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List of symbols and abbreviations

Symbols

2

Symbol of Kronecker

Gradient of deformation
Acceleration; Dimension; index
Area

Dimension; Index

Dimension; Index; Velocity of elastic waves propagation
Coefficient; Costs

Factor of contraction

Initial costs

Annual energy costs

Contraction coefficient

Discharge or download coefficient
Specific heat

Specific heat; Coefficient of velocity
Dimension; Index

Diameter

Energy

Number of Euler

Force

Function

Gravitational acceleration

Charge; Energy

Height; Elevation; level

Inclination; Index; Slope

Moment of inertia

Unitary charge losses

Coefficient

Coefficient of rugosity

Number of Kundsen

Support; Length

Dimension; Index

Number of Mach; Total quantity of movement or total impulsion
Coefficient; Index; Rotation velocity
Number of rotations

Pressure

Perimeter; Position; Power; Pressure
Flow rate; Matrix of transformation
Instantaneous Flow rate

Radius

Hydraulic radius or radius

Cross Section Area; Capacity of aspiration; Plain surface
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Length of a Line

Number of Strouhal

Tensor of tensions; Temperature; Torque
Time

Average velocity or speed
Velocity

Velocity; Volume

Number of Weber

Coordinate

Height; Coordinate
Topographic height

Variation

Charge losses

Function

Function

Rotational

Angle; Coefficient

Coefficient of Boussinesq
Angle; Volumetric weight
Coefficient of superficial tension

Coefficient; Grade of reaction of turbines; Parameter of rugosity of

Nikuradse

Coefficient; efficiencylyield; Specific rotation
Angle

Coefficient; Function; Charge loss;
Coefficient of dynamic viscosity or absolute viscosity
Volumetric mass or density

Superficial Tension

Tension

Coefficient of kinematic or relative viscosity
Wet or slinked perimeter

Angular velocity; Vorticity

Tensor rate of deformation

15t Edition

Hydraulics - Page 12 Professor: Sérgio Lousada



T8
UNIVERSIDADE da MADEIRA

ABBREVIATIONS

University of Madeira
Faculty of Exact Sciences and Engineering
Curricular Unit: Hydraulics

Course: Bachelor/1%* Cycle of Bologna - Civil Engineering

Approx.. Approximately

Cf. According

CG Gravity center

CGS System Centimetre—Gram—-Second
Cst. Constant

Eq. Equation

NA Level of Water

NPSH Net Positive Suction Head

RAM Regido Autbnoma da Madeira
S.L.or F.S. Free surface

Sl International system

T.Q.M. Theorem of the amount of movement
Theo. Theorem

us United States

USBR United States Bureau of Reclamation
VRP Pressure reduction valve

WES Waterways Experiment Station
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CHAPTER 1 - Introduction

1.1. The relative specific weight of a substance is 0.8. How much will be its specific
weight?

1.2. Find the air mass and weight contained in a room 3.0 m high and an area of
4.0 m x 5.0 m. What would be the mass and weight of an equal volume of water? (g =
9.8 m/s?)

1.3. In a pipe flows hydrogen (k = 1.4;R = 4122 m?/s?K), at a section (1), p; =
3 x 10° N/m? (abs) and T, = 30 °C. The temperature is constant throughout the pipe.
What is the gas specific mass at a section (2), where p, = 1.5 X 10° N/m? (abs)?

1.4. The kinematic viscosity of an oil is 0.028 m?/s and its relative specific weight is
0.85. Determine the dynamic viscosity in the unit systems MKpS, CGS and Sl. (g =
10 m/s?)

1.5. A square plate 1.0 m long and weighing 20 N slides in an inclined plane at an angle
of 30° over a layer of oil. The plate velocity is 2 m/s , constant. What is the oil dynamic
viscosity, if the thickness of the oil layer is 2 mm?

Figure 1 — Sliding Plate (Brunetti, 2008).

1.6. Two different parallel plates are separated by 2 mm. The upper plate moves at
4 m/s, while the lower one is fixed. If the space between those two plates is filled with
oil (v =0.15t; p = 830 kg/m3), what would be the shear or tangential tension acting
on the oil?

2 mm

P /.ﬁr r’ﬁ el v r/’f'f/ -/ ¥ r';
Figure 2 — Oil between two parallel plates (Brunetti, 2008).
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CHAPTER 2 — Fundamental Equation of Fluids Movement

2.1. A gas flows in permanent regime in a section of the pipe in the figure. At section
(1), A; = 20 cm?, p, = 4 kg/m3 and v; = 30 m/s. At section (2), A, = 10 cm? and p, =
12 kg/m3. What is the velocity at section (2)?

{ras ﬂ

|
|
|
T
1
1
|
1
1
1
]
1

o

7
\ (2)

(1)1

Figure 3 — Convergent pipe with a flowing gas (Brunetti, 2008).

2.2. The Venturi is a convergent/divergent pipe, as shown in the figure. Determine the
velocity at the constricted section (or choke) of 5 cm?, if the section at the entrance has
20 cm? and velocity of 2 m/s. (Incompressible Fluid).

\ Venturi /

i me CthE e e e o e '||

e

Figure 4 — Convergent/divergent pipe (Brunetti, 2008).

2.3. The air flows in a convergent pipe. The area at the major section of the pipe is
20 cm? and the minor section is 10 cm?. The specific mass of the air in section (1) is
1.2 kg/m3, while in section (2) is 0.90 kg /m3. Being the velocity at section (1) 10 m/s,
determine the flow rate in terms of volume, mass and weight, as well as the average
velocity in section (2). (g = 10 m/s?)

M

Figure 5 — Convergent pipe with air (Brunetti, 2008).

2.4. A pipe admits water (p = 1000 kg/m3) to a reservoir with a flow rate of 20 L/s. In
the same reservoir is introduced oil (p = 800 kg/m3) by another pipe with a flow rate
of 10 L/s. The homogeneous mixture is discharged through a pipe which section has
30 cm?. Determine the specific mass of the mixture in the discharge pipe and its
velocity.
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2.5. At a plane Oxy, the velocity field is given by v, = 2xt and v, = yt. Determine the
acceleration at the origin and at point P = (1,2) at instant t = 5 s (meassurement in
cm).

2.6. A viscous and incompressible fluid flows between two vertical flat plates as shown
in the figure. Assume a laminar, permanent and uniform flow.

a) Determine an expression for the gradient of pressures in the direction of flow by
using Navier-Stokes’s equations. Express dp/dy as a function of flow rate per length

unit (q);
b) What would be the flow rate if dp/dy = 0.

flow direction Yy
__."": ._.I . F
: ,:i-;::::::z :-'}1 = ,,_} V %
e il | __.-" g \ /) o '
72 | ,2/ % y 4 \é X
[ I [ s A
'y é 5 7 7
o a7 . —X
) /:/ / Z = ) ) . /_,' /
h' h h' h

Figure 6 — Fluid flowing between two plates (source: Author).
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CHAPTER 3 — Hydrostatics

3.1. The figure shows a scheme of a hydraulic press. Those two plugs have areas of
A; =10 cm? and 4, = 100 cm?. If a 200 N force is applied at plug (1), what would be
the force transmitted to plug (2)?

FLI

(2) (1
. T ° 1 [ T1I N I A

FTTT D

P

Figure 7 — Hydraulic Press (Brunetti, 2008).

3.2. Determine, based on a pressure value of 340 mmHg, the pressure values in
kgf /cm? and psi at an effective or manometric scale, and in Pa and atm in an absolute
scale. (pgem = 101.2 kPa)

3.3. A storage tank 12.0 m deep is full of water. The top of it is open to the atmosphere.
What is the absolute pressure at the bottom of it? What is the manometric pressure?
(g = 9.8 m/s?)

3.4. Given the figure:
a) What is the reading on the manometer?
b) What is the force that act at the reservoir top?

Toparea  — |(j

T.:p - H“[HI N'rﬂ'lj pi.tl?l

'|" - [ __ - _. - -._-‘__-:' - T
o [ S s e i Tge™ H0WNAY

aF
e ——— iy N Eh =-60 cm

Figure 8 — Manometer (Brunetti, 2008).

