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PREREQUISITE: Electron Devices and Circuits.
COURSE OBJECTIVES
The course will enable the students to:

1. Have an idea about the temperature standards, calibration, thermocouples;
signal conditioning used in RTD's and pyrometer techniques.
2. Learn about Tachometer, Load cells, Torque meter and various densitometers.

3. Have an adequate knowledge about pressure transducers.
4. Understand about various types of flow meters and their installation.
5. Have sound knowledge about various types of viscometers, humidity and moisture
measurements adopted in industrial environment

UNIT .1.

MEASUREMENT OF TEMPERATURE

(9 Hours)

Temperature scales, Bimetallic thermometer, filled- in Thermometers, Vapour pressure thermometers,
Resistance thermometers, Thermistor, Thermostat, Thermocouples - types and ranges, characteristics,
laws of thermocouples, cold junction compensation, IC temperature sensors AD 590, Pyrometers radiation and optical pyrometers.

UNIT .2.
MEASUREMENT OF PRESSURE
(9 Hours)
Manometers – different types of manometers, Elastic pressure transducers, Dead
weight Tester, Electrical types, Vacuum gauges - McLeod gauge, Knudsen gauge,
Thermocouple gauge, ionization gauge, Differential pressure transmitter - electrical &
pneumatic types.
UNIT .3.
MEASUREMENT OF FLOW, LEVEL
(9 Hours)
Orifice, Venturi, Pitot tube, flow nozzle rotameter, Positive displacement meter, turbine
flowmeter, electromagnetic flow meter, ultrasonic flow meter, open channel flow
measurement, solid flow measurement. Sight glass, float gauge, displacer, torque tube,
bubbler tube, diaphragm box, Differential Pressure methods, electrical methodsresistance type, capacitance type, ultrasonic level gauging.
UNIT .4.
MEASUREMENT OF SPEED,FORCE,TORQUE, ACCELERATION (9 Hours)
Measurement of speed- Revolution counter, Drag cup tachometer, AC and DC
tachogenerators, photo electric pickup. Measurement of force - Load cell, pneumatic
load cell, hydraulic load cell. Measurement of Torque using strain gauges and magneto
elastic principle, Measurement of acceleration - Elementary accelerometers, seismic
accelerometers, practical accelerometers, calibration.
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UNIT .5.
MEASUREMENT OF DENSITY, VISCOSITY, HUMIDITY (9 Hours)
Hydrometer – continuous weight measurement, liquid densitometer – float principle,
air pressure balanced method, using gamma rays – gas density measurements – gas
specific gravity measurements – Viscosity terms, saybolt viscometer, rotameter type
viscometer, and Industrial consistency meters. Humidity terms – dry & wet bulb
Psychrometer – hot wire electrode type hygrometer, electrolytic hygrometer, Dew point
hygrometer

COURSE OUTCOME
At the end of the course, the students should be able to:

CO1. Understand the various techniques used for the measurement of industrial
parameters.
CO2. Explain the design and working of various instruments.
CO3. Understand the installation techniques of various systems.
CO4. Understand the concept of various transducers used in industries.
CO5.Work with signal conditioning circuit of various measuring equipments
TEXT BOOKS:
1. D. Patranabis, “Principles of Industrial Instrumentation”, Tata McGraw Hill,
2ndEdition, New Delhi, Reprint2009.
2. S. K. Singh, “Industrial Instrumentation & Control” 3rd Edition, Tata McGraw
Hill, Reprint 2009.
3. K.Krishnaswamy & S.Vijayachitra, “Industrial Instrumentation” New age
International, Reprint 2008.
REFERENCE BOOKS:
[1] Ernest O. Doeblin, Dhanish. N. Manik, “Measurement Systems Application &
Design”, TMH, 5th Edition, 2004.
[2] R.K.Jain, “Mechanical & Industrial Measurements”, Khanna Publishers, 11th
Edition, 2004.
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UNIT 1

