I _the e [opE ClIILiIY, © = i 3 < () 1 Wi
Thus, for channcls or_lnnr L:;I;P ca;p 0. F"ra; E:'_'T'Iﬂgl ?ﬁﬁhmi about 1% and cay, “r':l'r“bl; mt;r.;l-
depth multiplied by a correctio ‘vl ves it
use of Eq. (1.02) instead of Eg. (1271 (
ignored. - L“I:‘
. moment on the side walls of 5
Example 1.7 the overturing Juet o ectively, where hiis the Sleep 1.4
l}F‘mr'.r:: that the shear fDECc a g and (17674~ €08 0, respec dq!hur 21
rectangular channel are (/204" €5 . annel. fic
flow and 0 is the bottom slope of the d
L
C
o 1
I 4 z C
;‘f C
; | f
. - » _ YFrer s T T PTRRY
Y L e L i ‘dd_(‘_ose N

Solution ply=dcosl

Shear force, I =%x wlcosO xd  (per unit width)

= l}d’ cos@ = -21—;»{:’ cos’0 (-.d=hcosf)
2
Overturning moment =F x arm =1 xd /3

1
= %;:F c050x§=%}d] cosf = gyh’ cos'0

PROBLEMS
(Take v for water = 10° m¥%s and g =981 m/s%)

I.1_(a) The depth and mean velocity upstream and dow : : : .
horizontal rectangular channel are 4 mand | m and 2 m/s l:::ltjc; m!:rris‘f%lgpallsluﬁcc galg lI'ln ?.
the channel s 6 m. Determine the state of flow botly upstream and'dov.? e o b et
(b) Consider the following data for the Padma (Gan i rtream of the gate,.
3 ges) river at the Baruria station in

Faridpur on the 2nd July, 1989. A = 33.500 =
state of Mlow. Assume that the river js \'vidc.m Q= 36.200m s and B = 3820 m. Compute the

1.2 Water [lows in an open channel alad
12 Ve ‘ i adepthof 1 mand g i
isc mﬁ[): ::.rr:{di éiclcnnrnc the state of Mow if the channe] ismean velocity of 3 mis. Campueiie

i) rectangular with b= 6
1ii) trapezoidal with b =g m'aml =P)
iv) triangular with s = 2 '
sf; pgmb]ohc wilh B =4,m and
v1) circular whose diameter i

IT clementary waves are crcalcdc:'—r:suzs o

upstream and/or downstream ¢

—

S¢ channg| )
% determing g Speeds of th
e wave

20
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1.3(a) The avemge dep R .
(aken by aridal v&avc 1-;\11':;.{.\1\15“'” "l‘ a wide Aver ronnceted (o seais Sl Determine the time
in the river, and (i) whe | from the river mouth 10 30 ki upsicezm (1) when there ;
d e aies of Sall smilifude are T T flow
amplitude are created at U ¢ - ok

m. The waves are fo at the center of o cucular-shape Ty
of waler in the Pondu'?gtll?nr'cafli the edge of the pond in 105 Ejiimalc111:?1[?[}23;[&?:11-1{3%“}[5)':'
q ing that the depth of water in the pond is same cverywl ¢ volune

18re,

;_1: (013152 gl‘;illgi::r}ggg‘3."g°5i[}' vari cs linzarly along a vertical from 0.10 /s at the botto:

flow, 1f the depth uf‘ﬂbﬂ')is ?1T1?."'c the discharge per unit widil, and (if) detennins u‘"?-"lgig ::}E
df’l":ill)ij ﬂl'?dall‘;:'-:ﬁcq::(;g;g- ;flfff]'gl;ﬁf“ ?Iong a vertical as u=1+2zh, wherehisthetotal
Compute the discharge per unit width, tz'lnzd Eﬁl)]ld%]li::ﬁ:‘:fllxgglt;?::)1:];111:\:“cr is 5 mdecp. ()

The velocity of flow i .
Lf(:(l?)lllc Jrcc;:'lgtgtlﬁcoérgo: is zcro over ona-third of the cross-section of a channe! and uruform
ss-section. Comrpute the numerical values of the velozity distribution

coefficients u and [,

b) The velocity i - e
(b) Y15 Zﬂm_lﬂong the lower 20% of a vertical n a wide channel and unifonn

along the rest of the vertical. Compute ' ity distibut
| i u al v ' ]
along s aand J. p 1c numerical values of the velocity distnbution

1.6(a) For laminar flow the velocity distribution along a vertical can be approximated by

, Az
u = Uy Sih—
20

of flow and 1, is

wherc u ww@mﬁm the chiannel bottom, hiis the depth
the velocity st the free suriace. Computz the velocity distribution cosfficicnts © and B and the

ratio («-1)/(B-1).

(b) For turbulent flow the velocity distribution alony a vertical can be approximaled by u e 2z,

whenn = 1/7 (Prandt's one-seventh power law). Determine the velocity distribution coefTicients
Compare the numerical values of

a and P and the ratio (a-1)/(B-1) interms of nand forn= 117.
a and f with thosc obtained for laminar Mow 1n Problem 1.6(a).

1.7 Compute the values of the velocily distribution cocfTicienlsa and [ and the ratio (¢- (p-1)
for the following velocity distributions along a vertical ina wide channel when the depth of flow

in the channel is (3) 5m, and (b) 10 m.
yu=2zh - iyu=2+2zh o
i) u =4(h)’ iv)u=1+2h)
Simpson's rules of numnerical intcgration.
of a sluice pate under submerued

1.8(a) Solve Example 1.5 using the
lic discharge per unit

(b) Figure 1.14 shows the velocity distribution downstrean
condition. Using the wrapezoidal rule of numerical inlegralion, compute t

width, the mean velocity of flow and the numercal valucs of « and B.

rectangular chute has 2 slope of 1H:3V. Compute the press
chute if the vertical depth of water flowing over the chute is 1 m. Also, co!
the overturning moinent o its side walls. ) )

(b) Whilc computing {he shear force and the overtuming Tnoqmnl on the side walls ofa
spillway chulc, an engincer assumed tbat the water pressurc varies lincarly [rom zcro at the l'tr]cc
surface to pgh al the bed of the chute, where I is e depth measured vertically. N::l “:E
computed results correet? 1f not, compute ') the comect values of the Shc-m:\f forfichﬂ: o
overturning moment, and (1) the % crror. “The chute D 1H:3V an .