3.5. A rectangular reservoir as shown in the figure is 4.5 m long, 1.2 m wide and 1.5 m
high. It contains 0.6 m of water and 0.6 m of oil. Calculate the forces caused by the
liquids in the lateral walls and bottom. Given y; = 8500 N/m?3; y, = 10000 N/m3.
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Figure 9 — Rectangular reservoir (Brunetti, 2008).

3.6. A cast iron cylinder with 30 ¢m in diameter and 30 cm high, is immersed in sea
water (y = 10300 N/m3). What is the impulsion caused by water in the cylinder? What
is the impulsion, if the cylinder was made of wood (y = 7500 N/m3)? In that case, what
will be the immerse height of the cylinder?

? ! s

Figure 10 — Cylinder partially immersed (Brunetti, 2008).
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CHAPTER 4 — Theorem of Bernoulli and applications

4.1. A Pitot tube is attached to a ship moving at 45 km/h. What would be the water
height (h) in the vertical pipe? (g = 10 m/s?)

h ’ 1’
T ] >

Figure 11 — Pitot tube attached to a ship (Brunetti, 2008).

4.2. Given the device shown in figure, calculate the water flow rate in the pipe. Given:
Y0 = 10* N/m?; v, = 6 x 10* N/m?; p, = 20 kPa; A = 1072 m?; g = 10 m/s?; ignore
losses and consider a uniform diagram of velocities.

Water e %.

Figure 12 — Pipe with a Pitot tube (Brunetti, 2008).
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4.3. In the pipe shown in the figure, the fluid is considered ideal. Given: H; =
16 m; p; = 52 kPa;y = 10* N/m3; D, = D; = 10 cm. Determine: (g = 10 m/s?)

a) The flow rate in terms of weight;

b) The height h; in the manometer;

¢) The diameter of section (2).

i = 1,36 x 10° N/m*

Figure 13 — Venturi Pipe (Brunetti, 2008).
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4.4. A pump is installed at a PVC pipe that connects two reservoirs with free surfaces
at elevations of 95m and 120 m, as shown in the figure. The pump works daily for
10 hours, at 85% efficiency (pump-motor), elevating a total of 720 m3. At such
conditions determine:

a) The pump’s total height;

b) The daily energy consumption;

c) The water pressure, upstream of curve D.

Note: Consider reservoirs of great dimensions, y,, = 9800 N/m?3, g = 9.8 m/s? and
ignore localized charge losses.

120
v—
G
100 Dac = 150 mm
v_._.
D Lao=5m
— — Los =100 m
Lec = 1000 m
) ,% Jae =0,008meca./m
Al

Figure 14 — Hydraulic circuit (Vasconcelos, 2005).
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CHAPTER 5 — Theorem of amount of movement and applications

5.1. A jet diverter moves at 9 m/s. A nozzle of 5 ¢m in diameter ejects oil at 15m/s.
Such jet acts in the diverter as shown the figure. The output angle is 60° and the oil
specific weight is 8000 N/m3. Calculate the force of the jet against the diverter. (g =
10 m/s?)

5.2. Calculate the horizontal force applied at the support of the nozzle in the figure.
Knowing that the water acts in the plate, flat and vertical, and it gets distributes in all
directions equally, calculate the necessary force to keep the plate in its position (rest).
Given: p; = 150 kPa; v, = 5m/s; D, = 10 cm; D, = 5 cm; p = 1000 kg/m3.

Classical joint A o L R R Support

x

Figure 16 — Nozzle, jet and plate (Brunetti, 2008).

5.3. The water that leaves a reservoir of greats dimensions flows through a pipe of
15 cm of diameter and acts in a fixed reflector blade, it is deviated 90°, as shows the
figure. Knowing that the developed horizontal push in the blade is 1000 N, determinate
the power of the turbine. Given: p = 1000 kg/m3; the charge losses of turbine are
ignored; ny = 70%.

N m

Figure 17 — Jet and fixed deflected blade (Brunetti, 2008).
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5.4. Determine the power transmitted by a water jet in a Pelton type action turbine.
Also determine the power transmission efficiency.

Figure 18 — Pelton turbine (Brunetti, 2008).

5.5. The turbine shown in the figure “extracts” a power of 2.9 kW from flowing water.
Ignoring losses at the choke, calculate the applied forces by water at the choke and
turbine, respectively. Given: py,o = 1000 kg/m?; g = 10 m/s?.

@p=34k[’a

Dy =15 em

Dy, =30 cm

Turbine

Figure 19 — Turbine installed in a choke (Brunetti, 2008).

5.6. The ship shown in the figure has a propulsion system that consist in a pump that
suck waters at bow and ejects it at stern. All pipes have 5 cm in diameter, and an output
flow rate of 50 L/s. Calculate the propulsion force at departure, which means that at
that moment the ship is at rest. Admit that the pressure at inputs and outputs is
practically atmospheric (p = 1000 kg/m?3).

A a
S he0 e = =
i
soe(D)

6{)°* 2

Figure 20 — Ship (Brunetti, 2008).
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CHAPTER 6 — Flows through orifices and dischargers or spillways

6.1. Being C, = 0.9 and C, = 0.6, determine pressure p;, knowing that the fluid is water
and rises 3 m in the Pitot tube. Determine the flow rate, knowing that the orifice area
is 50 cm?.

RPN & IO
=
RN )
{_'_l.__ = R,

Figure 21 — Reservoir with orifice and Pitot tube (Brunetti, 2008).

6.2. The upper reservoir discharges water through an orifice with C; = 0.6, to a
reservoir that discharges through another orifice. The system is in equilibrium, so the
water level does not change at any reservoir. What is the discharge coefficient in the
second orifice? Given: orifice (1) diameter: 9 cm; orifice (2) diameter: 10 cm.

] _—=p=0.1MPa

Figure 22 — Reservoir system (Brunetti, 2008).

6.3. At the device shown in the figure, calculate the water flow rate in the pipe. Given:
Yu,0 = 10* N/m?; v,y = 6 X 10* N/m?; p, = 20 kPa; A = 1072 m?; g = 10 m/s*. Ignore
losses and admit a uniform diagram of velocities at the section.

Figure 23 — Device (Brunetti, 2008).
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6.4. At the bottom of the lower reservoir shown in the figure, which is initially empty,
has a wooden cube with a 1 m edge. From the upper reservoir flows water through a
sharp edge orifice with a contraction coefficient of C. = 0.6. Determine the value of the
orifice velocity coefficient, in order to make the cube float in 20s. Given: y,p0a =
8000 N/m?; Apyifice = 0.1 m?; g = 10 m/s?,

!

4m
Figure 24 — System of reservoirs and a wooden cube (Brunetti, 2008).

6.5. A thin edge orifice with 7.5 cm in diameter discharges at a flow rate of 28 L/s. A
point in the jet trajectory is measured, obtaining x = 4.7 m for y = 1.2 m. Determine the
orifice velocity, contraction and flow rate coefficients.

5m 4.7m

— i

/.

il

\

S e
e 22,

..... W i A A

Figure 25 — Reservoir with thin edge orifice (Brunetti, 2008).

6.6. After operating for 5 min, the lower reservoir initially empty is full, then, the gate
turns around A axis, due to the moment of 6 x 10* N.m produced by water. Determine
the output orifice discharge coefficient of the upper reservoir. Orifice area = 0.01 m?.

AuxisA

| Orifice

]

/J/,rﬁate

Figure 26 — Reservoirs system with gate (Brunetti, 2008).
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CHAPTER 7 — Dimensional Analysis

7.1. Write the dimensional equation of kinematic viscosity in FLT (mass, length, and
time) system of units.

7.2. The flow rate Q of an ideal liquid that flows to the atmosphere through a thin edge
orifice located at a lateral wall of a reservoir, is function of the orifice diameter D, the
fluid specific mass p and the pressure difference between surface and the center of
the orifice. Determine the flow rate expression.

pﬂtm |

=

|
Patm
Figure 27 — Ideal liquid that flows to atmosphere (Brunetti, 2008).