Measurement of Temperature
AIM:
To understand different types of Temperature measurement methods and its
advantage, disadvantages and applications.
PRE-REQUISITES:
 Sensors and Actuators.
PRE - MCQs:
1. Thermocouples consist of a pair of wires made of dissimilar metals joined
together at one or more junctions that generate a voltage when subjected to a
temperature gradient. This phenomenon is known as the _________
a) Seebeck effect
b) Piezolelectric effect
c) Photovoltaic
d) Photoconductor
2. _________ have been utilized in thermostats for years. They are mechanically
connected to a switch, such as a mercury switch, to control heaters.
a) Unimetal
b) Bimetallic
c) Trimetallic
d) Quadrametallic
3. Optical _________ is utilized to measure the temperature of objects. This relies on
blackbody radiation.
a) Spectroscopy
b) Pyrometry
c) Geometry
d) Reflection
4. The temperature of a heated metal filament depends on the gas pressure since
the gas molecules could conduct heat from the filament.
a) True
b) False
5. The most rugged temperature sensing element listed here is a
a) Thermocouple
b) Orifice plate
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c) RTD
d) Filled bulb
Temperature Scales:
There are four main scales commonly used in the world today to measure temperature:
the Fahrenheit (°F) scale, the Celsius (°C) scale, the Kelvin (K) scale and the Rankin
Scale. The Rankin (R) scale is the absolute scale of Fahrenheit and the Kelvin scale is the
absolute scale of Celsius.
Temperature
Scale
Water Boils at

Fahrenheit (°F)

Rankin (R)

Celsius (°C)

Kelvin (K)

212

672

100

373

Temperature Conversion Formulas
Fahrenheit to Celsius C = (F - 32) x 5/9
Fahrenheit to Kelvin K = [(F - 32) x 5 /9] + 273
Fahrenheit to Rankin R =F + 460
Celsius to Fahrenheit F = (C x 9 /5) + 32
Celsius to Kelvin K = C+ 273
Celsius to Rankin R =(C X 9/ 5) + 492
Classification of Thermometers:
The thermometers are classified as:
1. Expansion thermometers
i.
Bimetallic thermometers
ii.
Liquid in glass thermometers
2. Pressure thermometers
i.
Liquid filled thermometers
ii.
Vapour pressure thermometers
iii.
Gas filled thermometers
3. Resistance thermometers
4. Thermocouple
5. Radiation pyrometers
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6. Optical pyrometers

Bimetallic Thermometer/ Bimetallic Strip:
Bimetallic Thermometers are constructed by two different metals of different thermal
coefficient of expansion.
Note: Thermal Coefficient of expansion: Thermal expansion is the tendency to change
the size of the metal with respect to change in temperature.

∝𝑳 =
Where,
∝𝐿 𝑖𝑠 𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝐸𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛
𝐿 = 𝐿𝑒𝑛𝑔𝑡ℎ
𝑑𝐿 = 𝐶ℎ𝑛𝑎𝑔𝑒 𝑖𝑛 𝐿𝑒𝑛𝑔𝑡ℎ
𝑑𝐿 = 𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒

𝟏 𝒅𝑳
𝑳 𝒅𝑻

Principle:
A bimetallic strip is made up of metal A and B, having different thermal expansion coefficient. It is bonded together. These thermometers use the following two principles:
1. All metals change in dimension, that is expand or contract when there is a change in
temperature.
2. The rate at which this expansion or contraction takes place depend on the
temperature co-efficient of expansion of the metal and this temperature coefficient of
expansion is different for different metals. Hence the difference in thermal expansion
rates is used to produce deflections which are proportional to temperature changes.

Construction:
The construction of this thermometer can be done using two bimetallic strips that are
connected to form dissimilar thermal expansion coefficients. Generally, it is a
mechanical device where the mechanical action of this device can be used for
activating the switching mechanisms to acquire electronic output. The two metallic
strips can be connected by using a welding technique or different techniques like
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bolting, riveting and fastening, and there is no relative motion among these metals. The
metallic strip can be designed with two metals like copper, steel, etc.

Working:
The working principle of this thermometer mainly depends on two basic temperature
properties of the metal like the following.
Once the temperature changes, then there will be a change in the physical dimension of
the metals. Whenever the temperature rises, the metal strip turns in the direction of the
less temperature coefficient metal. Similarly, when the temperature reduces, then the
strip turns in the direction of a high-temperature coefficient metal.
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The expansion causes the strip to move in the uniform circular arc. The radius of the
arm is given by the formula shown below. The above equation shows that the strip
bend towards the metals which has a low-temperature coefficient (when the
temperature increases) and the inverse will happen when the temperature decreases.

