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1.. Differential manometers are used to measure the difference of pressures
between two points in a pipe or in two different pipes. There are two types of
differential manometers.

1.  U-tube upright differential manometer

2. U-tube inverted differential manometer
2.. Total Pressure and Centre of Pressure
The total pressure is defined as the force exerted by a static fluid on a
surface (either plane or curved) when the fluid comes in contact with the
surface. This force is always normal to the surface. The centre of pressure
iIs defined as the point of application of the resultant pressure on the
surface.

3.
Types of fluid flow:

Steady and Unsteady flows: ...

Uniform and Non-uniform fluid flow: ...

Laminar, and Turbulent fluid flow: ...

Compressible and Incompressible fluid flow: ...

Rotational and irrotational Fluid flow: ...

One, Two and Three-dimensional fluid Flow:

4..L aminar flow or streamline flow in pipes (or tubes) occurs when a fluid flows
in parallel layers, with no disruption between the layers. At low velocities, the
fluid tends to flow without lateral mixing, and adjacent layers slide past one
another like playing cards. There are no cross-currents perpendicular to the
direction of flow, nor eddies or swirls of fluids. In laminar flow, the motion of the
particles of the fluid is very orderly with all particles moving in straight lines
parallel to the pipe walls. Any lateral mixing (mixing at right angles to the flow
direction) occurs by the action of diffusion between layers of the liquid. Diffusion
mixing can be slow however if the diameter of the pipe of tube is small then this
diffusive mixing can be very significant.

Turbulent flow is a flow regime characterized by chaotic property changes. This
includes rapid variation of pressure and flow velocity in space and time. In
contrast to laminar flow the fluid no longer travels in layers and mixing across the



tube is highly efficient. Flows at Reynolds numbers larger than 4000 are typically
(but not necessarily) turbulent, while those at low Reynolds numbers below 2300
usually remain laminar. Flow in the range of Reynolds numbers 2300 to 4000 and
known as transition.

5.. Discharge (also called flow rate)

The amount of fluid passing a section of a stream in unit time is called the
discharge. If v is the mean velocity and A is the cross sectional area, the
discharge Q is defined by Q = Av which is known as volume flow rate.
Discharge is also expressed as mass flow rate and weight flow rate.

6. Continuity equation states that the rate at which mass enters a system
is equal to the rate at which mass leaves the system.

volume flow out over A, = A,V 4t

Therefore
mass inover A = pA; Vi Af
mass owlover A = pA VAl

Sta; pAY, = pAyl,

7.

7. What is flow rate?

Flow rate is an indication of how fast a substance move through a conduit
from one place to another.

Flow rate can also be used to determine the distance a substance moves
over a period of time.

Flow rate is usually expressed as Volume Flow rate and Mass Flow rate.

8. Hydraulic Coefficients include Coefficient of contraction, Coefficient of
velocity, Coefficient of discharge and Coefficient of resistance. The
following are the hydraulic coefficients:

1. Coefficient of contraction (Cc). It is defined as the ratio of area of jet at
*vena contracta (ac) to the area of orifice (a).

The point at which the streamlines first become parallel is called vena



contracta. The cross-sectional area of the jet at vena contrata is less than
that of the orifice. The theoretical velocity of jet at vena contracta is given

by

This expression is called Torricelli's theorem.

2. Coefficient of velocity (Cv). It is defined as the ratio of the actual
velocity of the jet at vena contracta (v) to the theoretical velocity.

3. Coefficient of discharge (Cd). It is defined as the ratio of the actual
discharge through the orifice (Q) to the theoretical discharge (Qth). The
coefficient of discharge is equal to the product of Cc and Cv.

4. Coefficient of resistance (Cr). It is defined as the ratio of loss of head
in the orifice to the head of water available at the exit of the
orifice.

9. The proportion of real speed of the stream, at vena-contract a, to the
hypothetical speed is known as the coefficient of speed.
Write the equation for coefficient of velocity.Cv

10. The discharge coefficient (also known as coefficient of

discharge or efflux coefficient) is the ratio of the actual discharge to the
theoretical discharge, i.e., the ratio of the mass flow rate at the discharge
end of the nozzle to that of an ideal nozzle which expands an

identical working fluid from the same initial conditions to the same exit
pressures.

11. A notch refers to a deliberately introduced v-shaped, u-shaped or
circular defect in a planar material. In structural components, a notch
causes a stress concentration which can result in the initiation and growth
of fatigue cracks. Notches are used in materials characterisation to
determine fracture mechanics related properties such as fracture
toughness and rates of fatigue crack growth.
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https://en.wikipedia.org/wiki/Fracture_mechanics
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https://en.wikipedia.org/wiki/Fracture_toughness

Notches are commonly used in material impact tests where a
morphological crack of a controlled origin is necessary to achieve
standardised characterisation of fracture resistance of the material.