7.3. The velocity v with which the fluid goes through the triangular spillway shown in
the figure, is function of the gravitational acceleration g and the height h of the free
surface of the liquid in relation to the triangle vertex. Determine the flow rate
expression.

T = PR

Aot
Figure 28 — Triangular spillway (Brunetti, 2008).

15t Edition Hydraulics - Page 29 Professor: Sérgio Lousada



University of Madeira

o Faculty of Exact Sciences and Engineering
I Curricular Unit: Hydraulics
UNIVERSIDADE da MADEIRA Course: Bachelor/1%* Cycle of Bologna - Civil Engineering

15t Edition Hydraulics - Page 30 Professor: Sérgio Lousada



University of Madeira

o Faculty of Exact Sciences and Engineering
I Curricular Unit: Hydraulics
UNIVERSIDADE da MADEIRA Course: Bachelor/1%* Cycle of Bologna - Civil Engineering

CHAPTER 8 — Similarity

8.1. It is necessary a 15 N force to tow a plate 1.5m long and 15 cm wide, totally
immersed in water, at 6 m/s. What dimensions a similar plate must have, towed in the
air at 30 m/s, to verify complete similarity? At those conditions, what force it is
necessary to maintain the plate in movement? Given: py,, = 1000 kg/m?; vy, =
107 m?/s; pgr = 1.2kg/m3; v, = 10">m?/s. Representative function of the
phenomenon: f(F,v,L,p,u) = 0.

8.2. Testing a model in a test tank, it was verified that the magnitudes involved in the
phenomenon are: v, g,L,v. The prototype will operate in water at 20°C, of kinematic
viscosity v = 107°m?/s. It is known that the geometrical similarity scale is: K, =
L,,/L, = 1/2. Choose, between the given fluids, the one to obtain complete similarity:

Table 1 — Fluids (adapted from Brunetti, 2008).

Fluid v = (m?/s)
Water at 20°C | 10°°
Water at 50°C | 7 x 1077
Water at 90°C | 3.54 x 10~

Mercury 1.25 x 1077
Gasoline 5.12 x 1077
Kerosene 3.1x10°¢

8.3. The figure shows a sketch of a centrifugal pump in a section view. At a centrifugal
pump, the manometric charge increases when making difficult the pass of the fluid,
which means, flow rate. It also means that the same pump in different hydraulic
installations can supply different flow rates and manometric charges, depending in the
difficulty created to the flow. The figure shows the characteristic curve Hg = f(Q) of a
centrifugal pump, with a rotor 15 c¢m in diameter and 3500 rpm. Remember, that the
dimensionless characteristics parameters of a pump are ¢ =Q/nD? and ¥ =
gHgz/n?D?, because of the negligible effect of viscosity, it is not necessary to assume
or include Re. Determine:

a) A universal curve for all similar pumps;

b) The characteristic curve Hg = f(Q) of a similar pump, but with two times the
diameter and half the rotation.

s 10 15 20 Q
(L/S)
Figure 29 — Centrifugal Pump (section) and characteristic curve (Brunetti, 2008).
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CHAPTER 9 — Flows under pressure

9.1. In the installation shown in the figure, the objective is to know the difference of
heights Ah between those water reservoirs. Given: power supplied to the fluid N =
0.75 kW, diameter D =3 cm; Q =3 L/s; Ly, =2m; L3 =10m; kg = 1; kg, = kg, =
1.2; ks, =1.6; v =10"°m?/s; f =0.02; y =10* N/m3. Also determine the pipe
rugosity and height hy, in order to have a null effective pressure at the pump.

(7)

F S “"'___'_______________—;,P‘
Ah| (5)
)

(6

(0]

T I '

K (5)
) @O—~3) @
Figure 30 — Installation of two reservoirs and a pump (Brunetti, 2008).

9.2. In the figure, H; = 56 m, H, = 38 m and the equivalent lengths of the singularities
are Loy, = 18 m and L,,, = 2 m. Determine:

a) The coefficient of distributed charge losses f;

b) The length of the installation between (1) and (4);

¢) Singular charge losses due to valve (3).

T 1 ey 1) E.!“'R

i.'ate!i_‘__ }!1 B }I{ _I)—-'-l:m :li -

(S -
{2} i3

(n (@)

Figure 31 — Pipe with singularities (Brunetti, 2008).
9.3. At the installation are given: reservoirs of great dimensions; f = 0.01; kg, = 2;
y = 10* N; g = 10 m/s?. Determine:
a) Flow rate in terms of volume;
b) Charge losses in the installation;
c) The value of x;
d) Replacing the elbow (2) by a turbine an keeping the other conditions, determine the
power, knowing that nr = 90%.

Figure 32 — Installation with reservoirs of great dimensions (Brunetti, 2008).
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CHAPTER 10 - Permanent flows in pipes, conditioned by hydraulic
machines

10.1. At the installation shown in the figure, the machine M, supply the fluid with an
energy per unit of weight of 30 m and the total system charge loss is 15 m. Determine:
a) Power of the machine M;, being n,,; = 0.8;

b) Pressure at section (2) in mca;

c) Charge losses between (2) — (5).

Given: Q = 20L/s;y = 10* N/m3; g = 10 m/s?; A = 10 cm? (pipes’ section area).

i Py =025 MPa
............. )
< _
ps =04 MPa
pi = 0.2 MPa . VS
10 @~ Smii
10m | f (5) —
:I)U () =
Sm
H,0

...... e e I[ @ -
(3) (4)

Figure 33 — Installation conditioned by 2 hydraulic machines (Brunetti, 2008).

10.2. In the installation shown in the figure, the machine flow rate is 16 L/s and H,; , =
Hp34 = 1m. The manometer at section (2) indicates 200 kPa and at section (3)
indicates 400 kPa. Determine:

a) The flows direction;

b) The charge losses between (2) — (3);

c) The type of machine and necessary power to exchange with the fluid in kW,

d) The air pressure in section (4) in MPa.

PHER

4 3
T":“ - Iﬂ' NI"] : "Im . {LR

Figure 34 — Installation conditioned by a hydraulic machine (Brunetti, 2008).
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10.3. In the installation shown in the figure, all pipes have same diameter (D =
138 mm); The register at section (1) is set to a have half of the flow rate at section (2).
For such condition, the pump manometric height is 8 m and the charge losses are:

Hpoe = %073/29); Hpsy = 5(i/29); Hys, = 1.5(v3/2g). Ignoring the charge losses at
the T (pump output), determine the power of the pump with an efficiency of 48%.
(Yu,0 = 10* N/m3; g = 10 m/s?).

.’F:j ————

7m

= Z z

H,0

v~ ¢
Figure 35 — Installation conditioned by a pump (Brunetti, 2008).
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CHAPTER 11 - Flows with Free Surface

11.1. Consider a cross-section represented in the figure, where rugosity in the lower
bottom is given by Kg = 80 m!/3 /s and at the higher bottom (flood) is Ky = 40 m*/3/s.
The bottom slope is 0.2%.

a) Determine the channel water deepness (h), when present a flow rate of 25m3/s
considering uniform regime.

b) Determine the flow rate, considering uniform regime, at a situation where water rises
2.00 m above the upper bottom (flood).

i VAL N
2m 1 1
3 3
Y
A T 1 N\
h 3 3
!
Al
- 5m x| 10m U x] 5m o

Figure 36 — Channel cross-section (source: Author).

11.2. Consider a trapezoidal channel with the following characteristics, where flows
water at 15 m3/s in uniform regime: base length = 2.00 m; lateral walls slope = 1/1;
walls' rugosity (concrete), Cg = 0.16; bottom slope = 3 m/km. Determine:

a) Critical height.

b) Normal height and the respective wet perimeter.