Where, t – the total thickness of the strip
T2 – T1 – change in temperature
tA, tB – the thickness of metal A and metal B.
αA, αB– the thermal coefficient of expansion of metal A and B.
Types of Bimetallic Strips
These thermometers are classified into two types like the spiral strip and helical type.
These two thermometers are used to keep the thermometer size in a manageable limit.
Spiral Strip Type
It consists of a spiral-like structure and a pointer is attached to it, which is used for
scaling the temperature. When this spring structure is heated, then the metals exhibit
thermal expansion property and it deforms when there is a fall in temperature. At this
Course Material
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stage, the pointer records the temperature on the scale. These kinds of thermometers are
usually used in recording ambient temperature.

Helical Type
It consists of a helical like structure whose operation is similar to the bimetallic strip.
The free end of the strip is connected to a pointer. Whenever the strip is heated, it
experiences thermal expansion property and contracts on cooling. At this stage, the
pointer records the temperature reading. Usually, these kinds of thermometers are used
in industrial applications.

Advantages of Bimetallic Thermometer
1. Installation is easy
2. Simple maintenance
Course Material
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3. Accuracy is good
4. Less cost
5. Temperature range is wide
6. Linear response
7. Robust and simple
Disadvantages of Bimetallic Thermometer
1.
2.
3.
4.

If the measure in low-temperature then they will give a less accurate result.
If they handled roughly then calibration can be disturbed
These are not suggested for above 400’C temperature.
When these thermometers are frequently used, then the bimetallic of this device
may permanently bend so errors will occur.
The applications of bimetallic thermometer are
1.
2.
3.
4.

Used in control devices
A spiral strip-type thermometer is utilized in AC thermostats.
The helix strip type is used in refineries, tire vulcanizes, oil burners
These thermometers are utilized in household devices which include AC (air
conditioner), oven, and apparatus in industries like hot wires, refineries,
tempering tanks, heater, etc.

Filled-In Thermometers
Filled in thermometers can be classified as follows:
1. Expansion thermometers
i.
Liquid in glass thermometers
2. Pressure thermometers
i.
Liquid filled thermometers
ii.
Vapour pressure thermometers
iii.
Gas filled thermometers
Liquid in glass thermometers
The Liquid in glass thermometer, is the most commonly used device to measure
temperature and it is inexpensive to make and easy to use.
Principle:
The principle used to measure temperature is that of the apparent thermal expansion of
the liquid. Liquid-in-glass thermometers are based on the principle of thermal
expansion of substances. A liquid in a glass tube (called a capillary) expands when
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heated and contracts when cooled. A calibrated scale can then be used to read off the
respective temperature that led to the corresponding thermal expansion.
Construction:
The liquid in glass thermometer has a glass bulb attached to a sealed glass tube (also
called the stem or capillary tube). A very thin opening, called a bore, exists from the
bulb and extends down the centre of the tube. The bulb is typically filled with either
mercury or red-colored alcohol and is free to expand and rise up into the tube when the
temperature increases and to contract and move down the tube when the temperature
decreases. In the Liquid In Glass Thermometers (LIG) the thermally sensitive element is
a liquid contained in a graduated glass envelope.
The background of the glass tube is covered with white enamel and the front of the
glass tube forms a magnifying glass that enlarges the liquid column and facilitates with
reading the temperature. Liquid in glass thermometers are fragile and for industrial
use, the thermometer is mounted in a protective housing and the scale is engraved on a
separate plate that is part of the protective case.

