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Chapter - 1
1.1 (a) Unsteady flow during the operation of the gate. Steady flow afterwards.
Rapidly varied flow 1n the immediate vicinity downstream of the gate.
(b) Normally steady , uniform flow
(¢) Gradually varied unsteady flow
(d) Rapidly varied unsteady flow
(¢) Steady rapidly varied flow
(f) Unsteady flow on both upstream and downstream of the gate
(g) Usually spatially varied steady flow. It can be SVUF also.
1.2 V:u—”", Y _ % and hence uzlum
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Yo
vd
'(|)‘ y V;?; 1 i 1 3/n
i 3 — ) a3 Y dy
Voye  ( n \V3 Yo 0 Yo
n+1) "
n 1)3
a=—
n*(n + 3)
2 —2 2 —
Iu dA j(u + (ou)” + 2u §u)dA
1.4 = =
P 1’ A 1’ A
j (Su)*dA
Since jéu-dA:O : p=1+n  where n="=
u-A
[w'da  [@ +(@u) +3i (du)” +3a” (6u)) dA
o = —
i’ A i’ A
Since [du-dA=0 and [(5u)’dA is negligibly small ,
a=1+3n
1.5 v=Clr rn=425m rn=5"75m
QO = ij dr = 6.0
ga’r:@=30 C = 5 = > =9.9245
r 2.0 7, 5.75
f In—= In
7 4.25
(a) . 9.9245
r
Vv, = ¢ = 2.335 m/s
4.25
Vv, = ¢ =1.726 m/s
5.75
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b) v, = = 2.0ms
By, 20xI1.5
Iy C2
jvzdy ;!‘rzdr ot ~5.75
C = = B
(¢) p Vjv Yo (2)2><1.5 _6.0( r)_4.25
- |
~16.415 F 2 5e | = 1008
575 425
B C3
jv3dy ;[ﬁdr - | ~5.75
a == N3 N ( 2)
vy, (2)’x1.5 [12.0 2r°7 |,
- 1
- (5.75)7  (4.25)

1.6 (a) Referto Fig. P-1.6 (a)
Lo+h +Ah=Z,+(h, —-y)+ky
Ah=(k—-1)y

17
hoy =Zy+ I+ [ (k—1)y dy
1 0

Elevation £,
Pressure ——»
Fig. P -1.6 (a)
h' (k—1)
=Z,+h +(k-1)—=2Z,+h, - h

.
74 k+1)h1
2
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(b) Refer to Fig. P-1.6(b)

Zo+h +Ah=Z,+(h —y)+kh, K yh
Ah=kh —y y
h1 th1

17
hep:ZO+hl | h J(khl_y)dy
I 0

{ _ hz - Elevation Z I K x hi I
1
A 9 Fig. P-1.6(b)
1
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1.7  Refer to Fig. P-1.7(a) and (b)

2

//%\aynr

30
Fig. P 1.7(a) v

p a,
—=(r, —r) cost (r,=7). Hydrostatic

/4 g [

= depth below free surface = (72- r). y

Hence £ = y cosf n %

4 g

_12NO — ‘—’\
When 6 =30"and a,=04 g 0.466 vy

D L EEE—

P _ _ _ Yy
5 0.866y— 0.4y = 0.466y Fig. P 1.7(b)

At the free surface y = 0 and hence Z_p
/4

At the bottom of the channel, y = 0.75 m, and P _ 0.35 m.
/4

Hydrostatic pressure distribution gives £ _ V.

/4

1.8 Refer to Fig. P-1.8.

Fig. P-1.8.
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Actual

Ly cosf+my=0.866y+04y=1266y
y g

Hydrostatic

P

Hydrostatic pressure distribution gives — = y
/4
Pressure at the bottom of the channel
1.266 vy
L _1266x0.75= 0.95 m. < y
/ Fig. P- 1.9 (b)

1.09 Refer to Fig. P- 1.09

a
£:ycosé? ~y.

/4 g

At point 1 on the crest,

0
Fig. P-1.09

P _ o= atmospheric.

/4

Then £ = y, cosd “n ¥, =0 or a,=g cos0.

4 g
4 \ 2 2
1.10 Py :IV | constzj C3 - const
7 ) °8r gr
c*|l 1 |
= ~ |+ const
gL 2r._

At point 1 on the water surface p;=0.

2 2
Z, = ¢ —+ const. or const=/Z, A ¢
2gn 2gn
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[ )
p | c’(1 1
==(Z,-2)A ——— |.
/4 g\nh I
At a point /2 below the free surtace, (Z, —Z,) = h cos@ and
£=hcosc9+(v‘2_v22)
Y 28
p C’r
1.11 v=Cr and hence (—+ Z) :I - const
/4 g
C’r’
= - const
28
At point 1 on the free surface r=r;, Z=Z7; and F_o.
/4
2
. L(z,-7)A ¢ ("2 = 1?).
Y 28
At a depth h below the free surface, (Z, —Z,) = h cos@ and hence
2 2
£~ hcosf+ (v2 v‘)
¥ 28
1.12 g = (0.10 x 1.20 cos 4”) + (0.10 x 1.00 cos 8") + (0.10 x 0.90 cos

12°) + (0.10 x 0.85 cos 15"
= (0.3889 m’/s
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1.13 By =3.0m, y; = depthin 3.0 m channel = 2.0 m
B, = 2.5m, y, = depth in 2.5 m channel, AZ = drop = 0.2 m
Since the drop in water surface = 0.1 m
y: +02=vy,+0.1

20+ 0.2= y,+0.1 Hencey, = 2.1m Considering the energy above the bed
level of the downstream channel

V. V.2
AZ +y, +—=17y, + —=— Bi=3.0m |B2=2.5m
Zg Zg | / Plan
02+20+V12—21+sz |
2. 72 |
WViVi) _ 992.21=01 @ | | | 2
29 Ny | 0.2m

AISO' BlYl V1 . Bzyz Vz L-Section
3.OX2.OXV1= 2-5xz-1XV2 Vl — 0875V2 Schematic sketch of Problem 1.13

2
Substituting in Eq. (i), ‘2/—29 (1 - (0.875)%) = 0.1

0.1

V2 = 2x9.81X = 8.366

0.2345

V,=2.892m/s andV; = 2.531 m/s
Discharge Q = A;V; = 3x2%2.531 = 15.186 m3/s

45

B 2. Ay _ 0.
1.14 Q; = 20m3/s, T 0.45 m/h T m/s
T = topwidth = 25m, Ax = 1.5km = 1500 m
o]0, dy
—+4+T—=0
ox T at
(Q2-0Q1) Ay _
Ax +1 At =0
(Q,—-20) Log 045 _
1500 (60%60)
on 0.45 B ’
Q, = 20— 25x% " X1500 = 15.3125 m3/s
1.15  Hydraulic jump: g = % = 4:'§0 = 8.86 m3/s/m
- vi (8.86)2
E, =y, + e 0.5 + e—a 16.50 m
B vy (8.86)%
E, =y, + = 0.5 + ey 5.547 m

Energyloss E; = E; —E, = 16.50—-5.547 =10.95 m
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1.16 Rectangular channel: 4,=2.0 x 1.5=3.0m’
V1=10.0/3.0 =3.33 m/s
VZ
y1=150m, and — =0.566 m
28
V2
E =y +—=2.066m
28

Trapezoidal channel: 4, =[3.0 + (1.5 x1.0)] =4.5 m”
V,=10.0/4.5 =2.222 m/s

VZ
y»=1.0m, and =—=0.252 m
2g
1/12 V22
Energy loss E, = 0.2 ( ) =0.063m
2g 2g
1 2
L/EL=0.063
2066~ T T T T =
Energy Iine/ ................... 2.033
f 1.751
1.500 ———
W ater surface
- Ele.0.751
0.000
Ele.0.00

Bed

Problem P-'1.16

Fig. P-1.16 Schematic Features of the transition
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Refer to Fig. P-1.20. With bed level of section 1 as datum,
Elevation of energy line at 2 =2.066 — 0.063 = 2.003 m
Elevation of water surface at 2 =2.003 — 0.252 = 1.751 m
Elevation of bed at 2 =1.751 —1.000 = 0.751 m

AZ = 0.751 m and AW =0.251m

1.17 Refer to Fig. P-1.17.
V4
H,=Z,+y,cos0+a,—
28
\
A
Fig. P-1.17 6=10"

(3.0)2
2x9.81

Hx =15.00+ 13 cos 10" +1.03 =16.753 m

h,4 = elevation of piezometric head at A

Z,+y,cos0 =15.00+ 1.3 cos 10’ =16.280 m

L V2
Similarly H, =7, +y, cosH+aBz—B
g
0 (V)
=14.60+ 1.2 cos 10" +1.02 —=
2x9.81

By COIltiIlllity vaVi= yp Vs,
and hence Vz= (1.3 x3.0)/1.2=3.25m/s
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2
Hz=14.60 + 1.2 cos 10° +1.03 (3-25)" _ 16.331 m
2x9.81
h,p = elevation of piezometric head at B
=14.60 + 1.2 cos 10" = 15.782 m
1.18 Refer to Fig. P-1.18
Energy Line
- E
----------------------- /
A
\Water surface
Y1 Y2
1 Horizontal Bed 2
Fig. P-'1.18

A;=2.0%x12=240m"
V,=7.20/2.40 =3.0 m/s

Vlz
—=0.459, y; = 1.20 m,
2g

o — 1.05

V2
H =y +a,—=1.682 m
28
For section 2: 4,=3.0x 1.4=420m"

V,="7.20/4.20=1.714 m/s

sz
— = 0.150,)/2 = 1.40 m,
2g
O — 1.15
45
H,=y,+a,—=1573 m
2g

Energy loss = EL. = 1.682 — 1.573 = 0.109 m
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1.19 Refer to Fig. P-1.19. At the maximum point of the trajectory.

See Fig. P —1.19  Trajectory of liquid jet.

V), _ (Vsin@)’ _ (20xsin40°)’

From this Fig. h=— = 8.42 m
20 2g 2x9.81
1.20 (a) g=2.5m/s/m and y,=0.30 m
=9 =22 8333 mfs, V=22
y, 0.30 ¥,
Vi 20 V> 20
2 2
P, (2.5) —=0.30+ (8.335) =3.8395m
2x9.81x y, 2x9.81

By trial and error y; =3.818 m
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1.20 (b) q — 2.0 Il’l3/S/IIl — ij] — ngg and V1 — 4.0 m

2.0 (2.0)
2x9.81x (4.0)° %< 2%x9.81x y;

4.00 +

0.2039
V5

¥y, + =4.013 and by trial and error y, =0.232 m

1.20 (C) q — 2.0 m3/s/m — ij] — ngg and V1 — 4.0 m

v V. 45 V)
y+—=y,+—=+01">=y +1.1-
28 28 2g 2g
(2.0)° 1.1x (2.0)°

2% 9.81x (4.0)7 7 2x9.81x y2

4.00 +

0.22427
V5

Vv, + = 4.013 and by trial and error y, =0.244 m

q° q°
1.20 (d) y, + -=y,+ .
283’1 zgyz

2 [ A 2
I 1 b, +5,)
(yl_J’z):q i g .

2¢\y; ¥yl ) 2g¢ yly;

/ \
28 |_(3.0x0.25) |[2x2:8D)

— 1.843 m’.s.m
[INCZESY \/ (3.0 +0.25)

qd=)
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Referring to Example 1.21, Force on a sluice gate during flow 1s evaluated by use of
momentum equation as:

1 1 V1= Y2
il il . B 2( )
2)’3’1 2)’}’2 Pq ViV,

— 2 2N 2. Y172
R=-09(yi —y2) = pq (MZ)

=p(y1 — ¥2) {% 1+ y2) — (yijz} (1)

The force on the gate 1s equal and opposite to R. Values of R (and hence F)) are
calculated by using Eq.1 for all the four cases of problem 1.20 and are listed below:

F (Force per
y; (m) Y, (m) q metre width of

gate (kN/m)
3.818 0.300 2.500 51.76
4.000 0.232 2.000 61.85
4.000 0.244 2.000 62.67
3.000 0.250 1.843 31.32
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