11.3. A 4.0 m long normal threshold discharger or spillway, discharges a flow rate of
20 m3/s. The hydraulic rebound that forms in the channel, downstream of the spillway,
has an upstream height equal to 1.2 m. Determine:

a) Height at downstream of the rebound;

b) Energy losses at rebound;

c) Velocities at upstream and downstream.
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SOLUTIONS
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CHAPTER 1 - Introduction

1.1. Answer:

Yy = =¥ =7V ¥u,0 = 0.8 %1000 = 800 kgf/m* = 8000 N/m>

YH,0
1.2. Answer:
The volume of the roomisV = 3.0 X 4.0 X 5.0 = 60 m3
Air mass (Mg ): Myiy = PairV = 1.2%X 60 =72 kg
The air weight: Py, = Mgirg = 72 %X 9.8 =700 N
The mass of a same volume in water: My,qrer = PwaterV = 1000 X 60 = 6.0 X 10* kg
The weight is: Pygrer = Mygrerd = (6.0 X 10*) X 9.8 = 5.9 X 10°N = 66 ton
A room full of air weights the same as an adult of average size! The water is almost

1000 times denser than air; its mass and weight are major by that same multiplier. The
weight of a room filled with water would make the floor of a normal house collapse.

1.3. Answer:
P1 P1
— =RT =—;T; =30+ 273 =303K
01 17 P1 RT, 1 +
Th _ XA aakgm?
€M P1= w303 - 024 kg/m
P1 D2 P2
As:Ty =T, > —=—o0up;, =p;—
1 2 o1 Dy P2 Plpl
1.5 x 10°

. = . — 3
Therefore: p, = 0.24 X 3% 105 0.12kg/m

1.4. Answer:

i =238kgf - s/m?* (MK,S)
u =233 dina-s/cm? (CGS)
u=233N-s/m?(SI)
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1.5. Answer:

From theory:

As ¥ = constant — a = 0, then Zﬁ = 0, thus:

T = weight in the direction of the movement at the given velocity = G X tana
= 20 X tan 30°

Adopting a linear diagram of velocities:

{d? = thickness of the oil layers = ¢
dv = velocity of the plate = v,

Then:

£ 0.002
p=t—= (20 x tan 30°) = 1072 N - s/m?
0

1.6. Answer:
dr dv
= _— = —_—
R=Tas 7 = Har

The dynamical viscosity (1) can be calculated from kinematic viscosity (v) attending to
the ratio:

U
V==
p

Then, in international unit system:
u=vp =0.00001 x 830 = 0.0083 N - s/m?
Adopting a linear diagram of velocities:

{d? = distance between plates = ¢
dv = velocity of the upper plate = v,

Then:

= v0—00083-—4 =16.6 N/m?
= =0 0.00z ~ L6:6N/m
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CHAPTER 2 — Fundamental Equation of Fluids Movement

2.1. Answer:
AS:
le = sz

p1 A4
P1V1A1 = pavA; > v = 1y EA_Z
Therefore:

30 x - x 20 _ 50
= X— X — =
& 12710 m/s

2.2. Answer:
By the equation of continuity:

VeAe = VgAg

A, 20
Vg =‘Uez= 2'?= 8m/s
2.3. Answer:

AS:

p1 41
P1V141 = pavyA; o vy, = 1y ZA_Z

Therefore:

v2=10x§xﬁz26.7m/s

The flow rates in terms of volume are given by:

{Ql = v;A; = 10 X 0.002 = 0.02 m3/s
Q, = v,A, = 26.7 X 0.001 = 0.0267 m3/s

The flow rates in terms of mass are given by:

{le = pyvy Ay = p,Qy = 1.2 x 0.02 = 0.024 kg /s
sz = pzvaz = szZ = 0.9 x0.0267 = 0.024 kg/S
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Qm1 = Qmz = @, Which means, the air mass is constant along the pipe.
The flow rate in terms of weight is given by:

Q1 =052 =0, Xxg=0.024x10=0.24N/s

2.4. Answer:

The specific mass of the mixture is given by:

Qm3 — (le + sz)
Q3 Q3

The flow rate in terms of mass are given by:

P3 =

{le = p,0Q; = 1000 x 0.02 = 20 kg/s
Qmz = p2Q, =800 x 0.01 =8kg/s

Then:

2048
P3 =503

~ 933 kg/m?3

The velocity in (3) is given by:

_Qs_ 003 _
Vs =4 = 0003 L0™/S
2.5. Answer:

The movement is varied, because v, and v, are functions of time.

( v, oV, v, v,
!ax— 5 T Vg TV 3 + v

vy, vy, vy, v,
Layz T + vy I + vy, 3y + v, PP

a, = 2x + 2xt(2t) + y?t(0) = 2x + 4xt?
a, = y* + 2xt(0) + y*t(2yt) = y* + 2y3t?

Atinstantt =5 s,

a, = 2x + 4x(25) = 102x
a, = y*+2y3(25) = y* + 50y°
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At point P = (1,2),

a, =102 x 1 =102
{ay = (2)2+50(2)% = 4 + 400 = 404

Then:

ld| = \/(102)2 + (404)2 = 416 cm/s?
2.6. Answer:

In this problem exist only a component y of velocity, and it is in function only of x for a
flow fully developed. Then:

Lo

In order to have a flow must exist a gradient of pressure in the direction of y, which
means, dp/dy # 0.

Then, the equations of Navier-Stokes become:

0 0

Inx: 0=ng—£—>£=0 as g, =20
0 0

Inz: 0=pgz—£—>£=0 asg, =0
op  0%v

Iny: 0=pgy—@+,uﬁ (D

a) Replacing g, = —g in (1), and being v = v(y):

@) Ev v, ldp
“dx? poopdy

Integrating a first time:

O A L.
'dx_ux udyx 1

Knowing thatt =0inx =0andas 7 = yj—;, then C; = 0.

Integrating a second time:
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1dp
—EXZ + Cz

h, it is obtained:

h? + C,, where:

Replacing C, in (4), then:

1 [dp+ ](
=—|- x
wlay 77

2_h2)

The flow rate per unit of length is:

+h 1 [dp +h +h
qu vdx=—[—+y]{f xzdx—f hzdx}ou
~h 2uldy ~h ~h

1

1=5,

3 _op3
[dy+y]{h Zh}where

2h3 dp

== 3;1 dy

o]

Obtaining:

3uq

2h3

dp

& y or:

.|ap
JdFs

g
2h3

[+

b) For dp/dy =0,

2yh3
3u

g =—

it is obtained a flow caused only by gravity and given by:
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CHAPTER 3 — Hydrostatics
3.1. Answer:
The pressure transmitted by the plug (1) will be p; = F, /A;.

But based in the Pascal law, that pressure will be transmitted integrally to plug (2),
therefore p, = p;. Then:

p2A; =14 = F,

AS:

B 200 _ 20N 5
p1="5 =20N/cm
Then:

F, = 20 x 100 = 2000 N

Notice that is possible not only to transmit a force but also to increase it. In practice,
this principle is used in hydraulic presses, control devices, brakes, etc.

3.2. Answer:
760 mmHg ___ 1.033 kgf/cm?
340 mmHg __ xkgf/cm?
_340x1.033 0.461 k 5

x = 60 = 0. gf/cm
760 mmHg ___ 14.7 psi
340mmHg __ ypsi
_340><14.7_66 )

y = 760 = 6.6 psi

To determinate the absolute pressure, it is enough to remember that: p,ps = per +

Patm-
760 mmHg ___ 101230 Pa
340mmHg ___ zPa
340 x 101230
z = 760 = 45287 Pa = 45.3 kPa

Then, pyps = 45.3 4+ 101.2 = 146.5 kPa (abs).