Working:
 A bulb which acts as a container for the functioning liquid where it can easily
expand or contract in capacity.
 A stem, “a glass tube containing a tiny capillary connected to the bulb and
enlarged at the bottom into a bulb that is partially filled with a working liquid”.
 A temperature scale which is basically preset or imprinted on the stem for
displaying temperature readings.
 Point of reference i.e. a calibration point which is most commonly the ice point.
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A working liquid which is generally either mercury or alcohol.
An inert gas, mainly argon or nitrogen which is filled inside the thermometer
above mercury to trim down its volatilization.
Liquids used in glass thermometers



Liquid
Mercury
Alcohol
Pentane
Toluene
Creosote

Temperature
Range(Celsius)
-35 to +520
-80 to +70
-200 to +30
-80 to +100
-5 t0 +200

Advantages
Following are the major advantages associated with the use of liquid-in-glass
thermometers:
1. They are comparatively cheaper than other temperature measurement devices.
2. They are handy and convenient to use.
3. Unlike electrical thermometers, they do not necessitate power supply or batteries
for charging.
4. They can be frequently applied in areas where there is problem of electricity.
5. They provide very good repeatability and their calibration remains unaffected.
Limitations
Use of liquid-in-glass thermometers includes following limitations too:
1. They are considered inapt for applications involving extremely high or low
temperatures.
2. They cannot be applied in regions where highly accurate results are desirable.
3. As compared to electrical thermometers, they are very weak and delicate.
Therefore, they must be handled with extra care because they are likely to break.
4. Besides, they cannot provide digital and automated results. Hence, their use is
limited to areas where only manual reading is adequate, for example, a
household thermometer.
5. “Temperature readings should be noted immediately after removal because a
glass thermometer can be affected by the environmental temperature, heat
produced by the hand holding it, cleaning, etc. This temperature should be
recorded because a glass thermometer does not offer a recall of the measured
temperature.”
6. Reading temperature via liquid-in-glass thermometers call for brilliant eyesight.
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7. Liquid element contained in a glass thermometer may be perilous or risky to
health owing to their potential chemical spills.
8. These thermometers display temperature either in Celsius or Fahrenheit scales.
Thus, temperature conversion would be needed if the temperature reading is
wanted in some other scale.
Pressure thermometers:
Filled system thermometers are temperature measurement devices which works on
pressure or volume change of gas or change in vapour pressure of a liquid.
Construction:
A filled system thermometer consists of four parts
i.
ii.
iii.
iv.

Bulb
Capillary tube
Pressure or volume sensitive element
Indicating device.

The bulb contains a fluid that is sensitive to temperature changes. The capillary tube
connects the bulb to the element that is sensitive to pressure or volume changes. The
pressure sensitive or volume sensitive element may be a Bourdon tube, a helix, a
diaphragm or bellows. The motion of the temperature or volume sensitive element
couples mechanically to the indicating, recording or controlling device.

Working:
All liquids, gases or vapour expands when heated and contracts when cooled. This
property of liquid and gases are used to measure temperature by filled system
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thermometers. Bulb contains liquid or gases whose pressure or volume changes in
response to a change in temperature. This variation in pressure is transmitted through
capillary tube to the bourdon tube. The movement of bourdon tube is used to drive a
pointer by mechanical linkages for indicating temperature.
Classification:
Class
Filled fluid
I
Liquid filled
II
Vapour filled
III
Gas filled
IV
Mercury filled
Class I – Liquid filled system:

Principle
Volumetric Expansion
Pressure generation
Pressure generation
Volumetric Expansion

It is commonly filled with a liquid other than mercury and operates on the principle of
volumetric expansion of liquid. The generally used filling fluids are Xylene, Toluene
and Alcohol etc. which has coefficient of expansion six times of mercury so that the
system has high sensitivity.
Range: -87 to 371 oC.
Advantages: Wide temperature range, Smaller bulb size, Low cost
Disadvantages: Error compensation is difficult.
Class II – Vapour filled system:
In this type the bulbs are partially filled with volatile liquid while capillary and
bourdon tubes are filled with vapour. The pressure in a vessel containing aliquid and its
vapour increases with increase in temperature. The most commonly used volatile
liquids are Argon, Methyl Bromide, Methyl Chloride, butane, Diethyl Ether, toluene,
Ethyl Alcohol.
Range: -184 to 343 oC.
Advantages: Fast response to temperature, long capillary length.
Disadvantages: Nonlinear scale, difficult to measure ambient temperature.
Class III – Gas filled system:
These thermometers are filled with gases such as nitrogen, hydrogen which makes the
system more sensitive to temperature changes. This system operates on the principle of
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ideal gas law which states that volume of a gas increases with increase in temperature if
pressure is kept constant or vice versa.
Range: -268 to 760 oC.
Advantages: Wide temperature range, no head or elevation effect.
Disadvantages: large bulb size, Generates less deflection force for controlling devices.
Class IV – Mercury filled system:
This type is also called as liquid filled system but due to the unique characteristics of
mercury it is special case.
Range: -40 to 649 oC.
Advantages over liquid filled thermometer:
1.
2.
3.
4.

