repeat the measurements for vartous flowrates (i.e., varions 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,
C,,, 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.

@ FIGURE P10.I5

- SO (6004)
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Solution for Problem 10.115 Calibration of a Rectangular Weir

b, in. P, in L, ft
6.00 6.00 1.40
H, ft t.s
0.254 2.2
0.216 2.7
0.184 3.0
0.162 42
0.151 4.5
0.111 6.6
0.060 15.8
0.046 23.8
0.031 384

V, fi/s
0.636
0.519
0.467
0.333
0.311
0.212
0.089
0.059
0.038

Q = VA = V*b({P,, + H) where V = Lit

Q, ft"3fs
0.240
0.186
0.160
0.110
0.101
0.065
0.025
0.016
0.010

Q = Gy, (2/3) (20)"* H¥? b where from the graph

Q=179 H'"

Thus, Cyr = (3/2)*1.79/0.5%(2*32.2)"?} = 0.669

Problem 10.
Flowrate, Q, vs Head, H

115

| e Experimental

1.00
o , %
< ,’
& 0.10 | -
e}
_ y4
/‘ Q=179 |
0.01 : ' :
0.01 0.10
H, ft

1.00

| 0114
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10.316  Hydraulic Jump Depth Ratio

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 Fig, P10.1/6
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; shuice gate;
point gage; adjustable tall 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, yo,
upstream of the sluice gate, Carefully adjust the angle, 8, of the tail gate so that a hydraulic

~ jump forms at the desired location downstream from the shiice gate. Note that if 8 is too

small, the jump will be washed downstream and disappear. If € 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 upsiream from the sluice gate, Yo, 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, Vy, and Froude number, Fry = )/ {gy1)"?, just upstream
from the jump (see Eq. 3.21). Also use the measured depths to determine the depth ratio,
y2/ ¥y, 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.

Hydratlic jump
Tail gate

B FIGURE P10.1}16.
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Solution for Problem 10.116 Hydraulic Jump Depth Ratio

'Experimental Theoretical
Yo ft ¥y, f ya fl. vy, fi's Fry ¥aly4 Fry yaf¥s
0.855 0.055 0.404 7.19 540 7.35 1 1.00
0.759 0.055 0.386 8.75 507 7.02 2 2.37
0.691 0.055 0.367 G.42 4.82 6.67 3 3.77
0.578 0.055 0.337 5.83 4.38 6.13 4 518
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 5.08 8 8.00
0.289 0.055 ¢.233 3.95 2497 424
0.248 0.055 0.211 362 2.72 384
For flow under a sluice gate:
V= 2o - ya)(1 - (yatyo) )™
Theory:
Valys = [1 +(1 +8Fr ) 7y2.
Fry = Vi/(gy))"™
Problem 10.1{6
Depth Ratio, y,lys,
Vs
Froude Number, Fr,
9 !
8
7
/ vd
. 5 Ve ——
= / —a— Experimental
_§ A ~— Theoretical
4 ¥ 7 .
3 /
1 4
0
0 3 4 5 6
Fr,

10 -1/6
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10117  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 Fig. P10.147
to determine the head loss ratio, & /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; Pitot tubes; 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, yp,
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 6 is too
small, the jump will be washed downstream and disappear. If 6 is too large, the jump will
migrate upsiream 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, fiy, as the difference in the water elevations
in the piezometer tubes connected to the two Pitot tubes located upstream and downsiream
of the jump. Repeat the measurements for various flowrates (i.e., various yp 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 /yy, for each data set,

Graph: Plot the dimensionless head loss across the jump, ki /vy, 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 Eqgs. 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.

Sluic; gate  pgint gage

(0}

Tail gaie

*Pitot tubé ® FIGURE P10.17

(con't)
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Solution for Problem 10.117 Hydraulic Jump Head Loss

yo,ﬁ_

0.855
0.759
0.691
0.578
0.492
0.414
0.289
0.248

¥t ft
0.055
0.055
0.055
0.085
0.055
0.055
0.055
0.055

¥, fi.
0.404
0.386
0.367
0.337
0.308
0.280
0.233
8.211

For flow under a sluice gate:

V= [2g%(¥o - YT = (y4lyo))]'™

hL, ft
0.364
0.313
0.271
0.201
0.152
0.117
0.058
0.042

Experimental
V1, fifs Fﬁ
719 5.40
68.75 5.07
6.42 482
5.83 4.38
5.34 4,01
4.85 365
3.95 2.97
3.62 272

hifyy
6.62
5.69
493
3.65
2.76
2.13
1.05
0.76

Theoretical
Fry YalY hyfy,
1 1.00 0.00
2 2.37 0.27
3 377 1.41
4 5.18 3.52
5 6.50 662
5] 3.00 10.72

Theory:
hifys = 1= (yalyn) +FT700 - (yaly2l V2
where
Yalyr = [-1 + (1 + 8Fr4%) )2
Problem 10.117
Dimensionless Head Loss, h /y,
Vs
Froude Number, Fr,
12 ;
10 //
8 /
> Vil —e— Experimental
s 8 // —— Theoretical
4 7
2 //
//4ﬁ?7'
0 :
0 1 2 3 4 5 6
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