15t Edition Hydraulics - Page 47 Professor: Sérgio Lousada




University of Madeira

o Faculty of Exact Sciences and Engineering
I Curricular Unit: Hydraulics
UNIVERSIDADE da MADEIRA Course: Bachelor/1%* Cycle of Bologna - Civil Engineering

760mmHg __ 1atm
340mmHg _——_ wuatm

340 x 1 0.447

u= = U atm
760

Then, paps = 0.447 + 1 = 1.447 atm (abs).
3.3. Answer:

The absolut pressure is:p = po + pgh = (1.01 x 10°) + 1000 X 9.8 X 12.0
=2.19 X 10° Pa = 2.16 atm

The manometric pressure is: p — po = (2.19 — 1.01) x 10°> Pa = 1.18 x 10> Pa
= 1.16 atm

When a tank has a manometer, it is normally calibrated to measure manometric
pressure and not absolute pressure. The pressure variation in the atmosphere within
a few meters high can be ignored.

3.4. Answer:

a) Determination of p,

Using the manometric equation, having in mind that y of gases is small, so, it can be
ignored the effect of the column of air when compared with other effects, and by
working with an effective scale p,:., = 0, then:

Pm + Yoho + Yu,0hH,0 — Yh,0L sin30° =0

L sin 30° is the difference of the column of water in the right section, because of the
theorem of Stevin, which says that the pressure is independent from distances and
only depends on the heights or elevations.

Then:

Pm = VHZO(L sin 30° — tho) — Yoho

pm = 10000(0.6 X 0.5 — 0.2) — 8000 x 0.1

pu = 200 N/m?

b) By the definition of pressure

Frop = puA = 200 x 10 = 2000 N
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3.5. Answer:

Pressure in Walls

Pressure in the Bottom

/

Figure 37 — Distribution of pressures (origin: Author).

_ (8500 % 0.6) X 0.6

F, > X 4.5
[(8500 x 0.6 + 10000 x 0.6) + (8500 X 0.6)] x 0.6
+ X 4.5
2
F, = 6885 + 21870 = 28755 N
(8500 x 0.6) x 0.6
, [(8500 X 0.6 +10000 X 0.6) + (8500 X 0.6)] X 06
) .

Fgz = 1836 + 5832 = 7668 N

Fpottom = (8500 %X 0.6 X 1.2 X 4.5) + (10000 X 0.6 X 1.2 X 4.5)
Fportom = 27540 + 32400 = 59940 N

3.6. Answer:

For a cylinder totally immerse:

=G =v¥y0Viorq = 10300 X (r X 0.152 x 0.3) =~ 218 N
=G =%YypooaViotas = 7500 X (7 X 0.152 x 0.3) ~ 159 N

Submerged height? — Considering forces in equilibrium and only the immersed section
of the cylinder, then:
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I =G = Yu20Vimmr = YwooaVtotat =

Ywood 2 Ywood 2
= Vimmr = Viotat = T X T° X Rjpymy = X T XTX hiorar =
water water
TX1?Xh
_ Ywood total _ Ywood
- himmr - X 2 - himmr - htotal -
Ywater TXT water
7500
himmr = M X 0.3 =0.218m
1 Edition
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CHAPTER 4 — Theorem of Bernoulli and applications

4.1. Answer:
1, (45 X 103)2
A 5PV v
p=2Po20t v, _\6OX60) o eioca78m
pg P9 29 2x10
4.2. Answer:

Adopting the index (0) for the input of Pitot tube:

D1 [ Po N Vo

H, =H,-> z; + z
! 0 ! Ym0 29 Ym0 29

As z, = z, , then:

2 2
Pir V1 _ Do Vo

YH,0 ZH_VHZO 29

At the input of the Pitot tube the velocity (v,) is null and the piezometric height (py /¥4, 0)
is 3.8 m, then:

v? v?
L 38400 Lt-38-P L2 [(3.8— P1 >><Zg
Yu,0 29 2g YH,0 YH,0

S, = \/[(3.8 _ 10’;100) x 20]

Attending to the difference of the manometer p; > p,. By the manometric equation:

—_

P1+hXVo —hAXVm =p2 201 =P2+h XV —h Xy,
> py =3+ h X (Y — ¥i,0) = 20000 + 0.2 X (60000 — 10000) = 30000 N /m?

Then:

- [(3 8 30000) x 20] = 4
V1= © 770000 =4m/s

Therefore:

Q=v-A=4x10"2m3/s=40L/s
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4.3. Answer:
a)
v? v3
H1=H3—>Z1+&+—1=Z3 Ps Vs
Y 29 Y 29
As v; = vg, then:
D1 D3 52000 Ps  P3 52000
+t—=z;+—-> 10+ =17+—>—=10+———-17=-1.8
Aty TaT,” 10000 vy Y 10000 m
ps | V3 v3
H; = H; = 16m=z3+7+5—> 16 = 17—1.8+2X10—>v3 =4m/s

0.12
Q¢ =y-v-A=10000><4><<7TT>5314N/5

b)

By the manometric equation:

P1+hy Xy —hy Xyyg—(23—2)) Xy =p3 >

— 52000 + h; X 10000 — h; X 136000 — (17 — 10) x 10000 = —1.8 x 10000 —
- hy X 126000 = 52000 — 70000 + 18000 — h; X 126000 =0—->h; =0m

c)

Starting from :

2
b2 V3
H1=H2=16mzzz+7+g

By the manometric equation, determine p,/y:
PrthxXy—hXyyg— (2, —2z) Xy =p; =

— 52000 + 0.55 x 10000 — 0.55 x 136000 — (z, — 10) X 10000 = p, —

- p, = 52000 + 5500 — 74800 — 10000z, + 100000 = 82700 — 10000z, —

D2
ﬁ—

v = 8.27_Z2
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By Bernoulli’s Theo.:

H1=H2=16m=Z2+&+v_22_>16=ZZ+8.27_22+ vz -
y 2g 2x10

- v7 = (16 — 8.27) X 20 » v, = V154.6 m/s
Notice that Q; = Q,, then:

4><< 0'12> 1546><< DZZ) D 4x 017 0.057 5.7
mT— | = . mT— | — = — = (. m=5o0./cm
4 4 >~ |Vi54.6

4.4. Answer:

a)

The pump total height of elevation is the gains of charge at the pump necessary to
transport the pretended flow rate to the pretended charge. The unitary charge loss is
constant because along the pipe, the diameter, type of pipe and flow rate are also
constant.

Applying the Theorem of Bernoulli between two reservoirs, it is obtained:
Hpm — Hgj = JapLap — He + JpcLac, With Jag = Jpc

Hy = Hpj — Hpmm + JapLag + JpcLac

H; =120 —95+ 0.008 x 105 + 0.008 x 1000 = 33.84 m.c.a.

The pump total height of elevation is 33.84 m.c.a..

b)

The daily energy consumption in function of the power of the motor:

_ YQH;

P
" NpNm
The flow rate defined by the elevated daily volume and the interval of elevation:

Vom0 o
Q=T =Toxe0xe0  202m/s

Then:
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b 9800 x 0.02 x 33.84
m 0.85

m
= 7803 N ST 7803 W = 7.803 kW

The daily energy consumption is:

E = P,t =7.803 x 10 = 78.03 kWh

c)

The determination of the charge at upstream section of curve D and the average
velocity at that section allows, by the definition of charge, to determine pressure at the

section axis. The topographical elevation is given in the problem.

The application of the theorem of Bernoulli between the upstream reservoir and the
section at upstream of curve D:

HRm - HD =]ADLAD - HD - HRm _]ADLAD - 95 - 0008 X 5 = 94‘96 m.c.a.

The average velocity in the pipe is:

y_Q__002
=4~ wxo1sz = L13m/s
—z

The coefficient of pressure distribution is equal to g =1 for straight and parallels
current lines. The coefficient of Coriolis at a turbulence regime has a value of a = 1.15.

The application of the concept of charge allows to obtain:

H =2z +pP2+ Ut 94.96 = 100 + 122 4 1.15 1137
= — —— . = — . -
p=Zptp tag ” 2x98

- p7D =94.96 — 100 — 0.08 = —5.12m.c.a » pp = —5.12 X 9800 = —50176 N /m?

The pressure at upstream section of the curve is negative and equal to 50176 N/m?.
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CHAPTER 5 — Theorem of amount of movement and applications
5.1. Answer:
Having :

K, = anp(ul — U, cos 0)
Fsy = anp(O —U sin 92)

Supposing that in modulus or magnitudes u; = u, = u, it is obtained:

F;, = pAju(u — u cos 60°) = pA;u®(1 — cos 60°)
F;, = pAju(0 — usin 60°) = —pA;u® sin 60°

u=v—v,=15-9=6m/s

nD? g x 52

_ J —4 -3 ..,2
= = X ~ 1.96 x
Aj 2 2 10 1.96 x10™° m
y 8000
=~ =—— =800 kg/m®
P=5=10 g/m
Then:

F, = —800 x 1.96 X 1073 X 62 x 0.866 ~ —49 N

y =

{st =800 X 1.96 X 1073 x 62(1 — 0.5) ~ 28.2 N

Therefore:

F, = /28.22 + (—49)2 = 56.5 N
5.2. Answer:
ﬁs = —[p1 A1y + P A1, + Qp (U, — U1)]

st,support = —[p14:(=1) + Qi (v; — V)] = st,suppon = p14; + Qn(vy — v3)

With:
(3) =) =20
= e = X |— =
Vy =1; D, c m/s
D? m x 0.12 s
Q= Vi = 5% —  ~ 0.0393m>/s = Q,, = pQ = 1000 x 0.0393 =39.3 kg/s
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Then:

X 0.1%
=150 x 103 XT+39.3X (5—20) ~ 1178 —589 =589 N

Sx,support

The necessary force to maintain the plate in rest:

m X 0.052
|F| = stlpmte = pv%Az = 1000 x 20?% x — =~ 785 N
5.3. Answer:
2 2
) 7
1—HT:5—> T=4 TS0

~ 7.52m/s

1000 x T X 0.152

4F, | 4x1000
pmD?2

5 27TD2
E, = pv3A, = pv; 3 V2T

H, = 30 75" 27.2
T 20~ hem

m X 0.152
Q =752x — 0.133m3/s

Ny =yQHr = (10* x 0.133 x 27.2 x 0.7) x 1073 = 25.3 kW
5.4. Answer:

Notice the section AA corresponding to a jet diverter with an exit angle of 6.
Considering only half of the blade the solution is:

% = Qr;ap (ty — )V ﬁs = Qmap(ﬁ1 — )

Projecting in the direction of x:

Fy, = Qungy (s — 1z €05 0)

Suppose u; = u, = u = v; — v, where vy = wR, it is obtained:

F, = Qmap(vj —v,)(1 —cos @)

In case of a turbine, it has a great number of blades and a relatively high angular
velocity w . This makes it possible to admit that at any moment there is a blade in the

section shown in figure. Because of that, it is possible to admit that the jet flow rate is
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used in the transmission of power, in a form which it is possible to replace the apparent
flow rate by the real flow rate.

— = x

Figure 38 — Blade of a turbine (Brunetti, 2008).

Then, the equation of the turbine is:

Fy, = Qm(v —v)(1 —cos ) V F; = pA;jv;(v; — v5)(1 — cos 6)
The power is given by N = F; v, then:

N = pA;jv;(v; — v5) (1 — cos ) v

The efficiency of the power transmission from the jet to the turbine is obtained by
comparing the power of the turbine with the power of the jet, that is given by:

pA;v}

i = T2

Then, the efficiency is:

N pAjvj(v; — vs)(1 — cos B) v, v 2(vj — v5)(1 — cos O) v
—_—= 7’] =

N P4, vj3 v

J
2

The maximum efficiency in function of the velocity v; can be obtained by deriving 7 in
relation of v, and equating to 0:

(vj—ZvS)zOVvszg

dn _ 2(1—cos®)
dv, v}

Replacing the result in the expression of efficiency:

v; v;
Z(vj—%)(l—cose)ij 1—cosf
Nmax = 2 = 2

Yj

It is observed that the ideal exit angle 8 would be 180°, but it is not possible because
the jet would return over itself, acting in the next blade. In practice, the adopted angle
0 is lower than 180°.
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5.5. Answer:
Reduction, Fy_ :
xr

Determination of v, and p, based in the Theo. of Bernoulli, necessary to the resolution:

2 2
vy P1 VUV P2
H,=H — 4 —=—"4—=
N P A TR

nD? D3 D;\? 30\°
(21 2 =1, 2 —>v2=v1(D—2) =v1(1—5> =4v, D v, =4X3=12m/s
vi —v3 p 1000
P2 =p1tvy 29 =p;, + E(vlz —v%) - p, = 84000 + T(BZ — 12%) = 16500 Pa

ﬁ's = —[p1417; + p A1, + Qp (U, — V)]

F, . = —=[p1A1(=1) + pA;(+1) + Q(v; — v1)] = p1A1 — P24z + Qv — v3)

Where:

mD? m X 0.32
Qm = pvsz 1000 x 3 XT ~ 212 kg/s
Then:

% 0.32 %X 0.152
st,r = 84000 X T — 16500 x T +212x (3—12) =3738N

Turbine, F_:

Determination of p; based in the Theo. of Bernoulli, necessary to the resolution:

D2 P3
HZ_HT=H3_)7_HT=7_>p3=p2_VHT

Where:
N
N =yQHr - Hr = )/_Q

0, 212
—m_ 22 0212 m?
C==T000 m’/s

Y = pg = 1000 x 10 = 10000 N /m3
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2.9 x 103

~ 1.37m

H. =

T'710000 x 0.212
Resulting in:
psz = 16500 — 10000 x 1.37 = 2800 Pa

F;, . , became:

ﬁ's = —[p,A;7; + p3Astiz + Qp (V3 — V,)]

FSx,T = _[pZAZ(_l) + p3A3(+1) + 0] = p2A2 —_ p3A3

T X 0.152
For = (2 = P3)A = (16500 — 2800) X ———— = 242 N
5.6. Answer:

As there are two entrances and one exit, it must be applied the equation:

E = _ZpiAiﬁi'l'ZQma_ZQma
e N

By the hypothesis referred to pressures, then:
ﬁs = lef}l + szﬁz - Qm3{}3

Projecting in terms of x:

F;, = Qm,v1 c0s 60° + @y, v, COS 60° — @y, V3
By the symmetry of the system:

Qm, = Qm, ANV; =1,

Then:

Fs

X

= 2Qm, V1 c0s 60° — Qp, V3
But, by the equation of Continuity:

Qm3 v3
= N
2 MV1T

Qm,
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Then:
Qm. v
— ms 73 o
E =2 — €05 60° — @y, V3

2 2
Therefore, as cos 60° = 1/2:

3
F;x = _ZQm3v3

But:
Qm, = pQ3 = 1000 x 50 X 1073 =50kg/s
And:

4Q;  4x50x107
- mwD?  mx0.052

V3 ~ 2546 m/s

Then:

3
F = —ZSO X 25.46 = —954.75 N

X

The negative sign indicates that the propulsion force has an opposite direction of the
adopted x axis.
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CHAPTER 6 — Flows through orifices and dischargers or spillways

6.1. Answer:
Pr,, _VE
y Tt 2g

2
1%
Tl =V2x10x3 ~ 7.75m/s

29 v
v 775 .61
V= o= g~ 8elm/s
p_ 8617 5~ —1.29 1.29 x 10* = —12.9 kP
— = —-5=-1. -p,=-1 = —12.
Y 2x10 m=b 4

Q =C,C.vA, =0.9x0.6x861x50x10"*=0.0232m3/s =23.2L/s
6.2. Answer:

Upper Reservoir:

H0:H1
o, _Vh
y % 2g
Then:

