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(a) At both sections 1 and 2 the flow is far away from the jump, can be

treated as quasi-steady, the streamlines are horizontal, the flow has no accelerations in
vertical direction. [2]

Q2.

(b)  Force Momentum Equation in horizontal direction:
F, + [pdd, + pA YV} = [pda, + paV;

1 1
I +§pgw1h12 +pwlhlVl2 = Epnghzz +pW2h2V22

Assumptions: 1). Inviscid flow — no viscous friction force from the bed and
sides on the flow (and water is treated as incompressible here by default);

2). Uniform channel width — no horizontal pressure force due
to channel width change;

3). Steady flow at sections 1 and 2.

The assumptions lead to F, =0; p and w constant so can be divided

throughout, the result is: %ghl2 +hV}? = %ghz2 +h,V;} asrequired. [4]

(c) Similarity means across the jump % will be the same for both the
1

real and the model jumps. The expression of Froude number given indicated

that for constant % the non-dimensional group Froude number must stay the
1

V
same for the real and the model jumps: ——= - g
ghl mod e/ v gh1 real
h
I/l,mod e = ]:m()d i I/1,,-301 = \/% ' 10 = 5 WIS_1 [4]

1,real

(a). Locations 1 and 2 are far away from the impingement point,
streamlines are straight and parallel so pressure is the same as atmospheric
pressure, no pressure gradient across the streamlines at these locations. The
flow is steady, inviscid and incomressible, Apply Bernoulli’s Equation on a
streamline in the middle of the jet, ignore the potential energy change of the
air jet due to small height change:
1 1 : ;

2 +§,0V,2 = p, +§,0V22 , this leads to ¥, =V, =40 ms’'

By continuity: AV, = h,V,, this leads to &, = 4y =20 mm



Q2 conddch

(b).  Apply SFME on a control volume consisting inlet at 1, the jet itself and

-

exitat2: F,=m(V,-V,)= 40(73 ~lyh=-429p,, ;

; . 1 .
F,=m(V,-V,)= m-40-5 =20m=192p,,
Take p,, =1.225 kgm™ (databook P31), F, =-5.15N; F, =19.2N

F
Total force: F = F?+F* =19.88N; Direction: S = arcig—-=105°
¢ F

The force acting on the plate due to the flow has the same amplitude and
opposite direction: 19.88 N and pointing —75° from x direction.

X
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[6]
Q5. (a). Take a coordinate s along the gate BA starting from hinge B, at any

point s, the local gauge pressure p is: %L + %s . Total hydrostatic force

a1l A2 1 42
F fpdA f(4L+ ) s)pgwds = pgwlL (4+ A
the pressure force acts perpendicular on the surface, the direction of the force
is 45° south-east on Fig.3.
Alternatively, horizontal force

) (=0.604pgwl?), as

: 1, (LY 1 {1 N3) (1Y _ 1 A2
Fy = IPdA: .EMPgthh:EPgW(ha —(Zj )=~ pewL ([Z+—Q_} _(Z) )=(Z+—8‘)Pgw

(= 0.427 pgwl?)
Vertical force equals to the weight over the gate:
V2L f 2LY fz 2. L, A2 1 =
F, = (——L i 5 )= pgwl (== +3) = pewl (55 & 0.427 pgwl’)

Since F, = F), 1"‘:1/1‘7'J3+F2 F, W2 = i 2 = pgwL’( \? —) and the force

acting at 45° from vertical (or horizontal) direction. [6]
G
(b). Appy Bernoulli’s equation on an imaginary streamline from the top of the
water to the top of the flow at the downstream location 2 where 4, is measured and
where streamlines are horizontal (being away from point A) and local pressure is

atmospheric (gauge pressure = 0): gh, = —;—Vf; V, =+2gh,

L2



QS co nhicwed 0 0 _
Continuity requires: O=hwV,; h= - = 1
Wy 28h w1ﬂg(§+\/§)L

o
w gL)

(4]
oy IB =08, by = %hz — 0935 9]

4w1f(% ++2)gL

(¢) The moment of an element hydrostatic force acting on point B is
dM = pegwpsds, integrate along the gate,
1 D E 2 2 g .1 2
M= —Ls+——s°)ds = ——+—=L)= L'(—+—
fng(4s 5o V) paw( =+ 53 )= pgwLli(g+--)
To activate the gate the moment due to 7 should be larger than that due to hydrostatic
force:

1 ﬁ 0-Stol
T > pgwl’ (5 + ?) (= 0519 pgwl*) [9]

(d) The horizontal hydrostatic force does not change, but the vertical force
will reduce as the volume of the water on the top of the gate is smaller for the quarter-
circular cylindrical gate. The moment to hinge B due to the horizon force does not
change. The difference in the moment due to the elementary vertical hydrostatic

forces is d(AM) = pgw(Ap)sds = PEW(P jy — Peyiina. )54, because

AP = (P gt = Peyiina.) 1S alWays positive over the gates, d(AM) is always positive
therefore AM , the difference between the moments of the flat gate and of the
cylindrical gate is positive so M 4, > M, , therefore Ty, > T 5 i.e. the
cylindrical gate requires less force to activate as compared to the flat gate. [6]
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