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Questions (answer all guestions)

Q1 (3) What is the main application of globe valves?

Q2 (3) What happens in transition from mild slope to steep slope?

Q3 (3) What is the main requirement in choosing repeating variables in Buckingham theorem?
Q4 (3) What parameter must remain constant in physical modelling of a spillway? Why?

Q5 (3) Choose the correct answer(s): What boundary conditions are possible for a one
dimensional unsteady subcritical flow:

1) Upstream: both discharge and depth. Downstream: none
2) Upstream: discharge. Downstream: depth
3) Upstream: depth. Downstream: discharge
4) Upstream: none. Downstream: both discharge and depth.

Q6 (3) Which of the following statements is wrong:

1) The discharge from a reservoir to a long steep channel may depend on the roughness of
the channel.

2) Supercritical flow is always controlled from upstream.

3) In subcritical flow, water velocity is greater than the wave velocity.

4) In steep channels, the normal depth is less than the critical depth.

5) The Froude number can remain the same as the prototype in distorted river models.
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Problems (solve problems 1,2,3,4, and two of 5,6,7)

P1 (22)- The normal depth in a concrete rectangular channel (n=0.013) is 0.9 m, the bed slope is
0.0004, and the channel is 7 m wide. A broad crested weir is installed in the channel in which
the bed is raised by 70 cm. After the weir, the bed level returns to its value before the weir.

A) Calculate the discharge of uniform flow.

B) Show that the flow becomes critical in the weir.

C) What is the increase in water depth due to construction of the weir? What is the
water depth just after the weir?

D) What is the water depth before and after the hydraulic jump?

P2 (17) Three reservoirs, are connected to a junction as shown. The water discharge in the pipe
1 (see figure) is 105 I/s and a globe valve (K. =10) installed on this pipe. What is the water
surface elevation in the third reservoir? All pipes are of diameter 40 cm with K=0.6 mm.
Assume rough regime for pipes 2 and 3 but calculate A in pipe 1. Ignore velocity head at the
junction.

Glob valve

L,=1900 m

e

P3 (15) Water is ponded behind a vertical sluice gate to a height of 4.1 m in a rectangular
channel of width 6.5 m. The gate opening is 1.1 m. Assuming the contraction coefficient
C=0.61, calculate the water discharge in the channel if the downstream water depth is 2.5m. Is
the jump submerged in this case? What is the maximum downstream water depth such that
the hydraulic jump is not submerged?

P4 (15) A pump is used to supply 100 I/s water from a reservoir to an industrial complex. The
pipe is made of galvanized iron (K;=0.15 mm), is 16 m long, and has a diameter of 32 cm. The
pump head and speed are respectively 21 m and 1000 rpm. Calculate the maximum elevation
of the pump such that cavitation is avoided. Local head losses (entrance, bend and check valve)
amount to 2.88 V2/2g. Assume rough regime in the pipe.
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P5 (15) A vertical venturi meter measures the flow of oil of density 720 kg/m? in a pipe and has
an entrance of 135 mm diameter and a throat of 65 mm. The throat is 250 mm above the
entrance. There are pressure gauges at the entrance and at the throat. If the coefficient for the
meter is 0.96, find the discharge when the pressure difference between the entrance and at the
throat is 25 kN/m?.

P6 (15) You are designing a stable channel of trapezoidal cross section. The mean diameter of
bed material, which are very rounded, is 1.1 cm with p=2650 kg/m?, the bed slope is 3x10™ and

the required water discharge is 40 m>/s.
v
\_/1

b m
A) What is the minimum stable side slope (m)?
B) If a conservative value of m=1.75 is chosen, what is the maximum allowed water
depth?
C) Would the bed width of b=10 m be a good choice for this channel?