Rapid response
High accuracy
Large power for operating elements
At high temperature, pressure is also high which reduces head or elevation effect
error.
5. As mercury is incompressible, ambient temperature effect error is also very less.
6. Least difficult to compensate.
Common sources of Errors:
1.
2.
3.
4.
5.

Ambient temperature effect
Head or Elevation effect
Barometric effect
Immersion effect
Radiation effect

Resistance Temperature Detector (RTD) / Resistance Thermometer:
"RTD" is an abbreviation for "Resistance Temperature Detector". An RTD is a
temperature sensor which measures temperature using the principle that
the resistance of a metal changes with temperature. If we want to measure temperature
with high accuracy, an RTD is the ideal solution, as it has good linear characteristics
over a wide range of temperatures.
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Principle:
Resistance Temperature Detectors (RTD) operates on the principle that the electrical
resistance of a metal changes predictably in an essentially linear and repeatable manner
with changes in temperature. RTD have a positive temperature coefficient (resistance
increases with temperature). The resistance of the element at a base temperature is
proportional to the length of the element and the inverse of the cross sectional area.
The variation of resistance of the metal with the variation of the temperature is given as,

Where, Rt and R0 are the resistance values at toC and t0oC temperatures. α and β are the
constants depends on the metals.
This expression is for huge range of temperature. For small range of temperature, the
expression can be,

In RTD devices; Copper, Nickel and Platinum are widely used metals. These three
metals are having different resistance variations with respective to the temperature
variations. That is called resistance-temperature characteristics.
Platinum has the temperature range of 650oC, and then the Copper and Nickel have
120oC and 300oC respectively. The figure-1 shows the resistance-temperature
characteristics curve of the three different metals. For Platinum, its resistance changes
by approximately 0.4 ohms per degree Celsius of temperature.
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The purity of the platinum is checked by measuring R100 / R0. Because, whatever the
materials actually we are using for making the RTD that should be pure. If it will not
pure, it will deviate from the conventional resistance-temperature graph. So, α and β
values will change depending upon the metals.
Construction:
The construction is typically such that the wire is wound on a form (in a coil) on
notched mica cross frame to achieve small size, improving the thermal conductivity to
decrease the response time and a high rate of heat transfer is obtained. In the industrial
RTD’s, the coil is protected by a stainless steel sheath or a protective tube.
So that, the physical strain is negligible as the wire expands and increase the length of
wire with the temperature change. If the strain on the wire is increasing, then the
tension increases. Due to that, the resistance of the wire will change which is
undesirable. So, we don’t want to change the resistance of wire by any other unwanted
changes except the temperature changes. This is also useful to RTD maintenance while
the plant is in operation. Mica is placed in between the steel sheath and resistance wire
for better electrical insulation. Due less strain in resistance wire, it should be carefully
wound over mica sheet.

Working:
Figure below shows a basic bridge circuit which consists of three known resistances, R1,
R2, and R3 (variable), an unknown variable resistor RX (RTD), a source of voltage, and
a sensitive ammeter.
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Resistors R1 and R2 are the ratio arms of the bridge. The ratio the two variable
resistances for current flow through the ammeter. R3 is a variable resistor known as the
standard arm that is adjusted to match the unknown resistor. The sensing ammeter
visually displays the current that is flowing through the bridge circuit. Analysis of the
circuit shows that when R3 is adjusted so that the ammeter reads zero current, the
resistance of both arms of the bridge circuit is the same. The relationship of the
resistance between the two arms of the bridge can be expressed as