as an inclination Of 1F82 o e of the
(c) A high-head overflow spillway is shown in Fig.1.15. The flip bucket & Iulnil;ﬁmnlnl
spillway acts o change the direction of fiaw fror

1 the slope of the spillway I'ncc:o
and to discharge (he flow into theair. 0 =27 20m, Iy = mal

hy=hy=la= 1!
. . - . = M n 7 IS p =
over the spillway 15 6.5 m’/s/m, detennine the intensiiies of pressure al poin

ure at the bed of the

1.9(a) A slce
Aa) P npute the force and

21
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Fig. 1.14 Mg 1.15

Answers to the Problems
1.1(a) Upstream: subcritical turbulent, Downstream: supercritical turbulent (b) Subcntical
turbulent
12 (i) 3ms, subcritical turbulent, 0.13 m/s upstream, 6.13 m/s downstream
(ii) 18 m?s, subcritical turbulent, 0.13 /s upstream, 6.13 m/s downsiream
(!'ii) 24 n}'e‘s, supercritical turbulent, 0.20 m/s downstriem, 5.80 m/s downst
(iv) 6 m/s, supercritical turbulent, 0.79 m/s dm\'nslrcam,‘S :11 m/s d{?:'::::trrg::‘n

(v) 8m’s, supercritical turbulent, 0.44 m/s
K ] -~ ) Ve ownsir
(vi) 5.50 Y, supercritical turbulent, 0.29 mys dmm:er. 5.56 m/s downstream

13(a) () 42865 (i) S000s  (b) 20,015’ am, 3.71 m/s downstream
1.4(a) (I)_4‘4 m'/s (i) Subcritical turbulent (b) (1) 10 1 .
15()a=225, f=1.50 (b)u=156, f=125 M7s (i) Subcritical turbulent

L6(a)a=n"16=1.645 P=n¥8=1234 Rus:
— b ' i -Rallﬂ"’-j
b) q = o 2.76
1_7((3;!;;;3 fgg:lgmlms_, B=@H) 2041y = 1 016 R
0130, 0 =125, Ragp gy (0= LI, =105, "ot
i =2 » P~ LUS/) Ration=3.00

1.8(a) q =20.597 m¥s, =3 (iVya=1.118 =

~ v U '433"”5.11?- ' []- 1.041 . _
(b)q= 1.0I8 m's, T =0 ggs 21.13_1, B=1.073 » Ratio =2.89
1.9a) p = 980.83 Mim®, F= 155,07 1y s> 30 B= 1905

JOM = 1635 maN

forF=1 gk (h) Ny _
3018 6 N o1 BTt for .y ek () F= 15507,
v = .922 SD N’. 2’ - ¥ /’n
' m

22 +P1= 9,810 N/m*

OM.=16.35m-N (i
c
(c) p; =7.697.50 Ni'mz, |}1] 10

-




28 2’ U |
=0.50-0.16=0.34 of waler o8

I
‘d ; (U, "UlJz‘Eﬂ’tz_zl?ﬂzz_F

2
=y =h) - Uy - U)

1
=% 1000%9.81x (2" - 1.5%) = 1000 x 4 x (2.67 - 2.0)

= 8583.75-2606.67 = 5917.08 N = 5.92 kN
The force on the weir plate is equal and opposile 1o I,

@

PROBLEMS

2.1 When a Pitot tube is placed in an open channel (Fig. 2.8), the water rises in the tube o a height
I1. Applying the Bernoulli cquation between points | and 2, show that the velocily of strcam

upstrecam of the tube is

u=..’ZgH

| Y
E.
|
2 h|
U h[ 1 j h,
- :.2'.-/ JIJ-.-'pl_Fr?l,i.ll;zr.r
it
! Fig. 2.8 Fip. 2.9 Fig, 2.10

2.2 The inlet and exit angles of a ski-jump spillway (I'ig.2.9) arc 45° and the flow over it hasa
" welocity of 25 m/s and a depth of 0.5 m. Neglecting all losscs, estimate the maximum clevation of
. the outMow trajectory. Also compute the liorizontal and vertical forces on the spillway as a resultof
the change in the flow dircction. Assume unit width.

2.3(a) Show that the force on a vertical sluice gate in a horizontal rectangular channel (Fig.2.10) is
given by
)= _l_ (hl s h.! )1

2" I+l
where v is the specific weight of walcr,

31



(b) The depths of llow a short distance upstream and at the vena contracla dlt)svfliltcal_tl ofa
vertical sluice gate in a horizontal rectangular channel arc 4 mand I'm, respectively. The width of
the channel is 6 m. ‘
i) Neglecting energy losses and taking o, =02~ 1, comput the discharge 'undcr the gate.
ii) Compute the force on the sluice gate and compare it with thql obtained by assuming
hydrostatic pressure distribution. Assume that the cocfTicient of contraction, C.=0.61.

2.4 A bridge across a river has its picrs placed symmetrically at the rate of 30 m center to cenler.
Upstream of the bridge the water depthiis 10m and the velocity is 4 m/s. When the flow has gone far
enough downstream to even out again afier the disturbance caused by the picrs, the depth is 9 m.
Compute the thrust on cach picr. Neglect the bed slope and the bed friction.

oo ke e R A

Answers

221593 m,F,=0,F,=441.94I N

23 (b)) Q=47.54ms i) Facrua) = 159.06 kN, Fiyurestatic = 163.91 kN
2.4 Thrust on each pier = 2,268 kN
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FROBLEMS

-

Q= 15m’s and determi ii ur petifie ener
mne the eritjcal denth '
struct the oo nd the vzlue 37 7]
le..,lruu the d’-'"—'llﬂll;t-dt:pih Curvi furIl-' 3lh mninmum vzlue ol"LH.._., =il zy. (1)
maximom valoe af (. discharss ! m and detenmine the i) Geprhy 2od e
3.2 Compute the numerje; _ o o Zi0n -
ical values of the hydrauli iicz jo "
SSe o TUMIGER ! ydraulic exponent for criticz) flow fe] ! i«
h = I mna (i) trapezoidal channe] with b=6m,s=2and O=20m ) ciren rt!ifr‘
Wil .8 nd () m’ls, and (n) circulzs Crzmmed
’ )v . 1 ] . . | H
3.3 Prove the following Cquations when the fNlow js critical ina rectangular channel