P7 (15) A circular culvert of length 26 m and diameter 75 cm, is installed at a slope of 2.5
percent with a squared edge entrance (k.=0.5, C4=0.6). The Manning’s coefficient is n=0.014.
Under the flood conditions, the maximum available headwater above the culvert inlet is 2.5 m
and the tailwater depth is 1 m. Calculate the discharge capacity of the culvert.
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CVG 3116, Hydraulics, final exam equation sheet
Note: some of the following equations apply only to specific circumstances.

Orifice plate C4=0.65 , Venturi C4=0.98 , small orifice C,=0.98 , Cy4=0.6

2
large orifice C4 =0.8 , Contraction: k,=0.44 , Sudden expansion K :[ —%J

p=1000kg/m®> , y=9810N/m*®, u=10°N's/m*> , v =10°m?/s , g=9.81m/s’
Patm = 101340 N/m? ,  puap =2340N/m* , K=2.2x10°N/m® , E=2.07x10" N/m’

Q=VA

% v/
%+y1+a1$+Hp =&+y2+052£+2(hf +hL)

A
Z I:x = ﬂpQ(VZ _Vl)

_ _ | Py _
pitot tube  U=v2ON u= Zng(/9 0

D} 1 e p D
Qigear =_1( Z J 2gh” , h = Rp(_g_lj , M= Fl + Qacar = CaQugea

Venturi and Orifice place 4 mé -1

Small orifice Q, ., =C,CqAr+/20N

Q=C, %b@(hg/z —hf/z)

Large orifice

Re:\Q
v
32V
h, = 5
9D
2
h ALV
D 2g
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1 = —2Iog(

k, 2.51)
Ja

3.7D Re+a
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K, 5.1286)
Ja

t 5089
Barr: 3.7D Re

Kk 251y
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110 < N,, axial flow
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9 29
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NPSH,; = H pOerit

4/3
O = N,
crit 191
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3

L _JUGA_veavia via 7.0
VA V(A+A+A) A
V =C4RS,
1 A5/3

Q= n p2® 3/2

2 2
y,tat-+z, =Yy, +a->*+1z,
g=Q/b

q2 2
Es:y+a 2 ’ Es:y+a_
29y 29
aQriach _1
oA
2
3

yczsq_ ’ Vc:‘\lgyc ’ Ec:_yc

g 2
E,=E,, +Az

v Vv , 9
Fr=—— where D,=A/B , Fr=—— Fr?="2_

9Dy, Jay ’ ay
Y, = (y2 /2)(\/14'8':]’22 —1) y, = (y1/2)( /1+8Fr12 _1) AE = (yz - yl)3

4y,y,
2
E A5/3 Sl/z _ g_A3 S — gn2/y1/3 S - nQPZ/S
n P2/3 c B ) c c , c —A5/3
ﬂ: @ , szhL+Esdn_ESUp
AX 1-Fr mean SO _ Srfnean
2 2 _y/2 2
Bend h_=k_ V— , expansion / contraction h, =k, u
29 29

8|Page



2 2
Culverts: Q=C,AJ2gh , h=HW-D/2 , HW+S,L=TW +(kL+1+2F?Tr,’3 Lj\z/—g
3
(2+1j Fr,'
Bridges: b,, =rb, , r= o
(L+2Fr2f
2 2 2 2 . .
y_1+Q_(1_“CDj:£+Q_ | g Plerwidth b Q
2 oy, 2 2 0y, spanwidth b Nepand)
Upstream positive surge (Vl +V)y1 =(\v, +V)y2 .,V +V = %[ﬁ+lJ
Y1

Downstream positive surge (Vl -V )yl = (V2 -V )y2 , V-V =- %(_2 +1]
Y1

For D, <4 , F,=024/D,

. 4< D, <10 , F,=0.14/D*

00=RS , F=r——"N— . o< D, <20 , F,=004/DZ

20< D,, <150 , F;=0.013D;*
D, >150 , F,=0.056

/3

D, =D(gl(p, / p)-1)/v?)

n=0.042d%;

sin a . | Ther  Tscr
7. » = K7, , K=_[1-— , =min| —, :
SCR b.CR sin g y (7/ S, 0.75y SOJ
3.874x10°®
Du Boys qs = KTO(TO _TCR) , K= T

sediment discharge x time
1- prosity

Volume of sediment =

Ackers and White U. =,/gR,S,

If Dg, > 60: n=0, m=178 , A,=017 , C=0.025
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n=1-0.56log D,
m=1.67+6.83/D,,
A, =0.14+0.23/ Dy’

C— 102.79Iong,—0.98(I0ng,)2—3.46

If Dy, > 60:

n

_ U*

F V 1-n
" JaD[(p. / p)-1]\ V32 10g(10D, / D)

@H:C Fo |
gD |V Agr

3/5 0.3
Yo B Ly Yo gk, ﬁj
y, \b, d d
Physical quantity Dimensional
Form
Length L
Mass (m) M
Time (t) T
Velocity (V) LT
Discharge (Q) L3TL
Density (p) ML
Force (F) MLT?
Pressure (P) MLAT-2
Energy (E) ML2T-2
Power ML2T#
Dynamic viscosity (u) MLT?
Kinematic viscosity (v) LT
L v F . 2, 2
A=—" 0 A= k=T A=A A A, A, AL
LP VP Fp

ﬂl/

Reynolds number modelling: A, = Rl Ae =ﬁp/1vz » Ay =/1pﬂvz
L
. . . _ Ty _ 3/2 Ty
Distorted River Models: A, —,My , A _ﬂ_x , /1Q —/Ixﬂy , A= ﬂ,xllz
Ps A 13 5/3 7/6
Movable bed models: ¢ =—-1 , A, =—"" , A, =4", A, =4" , A4 =4,
P a,

j’t :/117/6

a
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29

5 2\ (g2 VP
Thin plate weir:  Q,je0 = _b\/E h+-1| - %

3 29
Vee weir: Qe =%\/Etan(9/2)hf’2

3/2
Broad crested weir: Q.. = \/ab(g Hlj

Venturi flumes (flat bed): Qidealzbyl\/% , Q=C,.C, Qe
1M Y2 ) ™

Gravity (Ogee) spillways : Q = ChH¥?

Stilling basins: Type Il : for Fr,>4.5, V,>20m/s , length:4.3vy;

Type lll: for Fr,>4.5, V,<20m/s , length: 2.7 y;

Type IV: for 2.5 < Fr,< 4.5 , length: 6.1y,
. 29
Sluice gates: Qg =Y, Y, . Y, =C.Ys
1T Y
Q°® Q* y', Q _y; Q@

+ =y+ , =+
N ogntyz = ognty?
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Figure 4.5 The Moody diagram.
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Table 4.3 Local head loss coethicients.

k; value
Irem Theoretical Design practice Comments
bellmouth entrance 0.05 0.10 V = velocity in pipe
exit 0.2 0.5
90° bend 0.4 0.5
A tees
in-line flow 0.35 0.4 (for equal diameters)
branch to line 1.20 1.5 (for equal diameters)
gate valve (open) 0.12 0.25

Table 5.1 Geometric properties of some common prismatic channels.

jo— B — l.._a_.l "—B—&l
_L -
&
P i Bl v 1 *
Rectangle Trapezoid Circle
area, A by (b+xly (b sin)D*
wetted perimeter, P b+ 2y b4 2yJ/T+a2 ;-.OD
top width, B b b+2xy (sin ;)o
‘. cadi by (b+xyly 1(,_sind
hydraulic radius, R 542y T, 3 (l = )D
. (b+xy)y 1 [ d-sind
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Angle of repose ¢ (deg)
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Figure 9.3 Shields’ diagram.

Table 8—3 Shape Coefficient K, for Pier
Nose Forms*

Nose form Length/width Sketch K,
ratio

Rectangular G 1.00

Semicircular G 0.90

Elliptic 221 & 0.80
31 G 0.75

Lenticular 24 | < 0.80
3:1 i 0.70

*(To be used only for piers aligned with the flow.)
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