𝑹𝟏
𝑹𝟐
=
𝑹𝟑
𝑹𝑿
Since the values of R1, R2, and R3 are known values, the only unknown is Rx. The value
of Rx can be calculated for the bridge during an ammeter zero current condition.
Knowing this resistance value provides a baseline point for calibration of the
instrument attached to the bridge circuit. The unknown resistance, Rx, is given by

𝑹𝑿 =
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Lead resistance Compensation:

Advantages of Resistance Thermometer
1. It provides highly accurate results.
2. RTD provides a vast operating range.
3. Suitable for extreme environments
4. High repeatability and long term stability.
5. Due to its high accuracy, RTD is used in all such applications where precise
results are needed.
Disadvantages of Resistance Thermometer
1. The sensitivity of platinum RTD is very less for the minor variation in
temperature.
2. RTD possess slower response time.
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Thermistor:
A Thermistor (thermal resistor) is a type of resistor whose electrical resistance varies
with change in temperature. Thermistor acts as a passive component in a circuit. They
are an accurate, cheap, and robust way to measure temperature. While they do not
work well in extremely hot or cold temperatures, they are the sensor of choice for many
different applications. They are ideal when a precise temperature reading is required.
Principle:
Thermistors are temperature sensitive semiconductors that exhibit a large change in
resistance over a relatively small range of temperature. There are two main types of
thermistors, positive temperature coefficient (PTC) and negative temperature coefficient
(NTC). NTC thermistors exhibit the characteristic of resistance falling with increasing
temperature. These are most commonly used for temperature measurement.
Thermistor is similar to an RTD, but a semiconductor material is used instead of a
metal. Thermistor is a solid state device and has larger sensitivity than does an RTD.
Unlike RTD’s, the temperature-resistance characteristic of a Thermistor is non-linear,
and cannot be characterized by a single coefficient. Unlike RTDs, the resistance of a
Thermistor decreases with increasing temperature.
The relationship between resistance and temperature in an NTC thermistor is governed
by the following expression:

Where:





RT is the resistance at temperature T (K)
R0 is the resistance at temperature T0 (K)
T0 is the reference temperature (normally 25oC)
β is a constant, its value is dependent on the characteristics of the material. The
nominal value is taken as 4000.

Construction:
The device is manufactured from materials like sintered mixtures of oxides of metals
such as manganese, nickel, cobalt, and iron. Their resistances range from 0.4 ohms to 75
mega-ohms and they may be fabricated in wide variety of shapes and sizes. Smaller
thermistors are in the form of beads of diameter from 0.15 millimeters to 1.5
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millimeters. Such a bead may be sealed in the tip of solid glass rod to form probe which
is easier to mount than bead. Alternatively thermistor may be in the form of disks and
washers made by pressing thermistor material under high pressure into flat cylindrical
shapes with diameter from 3 millimeters to 25 millimeters. Washers may be stacked and
placed in series or parallel to increase power disciplining capability.

Working:
Thermistor Types
There are two types of thermistors:



Negative Temperature Coefficient (NTC) Thermistor
Positive Temperature Coefficient (PTC) Thermistor

NTC Thermistor
In an NTC thermistor, when the temperature increases, resistance decreases. And when
temperature decreases, resistance increases. Hence in an NTC thermistor temperature
and resistance are inversely proportional. These are the most common type of
themistor.
PTC Thermistor
A PTC thermistor has the reverse relationship between temperature and resistance.
When temperature increases, the resistance increases. And when temperature
decreases, resistance decreases. Hence in a PTC thermistor temperature and resistance
are inversely proportional. Although PTC thermistors are not as common as NTC
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thermistors, they are frequently used as a form of circuit protection. Similar to the
function of fuses, PTC thermistors can act as current-limiting device.

Advantages
1. The thermistor has fast response over narrow temperature range.
2. It is small in size.
3. Contact and lead resistance problem not occurred due to large resistance.
4. It has good sensitivity in NTC region.
5. Cost is low.
Disadvantages
1. The thermistor need of shielding power lines.
2. The excitation current should be low to avoid self heating.
3. It is not suitable for large temperature range.
4. The resistance temperature characteristics are non linear.
Applications of Thermistor
1. These are compact. It can be used as a temperature sensor in
Digital Thermometers.
2. In the automotive industry to measure the temperature of the coolant and the oil
in the trucks as well as in cars these are preferred.
3. Household appliances make use of thermistor to increase or decrease the amount
of heat required.
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4. To protect the circuits from the overloading effect that is by increasing the
resistance value. Hence the thermistors are considered as the circuit protection
elements.
5. In the circuits of Wheat stone Bridge, Rechargeable batteries, Electronic device
circuits thermistors are utilized
Thermocouple:
Thermocouple is temperature sensor. Thermocouple produces EMF on experiencing a
temperature change. Thermocouples are called as transducers since it converts the
temperature into electrical energy. Since thermocouples do not any external energy for
the conversion of temperature to electrical output it is called active transducer.
Principle:
The thermocouple working principle is based on the Seeback Effect. This effect states
that when a closed circuit is formed by jointing two dissimilar metals at two junctions,
and junctions are maintained at different temperatures then an electromotive force
(e.m.f.) is induced in this closed circuit. The amount of induced e.m.f. is different for
different metal combinations and is proportional to the temperature difference of the
junctions. This is the basic thermocouple working principle.

Note: Seeback effect is the combination of Peltier effect and Thompson effect.
Peltier Effect: Absorption or evolution of heat at junction of two dissimilar metals if a
current exists in the circuit. It is opposite to the seeback effect.
Thompson Effect: Heat exchange in a circuit of a single metal in which a temperature
gradient exists.
Laws of Thermocouples:
There are three laws of thermoelectric circuits that provide us practical tips for
measurement of temperature. These Laws are known as law of homogeneous circuit,
law of intermediate metals and law of intermediate temperatures.
I.

Law of homogeneous circuit: It says that the net thermo-emf generated is
dependent on the materials and the temperature of two junctions only, not on
any intermediate temperature.
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II.

III.

Law of intermediate metals: It says that if a third metal is introduced at any
point (thus forming two additional junctions) it will not have any effect, if these
two additional junctions remain at the same temperatures. This law makes it
possible to insert a measuring device without altering the thermo-emf
Law of intermediate temperatures: It says, if a thermocouple produces emf e1,
when its junctions are at T1 and T2, and e2 when its junctions are at T2 and T3;
then it will generate emf e1+e2 when the junction temperatures are at T1 and T3.
The third law is related to the calibration of the thermocouple.

Construction:
Theoretically, any pair of dissimilar materials can be used as a thermocouple. But in
practice, only few materials have found applications for temperature measurement. The
choice of materials is influenced by several factors, namely, sensitivity, stability in
calibration, inertness in the operating atmosphere and reproducibility (i.e. the
thermocouple can be replaced by a similar one without any recalibration). Table shows
the common types of thermocouples, their types, composition, range, sensitivity etc.
The upper range of the thermocouple is normally dependent on the atmosphere whre it
has been put. For example, the upper range of Chromel/ Alumel thermocouple can be
increased in oxidizing atmosphere, while the upper range of Iron/ Constantan
thermocouple can be increased in reducing atmosphere.
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Type

Positive lead

Negative lead

Temperature
range
0 to 1500oC

R

Platinum-87% & Platinum
Rhodium -13%

S

0 to 1500oC

K

Platinum-90%
Platinum
& Rhodium 10%
Chromel
Alumel

E

Chromel

Constantan

-200 to 1000oC

T

Copper

Constantan

-200 to 350oC

J

Iron

Constantan

-150 to 750oC

N

Nicrosil

Nisil

32 to 2300oC

B

Platinum-70%
Platinum-94%
& Rhodium 30% Rhodium 6%

-200 to 1300oC

& 32 to 3380oC

Working:

When these junctions are kept at different temperatures, generally cold junction is kept
at 0oC and measuring junction is kept at an unknown temperature which we want to
measure (i.e. the temperature of the junction is raised by heating it). An e.m.f. will be
generated in this circuit due to the temperature difference of the junctions. This e.m.f. is
in the order of millivolts. And the e.m.f. can be measured with the help of a PMMC
instrument by connecting it in the circuit as shown in Figure. When both the junctions
are at the same temperature, e.m.f. generated at both junctions will be the same. No
current will flow through the circuit. And there will be no deflection in the meter. When
both the junctions are at different temperatures, a current will flow through the meter.
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And the meter will show the deflection. As the generated e.m.f. is proportional to the
temperature difference, the amount of current flow will also be proportional to the
temperature difference. And therefore, the meter can be calibrated directly in terms of
temperature.
The reference or cold junction is normally connected to the measuring instrument and
held at 0oC. For accurate temperature measurement, the reference junction temperature
must remain constant or suitable compensation provided if it should change. To reduce
inaccuracies, most thermocouples are now installed with instruments that provide
automatic reference compensation.
Cold junction compensation:
From above discussions, it is imminent that the thermocouple output voltage will vary
if the reference junction temperature changes. So, for measurement of temperature, it is
desirable that the cold junction of the thermocouple should be maintained at a constant
temperature. Ice bath can be used for this purpose, but it is not practical solution for
industrial situation. An alternative is to use a thermostatically controlled constant
temperature oven. In this case, a fixed voltage must be added to the voltage generated
by the thermocouple, to obtain the actual temperature. But the most common case is
where the reference junction is placed at ambient temperature. For high temperature
measurement, the error introduced due to variation of reference junction temperature is
not appreciable.
A more accurate method for reference junction temperature compensation is shown in
figure below. Here a thermistor, or a RTD is used to measure the ambient temperature
and compensate the error through a bridge circuit. The bridge circuit is balanced at 0o
C. When the ambient temperature goes above 0o C, the emf generated in the
thermocouple is reduced; at the same time bridge unbalanced voltage is added to it in
order to maintain the overall voltage at the same value.
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Advantages:
1. Accuracy is high
2. It is Robust and can be used in environments like harsh as well as high vibration.
3. The thermal reaction is fast
4. The operating range of the temperature is wide.
5. Wide operating temperature range
6. Cost is low and extremely consistent
Disadvantages:
1. Nonlinearity
2. Least stability
3. Low voltage
4. Reference is required
5. least sensitivity
6. The thermocouple recalibration is hard
Thermocouple Applications:
1. These are used as the temperature sensors in thermostats in offices, homes,
offices & businesses.
2. These are used in industries for monitoring temperatures of metals in iron,
aluminum, and metal.
3. These are used in the food industry for cryogenic and Low-temperature
applications. Thermocouples are used as a heat pump for performing
thermoelectric cooling.
4. These are used to test temperature in the chemical plants, petroleum plants.
5. These are used in gas machines for detecting the pilot flame.
Pyrometers:
Pyrometer is non contact type temperature measuring devices. Pyrometer is used to
measure the temperature by measuring the radiation emitted by the hot body. There are
two types of Pyrometers. They are
i.
ii.

Optical Pyrometer
Radiation Pyrometer

Optical Pyrometer:
In an optical pyrometer, a brightness comparison is made to measure the temperature.
As a measure of the reference temperature, a color change with the growth in
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temperature is taken. The device compares the brightness produced by the radiation of
the object whose temperature is to be measured, with that of a reference temperature.
The reference temperature is produced by a lamp whose brightness can be adjusted till
its intensity becomes equal to the brightness of the source object. For an object, its light
intensity always depends on the temperature of the object, whatever may be its
wavelength. After adjusting the temperature, the current passing through it is
measured using a multimeter, as its value will be proportional to the temperature of the
source when calibrated. The working of an optical pyrometer is shown in the figure
below.

Optical Pyrometer

Working
The radiation from the source is emitted and the optical objective lens captures it. The
lens helps in focusing the thermal radiation on to the reference bulb. The observer
watches the process through the eye piece and corrects it in such a manner that the
reference lamp filament has a sharp focus and the filament is super-imposed on the
temperature source image. The observer starts changing the rheostat values and the
current in the reference lamp changes. This in turn, changes its intensity. This change in
current can be observed in three different ways.
1. The filament is dark. That is, cooler than the temperature source.
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2. Filament is bright. That is, hotter than the temperature source.
3. Filament disappears. Thus, there is equal brightness between the filament and
temperature source. At this time, the current that flows in the reference lamp is
measured, as its value is a measure of the temperature of the radiated light in the
temperature source, when calibrated.

Advantages
1. Simple assembling of the device enables easy use of it.
2. