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(a) Force on the right hand side:
z=h 2
F,= ngszz =ng-h?
z=0
where W is the width of the barrage (= 10 m) and z is the distance below water
surface.
The moment about the water surface is:

z=h 3
M, = jpgzszz =ngh?
z=0
So the point of action is:

h3
M, _ng?_zh
- =2
F, ng% 3

(b) Force on the left hand side:

2

h
F, = pfgW%=1000x9.81x10x 6x6

=1765800=1765.8 kKN

. . 2 .
Point of action is located at 5 x 6 m below the freshwater surface, that is:

5 m below the hinge O.

(© Force on the right hand side:

2 2

Fy=p,gW h2 =1030%9.81x10x h; =50521.5-h,” N =50.5215-h kN

Point of action is located at %hs below the seawater surface, that is:
2 h .
7 —h, +§hs =7 —?S m below the hinge O.
Taking moment about O:
h
F, x5=F, x(7——sj
3
2 h
1765.8x5=150.5215xh~ x (7 - —?f-]

16.8405h° —353.6505h,> +8829 =0
5.89 m is a solution to the above equation.
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2.

(a) According to continuity equation, the velocity at Section A is 1.25 m/s.
According to Bernoulli equation:

1 1
P, '*'EPVAZ +p0gV, =Py +§PV32 + 08Vg
PB=Pa, VB=5m/s,yB=2m, VA= 1.25 m/s,yA=6m
1
P,—-P, =EP(VBZ fVA2)+pg(yB _yA)

= %x 1000 (57 —1.257)+1000x 9.81x (2 — 6) = 11718.75 — 39240 = ~27521.25

Gauge pressure is -27.5 kPa.

(b)
Ve=0,y.=5m

1
P, =P, +5p(V32 ¥ )+ pg(ys - .)

=101000+%>< 1000 (52 = 0?)+1000 % 9.81x (2 — 5)=101000 + 12500 — 29430 = 84070
Absolute pressure is 84.07 kPa.
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5.(a) Atsections 1 and 2, the streamlines are straight and parallel to the horizontal
bed, so the fluid particles do not experience any vertical acceleration. The vertical
force balance is between pressure differences and self weight, i.e. hydrostatic.

The fluid particles experience strong vertical movement cross the jump and close to
the block, so the pressure distribution close to the block is not hydrostatic.

(b) Use momentum equation:

D F =mlV,-7)

1 1 )
> PEVh == pgWhy’ —F =nlV, - V,)
1 1 .
F=§ngh12—5ngh22—pm(V2—Vl)
1 2 2 f m m
F=—pgW\h  —h, )- i —
ng (1 2) pm(pth pWhIJ
)
F=lng(h12—h22)—-m— R
2 p \Wh, Wh,
. 2
F=tpmw(n?—n2)e 2| L !
2 p \Wh, Wh,

This is the force acting on the water by the block. According to the Newton’s
3rd law, the force on the block has the same amplitude, but points downstream.

(c)

F=lx1000x9.81x15x(1.152—7.352)+1000><3102x L1
2 15x1.15 15x7.35

=-3,877,402.5 + 4,699,359 = 821,959.5 N = 822 kN
The force on the block is toward downstream.

(d
. 310
Atsection1: 5 =115 m, V, = ————=17.97 my/s.
15x1.15
. 310
Atsection2: b =735 m, V, = ———=2.81 my/s.
15x7.35

C, = pgh, +%,on2 =1000x9.81x1.15 +%><1000><17.972 =11281.5+161460.45
—172741.95 Pa=172.74 kPa

1
C, = pgh, +5sz2 =1000><9.81><7.35+%><1000><2.812 = 72103.5 +3948.05

=76051.55 Pa=76.05 kPa
They should be different, as there is mechanical energy loss in the hydraulic jump.

1 1
(©  AC=pgh+ oV —-(pth + ijj =172.74-76.05 = 96.69 kPa

Power = =- AC =310x96.69x10* = 29,973,900 W =29.97 MW
P
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