: a()? aq’
) he "1‘}7’:’ —+ i) U, = /.’i. =8¢
o & o 1'(1-{'

iii) I, = 1.5!:5 | ) Q= on =31324" =0.584 [5 bE -
3.4 Cornlpulc the CIIIIC:'!' depth and velocity ina (1) wide reclangular channel with g =4 m’/s, (i)
rc%ngn':];z'r C)hdm-“[:,l -}?:Ih}l:: 6m 'and Q=35 n::’:'sf (iii) triangular channel withs =12nd Q=5
m/s, \v) parabolic channel whose profile is given by y* = 5z with Q=25m’fs. Inzall cases
assume u=1.12.
3.5(a) 3Cumpl!lc the c_rilical depthand velocily ina trapezoidal channel with b= 6m, s=2 2nd Q
=30 m"/s by (i) the trial-and-crror, (ii) the bisection, and (iii) the Newton-Raphson methods _ if

a=1.12, ,
(b) Compute the critical depth and velocity ina circular channel withd;=3 mand Q=5m’’s

by the trial-and-error method , if (i)a=1,and (i) a=1.12.
3.6 (a) Prove that the section of a channel at which the flow is critical 2t all depths can be expressed

3.1 A rectanpular chianme
L channel has bottom widih or 6 m (1) Construst the v
L0 W - b 4 .ﬁ"::,rl': "'}F_'-:E-j)- cumye {’J‘:

by
BG =0 18g
where B is the top width, G is the vertical distance between the encrgy line and the water surface, Q

is the discharge and g is the acceleration due to gravity. _
(b) A rectangular channel section is lo take a certain discharge Q at the critical state and at the

same time the wetted perimeler is to be a minimum. Show that the width of the channel must bz

cqual to 4/3 times the depth. o
3.7(a) Show that the relation between the alternate depths hy and h; for arectangular channelis given

by
2, 2
20" h, _ lrc]
hy +h,
whe is the critical depth. :
re he is the criti P hannel 6 m wide are 2 m and 1 m. Compute the

(b) The altermate depths in a rectangular ¢

discharge, the specific cnergy and the critical depth. - e
’ icd by a channel for a specific energy ol =
hat may be cairicd byac ) parabolic whese

3.8 Computc the maximum discharge th iy S

m when the channel is (i) rectangular with b =01, (lﬁl) manf UImgwmds(;) circular with dp=3 -
rofile is given by v2 = 4z (iv) trapezoidal withb=06 m ands=2,and ¥ iccharge

P BIvcn by y , ( ) P pate ina rcc[angular channel 1s 2 mand the discl

3.9 The depth upstream of a vertical sluice
) , stream
under the gate is 30.67 m*/s. The channel is 6 m wide. Cnmpl:}ljli:: gﬁ:::;, flow ina rectangular

3.10 Prove that the minimum height of a hump that will pr
channel is given by
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. z - I}M'
- = (l- w2 -1.5000) _
Az, =h(1+0.500 f < the Froude qumber corresponding to hy.

he(g I is the Upsietty depth and Lo hof2.5minalong rectangular channcl ¢

o . locity of Z 1/s and adepth ol 2. o
*\E‘zﬁf ljt:l ?;;l:;it;:c?gvhi of aysmoolh upward sicp in ”“{ channcl bed to prdoducc (;_T[lltilf-‘[i]ll ﬂm:,'
and?b) lhclcjicpih and the change in water level produced by (1)2 smooth tll_rawnrl slt.lpl) Dasc'v; ulcn:l(n]
a smooth upward step of 0.80 m, and (iii) a smooth downward step of 0.40 m. In all cases, negled
rey losses and take a = 1. _ '
gl.];:zgglalcr is flowing at a velocity of 2 m/sand adepth of2.5m ina lpng rcic.lan'g,IL]llaz Ch::!:"(tl:al)ﬁum
wide. Compute (a) the contraction in width of the channel for producing critical [Tow, a e

depth and the change in water level produced by (i) a smoqlh Fonlfnchon in w:dI:Ir o5 snll].c("'gcﬁl
smooth contraction in widthto 3 i, and (iii) a smooth expansion width to 8 m. In all cascs ncg f:} 5
coerpy losses and lake o = 1. ; I
S 3.!3g¥ﬂlc upstream conditions are as in Prob. 3. 11 and there is_.a smooth upward step ?rU'HrU:]" i fhe)

the channel bed. What cxpansion or contraction in widtl must simultancously take place to produce |
critical flow in the channel? ' . duced 105 infle
3.14 The upstrcam conditions arc as in Prob. 3.1 | and the width u[‘lhclc.hmmcl is reduc n. unif
How much the channel bottom is 1o be raised or lowered lo produce critical flow in the channcl}?

3.15 A bridge is to be constructed across a 10 km wide river carrying a discharge of I,OU,OC-IU m/s  poss
al a depth of 10 m. If it is intended to provide the minimum length of the bridge by reducing the  cros:
river width, what would be the minimum river width without affecting the upstream flow? Negleet  of

cnergy losses and assume o= 1. ) hydr
3.16(a) A broad-crested weir is built in a rectangular channel of width 1 m. The height of the weir  resis
crest above the channel bed is 0.60 m and the head over (he weir is 0.40 m. Calculate the discharge

(b) Compute the discharge through a Venturi flume having a throat width of 0.30 m when (le

upstream depth is 0.50 m. 4.2 |
ok e kobok kol
consi
Ann.vcrs Henc
1 3.1 () he=0.85m, Epin=Ec=130m (ii) he=2m, Quuue=53.20 m'/s
32()M=325 (i)M=3.74
34(1) he=1222m, U.=3372m/s (i) h.=1.083 m, U=3.07
tes 1 ! ' r e . 9 m;s
§ (i) he=1.417 m, U=2.490 m/s (1v) he=1.863 m, U.=3.29
3 c . ) = ads 3 ! i
3.5(a) h_c =1.23m, U.=2.883 m/s (hy all methods) ) e ;':Ir];?
(b) (i) h.=0.950 m, Ue=2.600 m/s (ii) he=0.977 m, U.=2.501 m/s
;.;(b) Q= 30.6%8 m fﬁ, E= 2.3313 m, h.= 1387 0=0
- (;) II2}3.5:33 mls (i)7.072ms (i) 15.344 W (iv)42.270 m¥s  (v) 11.13 m¥s flow
3.11 (a) 8z,=0.655 m ::l!l:z“::'r:
(b) (1) th= 1.98 m, Drop in water leyel = 0.12 1y, Irictio
(i1) /' =2.67 m, Drop in water level = 0.51 -
919 (iii) hy=2.96 m, Risc in water level = 0.06 m the flo
: (g) be=3.96 m ' that at
( )((EI.)) flllli 2.33 m' D[Up "] WIIICI' ICVCI = 0- 12 m dUWIISI
Ji !11 :J. 121, D{np in water level = 0,95 1 y fesistar
(11i) h= 2‘.6{] m, Rise in water leye] = ( | _ to be ui
3.13 Expansion in width = 0.70 o find the
3.15 Minimum ri it 3.14 Bollom is 1o be ra ;
mrver width= 1840 m 3 16(a) 0.448 y° ¢ raised by 0.39 m betweer
: A48 /s (b) 0.181 m¥s downsti
- Wsin0 -
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4.1 Assuming that the velocily distributigy,

e alo ertical in '

compute the position of the mean velocity bl:[‘th"IF "r\r(.-I."IICeil AL e tsHo
0.6 depth, n!ul (1) the average of (e velocities ay U‘; W
mean velocily in a vertical, o

ganthmic,
Also show that (1) the velocity at

and 0.8 depths are approximately equal to the

4.2(a) A trapezoidal channel has g bottom widih of .0
20m, n=0025and Sy = i '

E,'Orn.: =00 nml;l((!.éu 0.0001, Assumn}gllmt the flow is uniform, (i) compute Q, (1i) compute
QE,'“:: igftmc ;\,11-““-,in:?0(;?,:1:[|1:“ikhd]c'wrll;;mc whether the channel boundary is smooth or rough and
state if the Manning a 15 applicable for computi in this

velocity distribution is logarithmic, putng fow i this channel Assume (3t fe

in, side slopes of 1.511:1V, a depth of flow of

(b) Consider the following data for the Padima (Gan iy ' ion in Faridour

adma (Ganges) river at the Baruria station in Faridpur on
the 2nd July, 1989: A = 33,500 w*, Q = 56,200 m’/s and B = 3820 m. Assuming that the flow is
uniform, (i) computen, C, f, u* and 1, and (i1) determine whether the channel boundary is smooth or
rough tuklng_lhc velocity distribution as logarithmic. Assume that the river is wide, Longitudinal
slope of the river is 4 crvkm.

4.3(a) Show that for a wide rough channel with logarithmic velocity distribution in the vertical, the
Manning’s roughness cocfTicient n may be expressed by

) {r_l)hlfﬁ
l=——7"
5.57(r +0.95)

where 1 (= ug2/ugg)is the ratio between the measured velocities at two-tenths and eight-tenths of
depth.

(b) The velacities at 0.2 and 0.8 of the depth along a vcr}ical in a wide river arc 1.25 m/s and 1
/s, respectively. (i) Compute the numerical valuc of Manning's n, and (ii) determine the variation
of velocity in the vertical, if the river is 10 m deep.

4.4(a) Using the Manning formula and taking h = 1 m, compulte the bydraulic exponent for uniform

flow computation N fora
i. rectangular channel with E = g m':md <=2
ii. trapezoidal channel with b= 0 m ant o
iii. parabolic channel wlose profile 1s gIVEn by y’ =4z,and

iv. circular channcl whose diameter is 2 m.

(b) Solve Problem 4.4(a) using the Chezy formula.
4.5(a) A wide cl | with n = 0.025 and So= 0.0025 carrics a discharge of 3 m’/s. Compute the
-\3) A wide channcl =0,
normal depth and velocity.

(b) A wide channel with So =0.006and €= 30 m'Ys carries a discharge of 4 m'/s. Compute
channc . ‘
the normal depth and velocity.

and hn:]'

D =0.015
4.6a) A triangular channel with side slopes 1:1 is laid ona slope of 0.001.1fn=0.0

m, Compute the discharge. g
1

—‘




0.025 and So = 0.0025 carries a discharge of § m'y.

(b) A triangular channel withs = 1,0= |
al depth and velocity. |

Computc the norm
annel under uniform flow condition. T,

an open ch
; 0. Compute the depth of flow when he

{ elocity of 1 m/s in
e 0.02

47 Waler flows :
of the channel 1s 0.0016 and b =

longitudinal slope

channel is
i) rectangular withb=06m,
ii) trapezoidal with b=6mands=2,

iii) triangular with s = 1,

iv) parabolic whose profile is given by y* =4z, and

-v) circular whose diameter is 2-m.— =

4.8 Uniform flow occurs in an open channel withhy=1m, Sp= 0.0001 and n=0.015. Compute the
discharge if the channel is

i) rectangular with b = 6 m,

ii) trapezoidal with b= 6mands=1,

iii) triangular withs = 1.3,

iv} parabolic whose profile is given by y* =4z, and

v) circular whose diameter is1.5m.
4.9(a) A rectangular channel having n = 0.025 and S = 0.000] carries a discharge of 6 m/s ata
normal depth of 1.5 m. Compute the botlomn width.

aving side slopes of 1.511:1V, n=0.020 and Sp=0.0002 carrics a

(b) A trapezoidal channcl b
al depth of 2 m. Compute the botiom width.

discharge ol 25 m’/s at a norm

4.10 Compute the narmal depth and velocily in a
i. rectangular chanuel with b =8 m and Q=22 m'/s,
ii, trapezoidal channel withb=6 m, s =2 and Q =30 m’/s,
iii. parabolic channel whosc profile is given by y?=5zand Q=15 m’/s, and
iv. circular channel whose diameteris2mand Q=3 m’/s. |
In all cases, fake n = 0.025 and Sy = 0.0025,

4.11(a) A trapezoidal channel has a botlom widih i
. ¢ of 6 m, side slopes of 1.5:1, o= =
g) IDal?:n:mm: 1h_clnumml slope at a normal depth of 1 m when the tiis-cfa l- andn—]0.02§_
elermine the critical slope when the discharge is 20 m'/s. (jii) D discharge is 20 m'/s. (1)
the normal depth is | m. elermine the critical slope when

(b) Solve Problem 4.11(a) when o= 1,12

ow the crif .
wthe critical slope at a given normal depth hy may be

an



where q is the discharge par unit wiqy,

1 A channel consists of ' .
fc;tlﬂl discharge, the mean \'c;]ozf;'rzniﬁhonmd Wa side sections as shown in Fi
for ths mﬂin channcl. n=0.045 for 1]m2;:]and the ]\{ﬂ.hning's nfor the c?:;?;:ﬂi:g'm.itumpulc the
. ) eclionwhenn=0.025
valuss @ and B for the entire So=0. i
e o e
. thz side sections

¢channels and
ming tha

v
— =
~ ) B [
riE N EEI \
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- d ;
- 4 B i B v v v o v B A B O A
- bt
7m : 3 i
L] o N
: > 6m
" ~
] N
. Iy
| — = :
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F1g. 4.4 for Problem 4.13

4.14 An unlined irrigation canal (n = 0.025) is trapezoidal and has a bottom width of 6 m, side
slopes of 1:1 and a depth of fMlow of 2 m. The longitudinal slope of the canal is 0.0005. Compute the
discharge carried by the canal under uniform flow condition. It is proposed to Jine the canal with
concrete having n=0.013. Computc the discharge that would be carried by the canal when (i) only
the sides are lined, (ii) only the bottom is lined, and (iii) both the bottom and the sides are lined.

de and is laidona slopz of 0.1%. Whenthe channel

4.15 A rectangular festing channelis 0.60 m wi
Aot . the measured normal depth of Mow was 0.40 m for

bed and walls were made smooth by neat cement, L
adischarge of 0.23 m¥s. The sume channel was then roughencd by cemented sand grains and the

measured normal depth was 0.35 m for a discharge of 0.12 m%s. Determine the discharge for a
formal depth of 0.45 m if the bed is roughened and the walls are made smooth.

ugh a river reach 1000 m long having a fall in water surface

] . the flood discharge thro |
16 Compute the flood discharg hcfnllomngt!uta:

0f0.85 m. Neglect the eddy loss. Usc t

-
Section A(m%) P (m) n o
2,150 0.030 1.15
' 12,000 ) a
gi:ﬁ‘:ﬁizm 10,500 2,050 0.030 1.1
__——-____—__—“——-.-—_

reTTFETY
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! i~ 11| ul 53 “1"s, T - e g -
f AMluvigy ch flence, it s Custom e stdimenty

3t lgcil';“ a stabl s ATy 10 assume
hn}Ugh | mm sand. ¢ alluvial Chﬂnnel Using 1h Lacey
_ ) €Y's theory, Tl op,
SUIU“U" Q=10 111]/5 d= 1 m nel is 1 carry 10 ln'!s
e A L L 2 :
33400"° 33405197 =5-233x107 .~ {

R=047(Q1 f,)' =0.47x(10/1.76)"
P=4.75J0=4.75/10 =15.02

so that
A=PR=15.02x0.8387=12.60 p?

Assuming that the side slope is 1/2H:1V so tha
: g =
P=1502=b+2vY14-0.5% x i=b+ 2,216k
A=12.60=(b+0.5h)h=bh+0.50/

Eliminating b between the above two equati
t ; :
Ii? ~8.652h47.258=0 uelions, We gel e qualratis squation
which gives h=0.941 m and 7.711 m. Usin
@l . g these two values of h = _ -
12.916 m and —2.222 m. Since b cannol be negative, we zu:c-.t:p‘t:JI yegelib= 1502 22100

h=0941 mandb=12916 m.
PROBLEMS C

hydraulic circular seclion is n semi-circle.
hydraulic {rjangular section is one-half of a square.
hydraulic parabolic seclion (he top width is cqua

=0.8387 n;

0_-5, we oblain

5.1 (a) Show that the best
(b) Show that the best
(c) Show that for the best

depth of Mow.

| to 22 times the

Calculate the wetted perimeter and the
L is (i) rectangular, (i) triangular, (iii)
(he minimum welied perimeter?

lar and (riangular scctions have the

: 2
3.2 (a) The cross-scctional arca ofa chanfml is 40 m’.,
hydraulic sectiofn if the chaonc

hydraulic radius of the best : _ .
Irapezoidal, (iv) circular, and (v) parabolic. Wh:lr;l; ficcc:::?:atzsl
~ (b) Show that foragivenared A, the best hydrau
"‘;-5“"“‘4 wetted penmcler.

)

ined channl to camy 8

tangular, (ii) 1ﬁqngular,
wetled pcnmclcr?

aulic section foral

he section is (1) rec
ction has the minimum

. +or of the best hydr
2.3 Compute the wetted pﬂmg“i"t;ﬂn 4 So=0.001 if 1

discharpe 3 . = '
arge of 15 m’/s with 0 - s
ii1) trapezoidal, (iv) circular, and (V) parabolic. Which s

99
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5.4 () Design the best hydraulic irapezoidal scelion 10 carry  discharge of20m'/sonaslope g
in2500ifs=landn= 0.012.
pezoidal scction tocarry a dischargg o

Fthe best hydraulic tm .
be restricted (o | m. Also, determip,

(b) Determine the bottom widtho _
h the depth of [low is to

10mVsifs=2and n=0.0151n whic
the bottom slope of the channel.

5.5 A lined channel (n=0.015)is to be laid ona slopcof 1 in 2000. The side slope of the channel g

10 be maintained at 1.5:1. (i) Determine the depth of flow of a triangular scction with roundeg
comer to carry a discharge of 40 m’/s. (ii) Determine the dimensions of a trapezoidal section wilh
rounded corners to carry a discharge of 80 m/s when the maximum permissible velocity is 2 mfs,

5.6 An irrigation canal has to carry a discharge of 30 m’/s through a coarse non-cohesive material

having dso= 2.5 cm, dys=3 cmand n=0.025. The anple of repose of the perimeler material is 32°.

Tbll:i:ﬂml‘ciﬁ;o b:‘;]"ﬂlzuﬁgl:lal in shape having s = 2 and laid ona slope of I in 1000. Compulc the
m widthand t ) usi . — : ,
Karahan diag;m_ ¢ depth of flow (i) using the method of Lanc, and (ii) using the modified Yalin-

5.7 Using the Lacey melhod, design a stable alluvial channel when d=1.5mmand Q=25 m/s

Aok ek ok

Answers
5.2(a)(i)P=17.889 m, R =2.236 m i
s _ - ’ * (“ P = ]7_ =
W= 1668 mR =24 ()0 1335 7= 23
v)P=17.369 m, R =2.303 m Cj S S m
5.3 = . ircular sect ..
(ﬂ)((:’)}l; - '23!5;3 r::] (i)P=7256m (iii)P= 6 63lgr:nhas t}(lie ;nll)mmum welted perimeter
e ' e v)P= 6.239
;.;IE?) h_— 2408m, b=199m  (b)b _E'(]“:‘l‘?';f scction has the minimum wellll]ed i
SON=309%m (i)h=1824m, b 112y 0 o oX 107 perimeter

5.6(i)b=9.67m h=
) ) —l.ﬁlm ' —
57 b=21150m,h=1.163 m (i) b=14.76 m, h =130

e

L i el S e




f Eﬂ"nplc 6.7
Determine the depth of f]
] ow 100 m upstream
ine modified Euler methods of the dam of Example 6.5 ysi
-2 using the Euler apg

solution  Trapezoidal channe| p — 6m,s=
’ ' 3 2180'-:0{]025 Q_30
' » T m

fuler mothod  h; =250 m, A = 27 50 .2
2 ! m ’ P =] =
80.000397, Bi=16m and ﬂxlz ]03.11]':‘3 m, Ri=1.601 m, R,*’= 1 368, 5, =
(_d_h] = %0~ 0.0025-0.000379
_‘___‘—‘—'——._._.____.__ -
NS @08 1207 - 2283107

2 gA,? 9.81x27.507

lfs, a= 112, n=0025

_ dh '
hy =h + &J{E] =2.50+(-100)x 2.283x 107 =2.2717m
: .

Modified Euler Method  Asin the Euler method, (di/dx), = 2.283x 107,
: Ax [ dh
“ by =+ -2—[31 =2.50+0.5x(-100)x 2.283x 10" =2.3853

For this depth, we abtain A =25,701 m? P=16.671n, R =1.54 m, R¥?=1.3345, $,=0.000478 and
B=15.543 m, .
: (th So—S; _ 0.0025-0.000478
e, _— — 2 = 3
dr )y, | _@Q'B | 112x30 x15.§43
gd’ 9.81%25.701

. h,=h, +ﬁx(-@] =2.50 + (-=100) % 2232x107 =2.2768 m
L . N

¢
PROBLEMS @

n a rectangular channel of variable width

=2232%107

41 Show that the gradually varied flow equation for flowi
b may be expressed as

dh S,—S,+@Qhigh Y bl )
dr 1—aQblel
| S1, 52 and C1 profiles increases and of the M2, M3,

M . .
gy of the scs in the downstream direction.

"2 p he specific ener
rove that the sp files decrea

o i [asluiccpatcina
: d on the upstream and downstream ol a slutce gAC IR«
'3 Ske ible flow profiles produce lope channels.
1) n?ilf:i mg glzr]ijt?s:;bl(?ig s[egp, (iv) horizontal and (¥) adverse slop

a free overfall at the end of a (i) mild, (i)

there is

? ' (a) Draw the possible ﬂ o pm,l,icl[c(sv.r;v;:]:fcrs: slope channels. LA
Mhical, (jii) steep, (iv) hurlzﬁf::':h"; end of mildslope channel. Draw all the possible

() There isa free overia streamn of the channel.

""different water levels down | is steep-
the channel 1S
(¢) Same as Prob, 6.4(b), but 1OW 127

ﬁ S e

aw pruﬁlcs
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Problem 6.4(b) Problem 6.4(c)

6.5 Skelch the possible flow profiles in the following combination of slopes:

a) mild-horizontal — — ) adversc-mild ——— - —— e —
b) horizontal-mild I) critical-steep

¢) stecp-horizontal i) mild-steeper mild

d) critical-horizontal j) horizontal-critical

¢) horizontnl-adversc k) steep-critical

M) mild-critical 1) adverse-slcep

6.6 Sketch the possible flow profiles in the following scrial arrangement of channels. The flowis

from lef to right.

a) mild-milder-steep

b) critical-steep-mild

c) steep-mild-milder

d) horizontal-mild-critical

¢) steep-critical-mild

) critical-horizontal-steep

£) mild-horizontal-critical-free overfall
h) mild-stccp-milder steep-frce overfall
i) critical-adversc-horizontal J

j) hn_riznnml-advcrsc-slccp~frcc overlull

k) mild-adverse-horizonlal-lree overfall
1) mild-critical-steep

6.7 Sketch the possible flow profiles in the channcls shown in Fig. 6.9.

6.8(a) Determinc the flow profile devel i
: A oped as a result of an increase i s roug inal
-mild slope, and (3i) steep slope channcl. i surfc: coughness a )

(b) Determine the Mlow profile developed
' 51 " a . v .
mild slope, and (ii) sleep slope channel. | result'of a decrease in surface roughness ina (i)

. :
6.9 A rectangular channel with b= 6.0 m and n =

Now profiles produced in the channel for 0.020 carries a discharge of 24 /s, Identify the

. the following changes in the bottom slope:
1) Sn=10.0040 1o S = 0.0090

11} So = 0.0030 10 8, = 0.0050

IJI) So =0.0085 1o Sy = 0.0000

1v) Sp=0.0095 1o Su = 0.0075
v) Su=0,0000 to Sp = 0.0015




———

e

Huri:unlm’ ‘ .:]
c)
d)
|
|
|
e) -
777 rrT7
Milder mild
[

Fig. 0.9 for Problem 6.7
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: : =0.025 has three reaches arranged serially,
6.10(a) A rectangular channel 6 m wide and having o 0.02 : .
The bottom slopes of the three reaches are 0.0016, 0.0150 and 0.0064, respectively. For a discharge
of 20 m*/s through this channel, sketch the resulting ﬂo;v pgoﬁlf-_:dlc och
(b) Same as Problem 6.10(a) except that n= 0.015 for the m! -
(c) Same as Problem 6.10(a) except that the Manning roughness coefficient values for the three
reaches are 0.020,0.015 and 0.025, respectively.