12. A weir is a barrier across the width of a river that alters the flow
characteristics of water and usually results in a change in the height of the
river level. There are many designs of weir, but commonly water flows
freely over the top of the weir crest before cascading down to a lower level.

13.. A piezometer is either a device used to measure liquid pressure in a
system by measuring the height to which a column of the liquid rises
against gravity, or a device which measures the pressure (more precisely,
the piezometric head) of groundwater at a specific point. A piezometer is
designed to measure static pressures, and thus differs from a pitot tube by
not being pointed into the fluid flow.

14.. A triangular notch gives much more accurate results in low discharge
conditions, as compared to the conventional rectangular notch. Also, only
one reading (the head) is required to calculate the discharge rate, making
calculations much easier. However, it cannot handle

large volumes of flow rate accurately.
15..

1. . Simple manometer

A. Piezometer

B. U-tube manometer
2. Differential manometer

A. U-Tube differential manometer

B. Inverted U-Tube differential manometer
3. Micro manometer

LONG

1..Pascal’s Law Derivation

Consider an arbitrary right-angled prismatic triangle in the liquid of density
rho. Since the prismatic element is very small, every point is considered to
be at the same depth from the liquid surface. The effect of gravity is also
same at all these points.



https://en.wikipedia.org/wiki/Pressure
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Input Force F2 Output Force

F;

Az
F1 P1=/11 I P2=T1F1

Let ad, bd, and cd be the area of the faces ABFE, ABDC, and CDFE
respectively.

Let P1, P2, and P3 be the pressure on the faces ABFE, ABDC, and CDFE.

Pressure exerts force which is normal to the surface. Let P; exert force
F1 on the surface ABFE, P, exert force F2 on the surface ABDC, and
Ps exert force F3 on the surface CDFE.

Therefore, Force F1, F2, and Fs is given as:
F1=Pi1 x area of ABFE = P; ad
F, = P, x area of ABDC = P, bd
Fs = P3 x area of CDFE = P3 cd

Also, sinB=ba cosf=ca
The net force on the prism will be zero since the prism is in equilibrium.

FisinB=F;
F1cos 0 =F;

P1ad ba=P2bd (equ 1)
P1ad ca=Ps3cd(equ 2)
From 1 and 2

P1 =P and P1 = P3

~ P1= P>=Ps

2...Specific volume is defined as the number of cubic meters occupied by
onekilogram of matter. It is the ratio of a material's volume to its mass,
which is the proportional to density. Specific volume may be calculated or



https://www.thoughtco.com/definition-of-matter-and-examples-604565
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measured for any state of matter, but it is most often used in calculations
involving gases.

The standard unit for specific volume is cubic meters per kilogram (ms3/kg),
although it may be expressed in terms of milliliters per gram (mL/g) or
cubic feet per pound (ft3/1b).

Specific Volume Formulas

There are three common formulas used to calculate specific volume (v):
1. v =V / m where V is volume and m is mass
2. v=1/p = pt where p is density

3. v=RT / PM = RT / P where R is the ideal gas constant, T is
temperature, P is pressure, and M is the molarity

Specific Volume and Specific Gravity

If the specific volumes of two substances are known, this information may
be used to calculate and compare their densities. Comparing density

yields specific gravity values. One application of specific gravity is to predict
whether a substance will float or sink when placed on another substance.

Specific Gravity

Finally, the specific gravity is used to compare the density of a fluid to the
density of water. This is done by taking the ratio the density of the fluid in
relation to water. The resulting ratio will be unit less. However, even
though it is unit less, since density isn’t unit less you will need to make sure
you are using the same system of units for both fluid before finding the
specific gravity.

3...What is Surface Tension?

Surface tension is a phenomenon in which the surface of a liquid, where
the liquid is in contact with the gas, acts like a thin elastic sheet. The term
surface tension is used only when the liquid is in contact with a gas (ex:
when opened to the normal atmosphere). The term “interface tension” is
used for the layer between two liquid.
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Attractions between different chemical species cause the liquid molecules
to unite together. The liquid molecules in the surface of the liquid are
attracted by the molecules in the middle of the liquid. This is a type
of cohesion. But the attraction between liquid molecules and air molecules
(or the adhesive forces) are negligible. Therefore, this surface layer of
liguid molecules acts as an elastic membrane. The surface layer of liquid
molecules is under tension because there are no enough attraction forces
to balance the cohesive forces act on them, thus this condition is called
surface tension.

Surface tension is a phenomenon in which the surface of a liquid, where
the liquid is in contact with the gas, acts like a thin elastic sheet.

Surface tension is the force on the surface of a liquid exposed to air.

Surface tension is measured as the force applied to a certain length of the
liquid given by the unit N/m (Newton per meter).

What is Capillary Action?

Capillary action is the ability of a liquid to flow in narrow spaces without the
assistance of, or in opposition to, external forces like gravity. It can be
observed as liquid drawing through a capillary tube in the upward direction.

The capillary action occurs because of the intermolecular forces between
liguid molecules and the surface of the capillary tube. Therefore, it occurs
due to adhesion forces. When the diameter of the tube is sufficiently small,
the liquid rises through the tube due to both adhesive and cohesive forces.
The cohesive forces (attraction forces between similar molecules) cause
the molecules to be drawn upward.

When a capillary tube is placed in a liquid, a meniscus is formed at the
edge of the tube. Then, due to adhesion forces between liquid molecules
and the wall of the tube, the liquid is pulled up until the gravitational force
act on that amount of liquid is enough to overcome the adhesive force.
Then the liquid molecules are pulled up due to cohesion.


https://www.differencebetween.com/difference-between-adhesion-and-vs-cohesion/
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Capillary action is the ability of a liquid to flow in narrow spaces without the
assistance of, or even in opposition to, external forces like gravity.

Capillary action is the flow of a liquid against an external force without any
assistance.

Capillary action is measured as the height of liquid column that is drawn
upward, against the gravity given by the unit m (meter

4...

Vapor pressure (or vapour pressure in British English; see spelling
differences) or equilibrium vapor pressure is defined as

the pressure exerted by a vapor in thermodynamic equilibrium with

its condensed phases (solid or liquid) at a given temperature in a closed
system. The equilibrium vapor pressure is an indication of a

liquid's evaporation rate. It relates to the tendency of particles to escape
from the liquid (or a solid). A substance with a high vapor pressure at
normal temperatures is often referred to as volatile. The pressure exhibited
by vapor present above a liquid surface is known as vapor pressure. As the
temperature of a liquid increases, the kinetic energy of its molecules also
increases. As the kinetic energy of the molecules increases, the number of
molecules transitioning into a vapor also increases, thereby increasing the
vapor pressure.

The vapor pressure of any substance increases non-linearly with
temperature according to the Clausius—Clapeyron relation.

The atmospheric pressure boiling point of a liquid (also known as

the normal boiling point) is the temperature at which the vapor pressure
eqguals the ambient atmospheric pressure. With any incremental increase in
that temperature, the vapor pressure becomes sufficient to

overcome atmospheric pressure and lift the liquid to form vapor bubbles
inside the bulk of the substance. Bubble formation deeper in the liquid
requires a higher temperature due to the higher fluid pressure, because
fluid pressure increases above the atmospheric pressure as the depth
increases. More important at shallow depths is the higher temperature
required to start bubble formation. The surface tension of the bubble wall
leads to an overpressure in the very small, initial bubbles.
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The vapor pressure that a single component in a mixture contributes to the
total pressure in the system is called partial pressure. For example, air at
sea level, and saturated with water vapor at 20 °C, has partial pressures of
about 2.3 kPa of water, 78 kPa of nitrogen, 21 kPa of oxygen and 0.9 kPa
of argon, totaling 102.2 kPa, making the basis for standard atmospheric

pressure.
CAVITATION .....

Cavitation is a phenomenon in which rapid changes of pressure in a
liquid lead to the formation of small vapor-filled cavities in places where the
pressure is relatively low.

When subjected to higher pressure, these cavities, called "bubbles" or
"voids", collapse and can generate shock wave that is strong very close to
the bubble, but rapidly weakens as it propagates away from the bubble.

Cavitation is a significant cause of wear in some engineering contexts.
Collapsing voids that implode near to a metal surface cause cyclic

stress through repeated implosion. This results in surface fatigue of the
metal causing a type of wear also called "cavitation". The most common
examples of this kind of wear are to pump impellers, and bends where a
sudden change in the direction of liquid occurs. Cavitation is usually divided
into two classes of behavior: inertial (or transient) cavitation and non-inertial
cavitation.

The process in which a void or bubble in a liquid rapidly collapses,
producing a shock wave, is called inertial cavitation. Inertial cavitation
occurs in nature in the strikes of mantis shrimps and pistol shrimps, as well
as in the vascular tissues of plants. In man-made objects, it can occur

in control valves, pumps, propellers and impellers.

Non-inertial cavitation is the process in which a bubble in a fluid is forced to
oscillate in size or shape due to some form of energy input, such as

an acoustic field. Such cavitation is often employed in ultrasonic

cleaning baths and can also be observed in pumps, propellers, etc.

Since the shock waves formed by collapse of the voids are strong enough
to cause significant damage to parts, cavitation is typically an undesirable
phenomenon in machinery (although desirable if intentionally used, for
example, to sterilize contaminated surgical instruments, break down
pollutants in water purification systems, emulsify tissue for cataract surgery
or kidney stone lithotripsy, or homogenize fluids). It is very often specifically
avoided in the design of machines such as turbines or propellers, and
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eliminating cavitation is a major field in the study of fluid dynamics.
However, it is sometimes useful and does not cause damage when the
bubbles collapse away from machinery, such as in supercavitation.
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