[N

Po 0.1 x 106
Ve, = Zg (7+ZO> = |20 1—04+ 15 ) = 22.36 m/s

nDZ, 7 X 0.092

Qc, = vy = 22.367' ~ 0.1422 m3/s

Qy, = C4,Qr, = 0.6 X 0.1422 ~ 0.0853 m3/s = Q,,

D2 4Q,
Qr, = Cq, vy, TZ - Cy, = FD}ZA Ve, =+/292; =V20 X 9 = 13.42m/s
4% 0.0853
Ca = 0.81

2~ 1342 X7 X 0.12
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6.3. Answer:

P1, Vi Do

1
— 4+ =—="2=38m
Y 29 v

p1+yx02—-y,%X02=p,

p1 = 20000 + 0.2 x (6 x 10* — 10*) = 30000 Pa

vy = 2g(%—%)=\/20x(3.8—3)=4m/s

Q=1A=4x10"2m3/s=40L/s
6.4. Answer:
E=G

YHZOVimmr - ywoochube

Ywood
YHZOAbasehimmr = YwoodAbasen = Aimmr = h =

YH,0
V=4%x4%x08=128m3

17_12.8_064 3
T =50 =0 m°/s

Q = C4A,v: Avy = /2gh =V20 X 6.05 = 11m/s

C, = o __ 064 0.582
17 A, 01x11
- Cq 0582 _ 0.97
voc. 06

6.5. Answer:

N A AV B P
U =X S = ATX o ¥ oem/s

vy = /2gh =V20 X5 =10 m/s
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v 96 0.96
Py 100
7 X 0.0752
Q=1 A, =10 x —
Q, 28x1073
Cj=—L=———=0.634
170, 0.0442
_Cy  0.634 0.6
¢, 096
6.6. Answer:

2 ybh®

M—‘szh— hhbx h
TPAXZIATYS 3 2

v
V=2x2x21=84m>>Q=1=

University of Madeira
Faculty of Exact Sciences and Engineering
Curricular Unit: Hydraulics

~ 0.0442 m3/s

5x 60

3[3M _ 3]3x6x10* -
yvb ~ | 104x2

=0.028 m3/s

Course: Bachelor/1%* Cycle of Bologna - Civil Engineering

A m

vy =/2gh =V20x 1.8 =6m/s - Q, = v, A, = 6 X 0.01 = 0.06 m3/s

;o _Q_o008
170, 006
1st Edition
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CHAPTER 7 — Dimensional Analysis
7.1. Answer:

The kinematic viscosity is given by:

u
V=—
p

By definition:
_m
P=y

In FLT base, the mass is a derivate magnitude and it must be related to fundamental
magnitudes. The equation that allows such ratio is the law of Newton:

F
F=mavm=—
a

A force is a fundamental magnitude, then:
[F]=F

From kinematics, it is known that acceleration is the ratio between the distance and
the time squared. Then:

L -2
[a] = ﬁ= LT

By Geometry, it is known that the volume is the cubic distance or length:

V] =1
Then:

F F a2
[p] = T [p] = FL™*T

The dynamic viscosity u can be obtained with:

B dv T
TR @
dy

But T = F;/A and therefore:
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[t] = F/L?V [t] = FL™2
The gradient of velocity is:

dv _LT‘l_
dyl L

T—l

Therefore:

_FL?

VUl = FLT

[u]

Thus:

FL2T

— — Eoy2p-1
—FL_4T2—FLT

[v]
7.2. Answer:
Q=f(D,pp)
f(@Q,D,p,p)=0-f(m) =0

As exists only one dimensionless parameter, it is constant.

[Q] = L°T~!

[D] =L m=n—-r=4-—-3=1
[p] = FL™*T? Base:p,p,D

[p] = FL™

T = palpa'zDa3Q — (FL—4T2)0_’1(FL—Z)azLa’gLST—l

T = Fa1+a2L—4a1—2a2+a3+3T2a1—1

a,t+a, =0 a, =-—1/2
—4a, —2a, + a3+ 3 =0}a3 =-2
2“1_1:0 0(121/2
1
1 1 2
T = pip_fD_zQ = Qp T
D?p2

chz)zfg
p
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7.3. Answer:
f(v,g,h) =0

T = galh(xzv S>T= LalT—ZalLazLT—l ST = La1+a2+1T—2a1—1
aq +a2 + 1= 0}(12 = _1/2

1 1
m=g 2h 2v->v=m/gh

bh a b a than(%)xh
Q=vA—>A=7—>tan§=ﬁ—>b=2htan§—>A= >

= h? tan (%)

a 15
— 2 — 5ho
Q= nJghxh tan(z)—CQZhZ
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CHAPTER 8 — Similarity

8.1. Answer:
Base:p,v,L
T[l =Eu=L_>kF=k kaE
pUZLZ prv
pvLl VL
Ty =R€=T=7—>kv=kvkL
k= %0, = 10_6—01-k =2 02k =
P12 77T 105 Y T30 T Tk,
. l=15%x2=3m
P
late with {, 1
1000 E E
=——x022x052~833="L0F =——=
T2 F, P~ 833
8.2. Answer:
v,9,L,v > Base:v, L
172
Fr=— ki =kyk,
Dimensionless parameters L
v
kRe =— >k, =k,k,

kyk,

’1
=x1=0.707
2

Faculty of Exact Sciences and Engineering
Curricular Unit: Hydraulics
Course: Bachelor/1%* Cycle of Bologna - Civil Engineering

0.1 0.5 Lm L, = 2L
= —_— = . = —_— —

0.2 L, p m
—=~18N
8.33 8

1 %
k, =0.707 x ok 0.353 - —= = 0.353 = v, = 3.53 x 1077 (water at 90°C)

Vp
8.3. Answer:
Q Q
¢ = = ~ 5.080
nD3 ~ 3500 R
H 9.8H,
p=STF L ~ 0.128Hp
nD 3500 5
\ (%60-) x015
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For a prototype:

n,. 3500
ny, =7=T= 1750rpm/\Dp =2D, =2%x0.15=03m
( , 1750 .

(@ = ¢npD3 = ¢ x —=x 03 = 0.7875¢

| 2

=782 () xo3

\Hs, = —yx L — 7.8125W

With those expressions it is possible to build the following table and the pump’s curves.

Table 2 — Characteristic, universal and similarity pump’s curves (source: Author).

Q (m3/s) 0 5x10° 10x10° 15x10° 20x103

Hg (m) 25 24 23 20 14

¢ () 0 0.0254 0.0508 0.0762 0.1016

¥ (-) 3.2 3.07 2.94 2.56 1.79

Q, (m3/s) 0 20x103 40x10° 60x10° 80x103

Hg, (m) 25 24 23 20 14
3.50
3.00
2.50
2.00
> 1.50
1.00
0.50
0.00

0.00 0.02 0.04 0.06 0.08 0.10 0.12

®

Figure 39 — Answer to a) (source: Author).

30.00
25.00
20.00

—~

E 15.00

T 10.00
5.00

0.00
0.00 0.02 0.04 0.06 0.08 0.10

Q (m3/s)

Figure 40 — Answer to b) (source: Author).
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CHAPTER 9 — Flows under pressure

9.1. Answer:
Ah =?
HO + HB = H7 + HP0,7

Zl_Z():Ah:HB_H

N

N=)/QHB—>HB=—=

yQ

H

Po,7

0.75 x 103
=25m

= (5 23
Po,7_fDH Szg

40 4x3x107°

VD2 T 7 x0.032

H

104 x 3 x 1073

~ 4.24m/s

4.242
~11.7m—->Ah=25-11.7=133m

Po7 0.03 *

k =?

c = T 1075
f =002

{ vD 4.24 X 0.03

_ 0.08 =1.5x 1075
2000 m

ho =?

H0=H2 +Hp0’2_)ZO=h0=

12
= (0.02 X 5)

~ 1.27 x 10°

20

Dy
— Moody — Rouse:7 = 2000 - k =

29 7/ Dy2g g

4242

2
=(1+0.02><—+1)>< =3m

0.03
9.2. Answer:
a)
L 2 2
eQZv_: ks v__)
D 2g 229

f

20

ks,D 9 x 0.04

f=

= 0.02
L 18

eqr
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b)
2
Lot v _ ngHpu

Hpo = 5g = beot == 52

H

P14

_4Q  4x38x107°
D2 x 0.042

v ~3m/s

20 X 0.04 x 18
Lot = =357 %3z = 80m

L1,4=Ltot_Leq_Leq3=80_18_2=60m

c)

hg =fﬂv—2= 0.02xix3—2= 0.45m
3 D 2g 0.04 20

9.3. Answer:

a)

172

Ezl.Bm—nszZOxl. =6m/s

mD? m % 0.12 3
Q=vT=6XTzO.O471m/s=47.1L/s
b)

Hpo,l == h51 + hSZ + hf

hs, = 0.2m — of the line of energy
2

hs, = ks, 32 =2X18=3.6m

hr = va—001><50><18—9

=Sy = 001 Xgyx18=9m

Hy,, =02+36+9=128m
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c)
2
Po Vi
7 = E + Hp0,1
Po
x=—=18+128=14.6m
Y
d)
2
Po 21
7_HT =E+Hpo‘1 _h’Sz
Po Vi
Hr=——-——H, +h,=146—-18-128+36=36m
Y 29 '
Ny = yQHrny = 10* X 0.0471 X 3.6 X 0.9 X 000 = 1.5 kW
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CHAPTER 10 — Permanent flow in pipes, conditioned by hydraulic
machines

10.1. Answer:
a)

v: Do 0.25 x 10°
H0:E+7+Z0:0+1—04+10:35m
_Q _20x10%
V1= = Tox 108 20M/S
H_v12+p1+ _202_|_0.2><106_I_5_45
129 Yy TR T 0 10% —hem

H, > Hy = Flow from (5) to (0)

H5+HM2+HM1=HO+Hp5_0_)Ij/_5+Z5+HM2+HM1=%+ZO+H})5_O_>
0.25 x 10° 0.4 x 10°
—>HM1=T+10+15—T—5—30=—25771
HT:25m
1
NT=yQHTr)T=1O4x20x10_3x25x0.8xm=4kW
b)
2 2
L7 ) V1 P
E+7+22+HM1=E+7+21
0.2 x 10°
p_ZZ&_HM a&:——(—ZS):%mca
Yy v vy 10*
c)
H5 + HM2 = HZ +Hp5'2
2 6 2
Ds vy p, 04x10 20
H =—+4+H, ————=———+4+30————-45=5
I Y I Ty m
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10.2. Answer:
a)
16 x 1073 8 m/s A 16 x 1073 2m)
Vo =—7/T/—"—""—F———FF—=om/SN\NVy3 =——F———F=.m/s
27 2x1073 37 8x1073

g VR pa_ 8 200x10°
2799y T207 7 100 e

g Vi ps_ 2% 400x10°
3729y T207 7 100 e

H; > H, — orientation from (4) to (1)
b)

Hy,,=Hs—H, =402—-232=17m
c)

H,+Hy =H; + HP2,1

s _0.1x10°

Poa = 10t 23.2+1=—-12.2m (turbine)

Ny = yQHr = (10* x 16 X 1073 x 12.2) x 1073 = 1.95 kW
d)

%+Z4:H3+Hp

43
pa =y(Hs + Hy,, — 2,) = 10%(40.2 + 1 — 5) X 107 = 0.362 MPa
10.3. Answer:

YQoHo +vQoHp = yQ1Hy +yQ2H; +¥QoHy,, + ¥Q1Hy,, +vQ2Hp,,

Q2 =20, 5 _
{Qo =Q1+0Q; Qo =3C

y3Q:1Hy +y30Q,Hp = yQ:H, +v2Q:H; + )’3Q1Hp0_e + VQ1HpS,1 + VZQalS_Z

3Ho + 3Hg = Hy + 2H, + 3H, , + Hy , + 2H,,
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(Hy=10
HB = 8
2
Hy=7+--
! 2
=542
’ 29 i vi | v i L
{ 2 —23X8=74+—=+10+2-—+-—+5-—+3-=
_1lve 29 29 29 "29 T2g
Do,e 3 Zg
2
v
Ds,1 = 5_1
H =152
\ Ds,2 ' zg
v2 v:  v?
7=6——+5-—2>+-—
29 2g 2g
Ve =3V 140 = 602 + 2002 + 902 — 3507 = 140 - v, = 2 /s> v, =6
v, = 20, = oV 1 1 1= 1=2m/s > v, =6m/s
D2 m x 0.1382
Q. =1, =6X——— =~ 0.0897 m3/s
4 4
vQ.Hzy 10*x0.0897x8 1
B Np 0.48 1000
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CHAPTER 11 - Flows with Free Surface

11.1. Answer:
a)
2
10 + 10 + 2x 3 1
Q KSR3iZ - 25 = 80 x (1O+ 1O+2x> X h X (f) < X (0'2)2
= L - = _— —_—
2 10 + 2vVx2 + h2 100

x 1 h
—_—_——_—— — —
ho3 T3

2

3

h |[(10 + %) X h ]| 1
80x(10+§)xhx| — | %X (0.002)2—25=0—->h=0.837m
[10 + 2 ?hzj
b)
) | Q
N T Q A
4////////// ‘ Q\\\\\\\\\
HII [T HI
Figure 41 — Splitting of the channel (source: Author).

Q =0, +20,

1
Q1 = 80 x0.0022 x

0.837 0.837
<(10 + ) X 0.837) + <(10 F2x— ) x 2)]
2
( 3
<(10 + 0'8337) X 0.837) + <(10 +2x 0'%37) X 2)]

.
L 10 4 2 /%0 837Zl
2/3

2
5+5)+5
1 (5+%)+5 %xz
Q, = 40 x 0.0022 X sz X - ~ 25m3/s

K5+ (2) +22)

Q =197 +2 % 25 =247m3/s
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11.2. Answer:
» S
b

A

1
X Eyc 1

2m \

AT T I X

Figure 42 — Support sketch (source: Author).

b+ 2 24+2x+2
S ( 2 X ) thb =242 S ( ) Xx) 2x + x2
— — - - = =
b p 7y 2+ 2x 2+ 2x
Then
15 2 4 22 X 2x + x? 2+ 22 X 2x +x2 15 0 140
_— - —_ = - = = 1.
Ji0 T 2+2x X 2+2x V10 xX=Ye m
b)

U=CXVRXIi—>Q=8SXCXVRXI

S_2x+x2

=—= A
X 2+42h

87 2x + x?

_ 8IWR 2+2h
Cp +VR 2x + x?
016 + T3 2R

h2=x2+x2 > h=+2x2=xV2

Then:
/ 2x + x2 \
87
( 2 ’2 +2xV/2 | 2x + x
2x + x°) X X
2+ 222

x0.003—15=0—>x=yn51.30m

I
2x + x?
0.16 +
k /2 ZX\/_/

Xx=2+2xV2=2+2x130xV2=568m
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11.3. Answer:
-_q_h"--______ Rebound
Ym —— l
/ | —

. N / Yi
" Jy 4 m

Figure 43 — Sketch of a spillway and a receptor channel (source: Author).

a)

20% x 4

1 h
In _ (VT BFr —1) A Fr= o =

y; 2 95* 98x(4xy,)’

Then:

12 1 207 x 4 1 20° x 4
= |1+8 s-1]-5( [1+8 5-1)y—12=0-
Y, 2 9.8 x (4xy,) 2 9.8 x (4 x ;)
- y; = 1547 m

b)

AE = Ey, — Ej

By =y + = =12+ 20 2.086

mEYm T 9gsz T AT x98x (12 x 42

Emyt L 15474 20 2.08

1=V T gz T 2x9.8x (1.547 x4)2

Then:

AE = 2.086 — 2.08 = 0.006 m

c)

(0, Q220 L,

4 m=5 T axiz PlIm/s
g =220 303
L’ S 4x1547
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