6.11(a) A wide rectangular channel with C =45 m'*/s and Sp=10.0001 carric; a i:}:scélc?;;gcu?: llllg
m*/s. A weir causes the water level to be raised by 0.50 m above lh_e normal fptd- H '5p2 80 m
length of the resulling Now profile between the weir site and the location where the depth 1s 2£.

by the Bresse method — -

(b) A wide river has an average depth of 5 m, an average slope of 1in10,000andn= 0.025. A
dam increases the water depth by 1.0 m. Find out the Jength of the flow profile created by the dam

assuming that the upstream end of the profile is at a depth 10% higher than the average depth. Use
the Bresse method. \

6.12(a) An overllow spillway discharges 4.25 m¥s into a horizontal floor. Cum}?ulc the length of
the flow profile between the sections where the depths are 0.35 m and 0.65 m.. Taken = ?.U'IS.

(b) A vertical sluice pate having C.=0.61 and gate opening =0.60 m discharges 27 m*/sinto a
horizontal rectangular channel 6 m wide. Compute the length of the low profile between the vena
contracta and the location where the depth is 0.50 m. Take n=0.013.

6.13 A rectangular channel with b= 6 m, n=0.025 and So = 0.0025 carries a discharge of 40 m™/s.
Al a section A of this channel the depth of flow is 2 m.

(a) How far upstream or downstream from this section will the depth be 2.25 m? Use the direct
siep method.

(b) What will be the depth at a distance of 50 m upstream of section A? Assume thal the elevation
of the channel bed at section A is 100.00 m. Use the standard step method.
(c) Solve Problem 6.13(b) by (1) the Euler method, and (ii) the modified Euler method.

6.14 A Irapezoidal channel havingb=5m,s=2, n=0.020 and So=

0.002 carries a di
4867 m’/s. A dam constructed across the channel raises the d discharge of

immediately upstream of it. waler level 1o a depth of 5 m
a) How far upstream or downstream [i ;
oty rom (he dam will the depth be 4.90 m? Use the direct step

b) What will be the deplh at a distanc

eof50muy
of the chanael bed at the dam site pstream of

X the dam? .
is 100,00 1. Use the standa Assume that the elevation

rd step method.
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Example 7.5

Proportion a USBR stilling basin LI for an ovcrﬂlo;v spillway with the following data,

Design dischar —15,870m’/s
™ f;cvcl B¢ =17.26m
Basin width = g:.:)’;(’) |mm
Elevation of ground =0.
Velocity at the foot of the spillway . =2470m/s
Solution Q=15870 m's, h,= 1726 m, B=227.1 1, U, =24.70 m/s
h = 4 = 13870 =283m
BU, 227.1x2470
el N LR : —

,Igh, - J9.81x2.83
h—’='5( 14857 —1)=%(Jl+8><4.69’ -1)=6.15

h,
sohy =6.15x2.83=17.40 m and h,=17.26m

sohy > i
So, when the basin Moor is set at 0.00 m, the jump moves downstream and more basin length
need 1o be provided. Hence, the floor must lowered. With 5% safcty margin

h, =1.05h, =1.05x 17.40=18.27m

Hence, the floor must be set al clevation (17.26 — 1827) m=-1.01 m
From Fig. 7.9(c), for Fr; =4.69, L/h, = 3.70. Hence, the length of the basin
L =370%17.40=64.40m

The height, width and spacing of the chute blocks = h; =2.83 m

The height of the dentaled sill = 0.2h; = 0.2x 17.40 =3.48 m and : .
of the dentates =0.15h, = 0.15% 17.40=2.61 m and the width and spacing

PROBLEMS @

7.1 Verify Eqgs. (7.10), (7.11), (7.15), (7.18), (7.20), (7.21) and (7.26).

7.2 (a) Compute the sequent depthratio hy/hy, the relative energyloss b /E, and the relative height

of jump hy/E, forFr,=1,1.7,25,4.5, 9 and 15 for : .
(b) Shiow that for jumps in horizntal rectan for jumps in horizontal rectangular channels.

0.51 and it occurs at Fry = 2.77. gular channcls, the maximum relative height h,!Elis

7.3(a) Watcr flows at a velocity of 6.1 m/s
- . . ) and d 1 i
J(il.nlnm wide. Find (i) the downstream depth ncgcsglt'l; ?c{ }' mmm ¥ horlzoqta_l rectangular chanrel
D. (i) the height of the jump, (iv) the length o om a hydraulic jump, (1) the type of

Jump, and (vi) the efficiency. ¢Jump, (v)the horsepower dissipation in the
146




b) The depth and veloci . .

rcq('u:clivcly What mnlﬂf’;“g at the foot ol an overflow spillway are 0.50 m and [3.50 m,
Jetermine the type ofjump lhc%?:,hh's needed 1o form a hydraulic jump? 1f jump is formed,
q percentage of the initial l;m:rgy_ ght of jump, the length of jump and the encrgy loss tn the jumpas

74 The values of two vari i

N .

L e s e e e mihs e
g table. Compute the values of other variables in this table.

e ———— -
——— e ——
——
-—-—----_......--—---——.—..-_-..--.---—.-.——-.-__.-.—

h1 U

h
(m) ; 2 U; F
---—---—---_Eﬁl_____fm) (m/3) (mq/s) i T :1,;')
a) 0.25 T
b) 0.25 2 .76
c -
d; . 2.76 1.16
5\ 12.75 ) 1.16
£) 8.14 5.71
g) 0.22 5.71

3.19 5.71

———

———

———

————— s W -

—— ———-.--_-..--—-.--.—.-...--—----.—--.----—-—--—

7.5 Wat . X
sfde slopc; {1{1)‘;?13‘5(5%%‘ Dgfl m in a horizontal trapezoidal channel having a base width 5 m and
: m°/s. If a hydraulic jump occurs in this channel, compute the sequent

depth and the energy lost in the jump.

7.6 A horizontal triangular channel having s = i i
aving s = 2 carries a disch s a
Compute the downstrcam depth that will form a hydn;us'ii?: jtllsr’;pmgc of 20 ko dopiiol 1

e profile

7.7 A horizontal parabolic channel contains a discharge of 10 m’/s at a depth of 0.50 m. T
compule

of the channel is given by the equation y'=4z1fa hydraulic jump occurs in this channel,

the sequent depth.
7.8(a) A rectangular channel is 1.2 m wide and inclincd at an angle of 3° with the horizontal. The 3
If a hydraulic jump OcCurs in 4

channel carries a discharge of 0.14 m/s ata vertical depth of 0.02m

this channel, compute the sequent depth. . . _
is inclined at an angle of 3.5 with the horizontal.

(b) A rectangular channel 6.0 m wide
Determine the jump type ifQ=075m/s,h= 0.02 m and h, =045 m.
wide and inclined at an angle of 50 with the horizontal carries

{ | 6m . -
3‘2::1’3 ro.;c:}ané; m:lr:l'zh'g:tirminc the jump lype if thc upstrcam depth (normal to the direction of
ﬂIDW; irsg(i) 0.20m (fi) 0.30 m, and (i1i) 0.40 m, when the tailwater depthis3.20 m.
*ﬁ##*it
Answers
=196, hJ/Ey = 005, WE = 039

— = F = 17,h fh] _
£ =0 E =0 LS _ g8, hyTy - 044, BE1 =0

72(b) Fr _ 1, hy/hy = 1. /B _ s,
) ra ; 0.18,1yE1 =050 Th 5,h;!h,'ﬂo.ﬂ,hﬂl=0382'h1m'“ N

4, =

fr, = 2.5, hyfhy = 3.07: hy /B = Fri=1
‘ i = 0.70,_!’;’?4 Oﬂﬁv) ILJ = 9,66 m using Fig. 7.5 20 4

FT! = 9, hth| = l224, hL[E]. 0
13 a)(hy 2.30 m (if) weak JUTE g'l'),]‘g-:,u
Silvester formula (V) 1162 (W) 757 28,7 m USINg Fig. 7.3,62.}

i Swadyjumpl’:l‘;‘z‘v?lh;;f m.hcr yariables ‘?El:';;
14T :ven vanablcs: ; F
79 r%t;;h;j gwmﬁn o njf)'rll:‘: B (nn;ﬁﬁfn?%‘

- ’ -t um

79(i) Jump type A (ii) JumP 47
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. Trmm e suvinu pey

0= 4 Zg(h.—/fz)fdl—r*=0.l|25xJ2\

*981x (0.50-0.45) 11 -0.3757 =0.103 m /.

gxample 8.8
Determine the dischargc thr
.. ough a 4-
jice-flow condition. 62 -1t Parshall flume if the gage reading hy is 1.25 m under
Solntion - — — B =4[

— M =125m=125¢328=4 101

s Q=480 _y L322g*
- | x4x4.10 =148.254 fi° [ sec = 4.202m I 5

PROBLEMS @

81 F ]nL.l the discharge .lhmugh a vertical sluice gate in a horizontal rectangular channel 6 m wide
and having a gate opcning of | m under an upstream head of 4 m (i) for frec flow condition, and

(i1) for submerged condition when the tailwater depth is 3.25 m. (iii) Also compute the depth of
submergence by Eq.(8.9).

8.2(a) A horizontal rectangular channel carries a discharge of 1.30 m?/s. There is a vertical sluice
gale in the channel. What would be the height of the gate opening to pass the stated flow when the
upstream head is 4 m and the gate operates under free ﬂpw condition?

(b) Aséuming that the flow though the sluice gate in Prob. 8.3(a) occurs under submerged
condition and the tailwater depth is 3.2 m, what would be the upstream depth hy and the

subinergence depth h; i the discharge in the channel remains the same?

(c) Compute the force on the sluice gale in Problems 8.3(a) and 8.3(b).

$3 Derive Eqs.(8.11)t0 (8.13).
horizontal channel ends i a frec overfall. The brink depth is measured and found to be 0.50
8.4 A horizonta ! '
m. Compute the discharge il the channel is
i) rectangular withb=06m,
i) triangular withs =2,

1 i al
iij) parabolic with pcrlmctc:l'lcqu
iv) circular withdg =2 ™ sg=2

yb=06man

v) lmpczoidal witl

iony’ =4z,

ink depth is measured
inafree overfall. The brin
c 0f0.0025 ends In

nel having @ s!oPmc discharge if the chaunel is

Ic
50 m. Compu
Iar \.Vilh b = 6 m,

8.5. An open chan
and found to be 0.
i) rectangy ; =
i) triangular with s~ and s =2

T A m
iii) tmpezoid with b 6
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is 1 m high, has acrest length of 2 m and spans |y,
the weir is 0.80 m, compute the discharge per uniy
lif the depth downstreaimn of the weiris (i) .60 1y

8.6 A broad-crested weir with vertical fuces
entite width of the channel. If the head over
width. What would be the discharge per unit widt
and (ii) 0.75 m?

1ec and vertical faces al the upstream and spanning

t length of 2.50 m. The height ol the weiris 1.50
Fthe weir when the discharge is

8.7 A broad-crested weir with sharp squarc cort
the full width of a rectangular channe! has a cres
and the channel is 6 m wide. Calculate the depth of flow upstream ©

(i) 6 m™/s, and (ii) 10 m"/s, assuming frec fow.

charge of 15 m’/s. It is desired to place a

8.8 A reclangular channel 10 m wide 1s to carry a dis .
ght of the weir and its crest length.

broad-crested weir across the channel. Compute the hei

8.9 Compute the discharge over a suppressed sharp-crested weiro
2 m wide rectangular channel. The head over the weir is 0.50 m.

sharp-crested weir 2 m wide and 0.50 m high

8.10 Compule the discharge over a contracied
ad over the weir is 0.50 m.

constructed in a 2.5 m wide rectangular channel. The he

rectangular channel 2 m wide arc 0.75 m and 0.50 m’fs,

8.11 The depth and discharge in @
will pass the channel discharge.

respectively. Find the height of a supressed sharp-crested weir that

8.12 In Problem 8.10, if a contracted sharp-cresicd weir of width 1.6 m is uscd, what would be the
height of the weir? -

813 Estimate the discharge over a suppressed sharp-crested weir spanning the full width of a
rectangular channel 2 m wide when the depths upstream and downstream of the weirabove the weir

crestare 1.6 mand 1.3 m, respectively, and the height of the weir is Im.

8.14 Show from Egs.(8.29) and (8.32) that C, = 0.715 for the completely free overfall (p= 0).

8.15 Compute the theoretical discharge throughn Venturi flume having a throat width of 0.65m
(i) when the critical depth measured at the throat is 0.45 m under free-flow condition, and (i) when
the upstream and downstream depths measured are 0.60 m and 0.50 i, respecti '

Cups - - DU m, ively, and the channel
width is 0.75 m, under submerged condition. b y

8.16 Determine the discharge through a 5-t Parshall flume if the gage reading h, is 1.32 m under
free-flow condition. o

Aok ok dk




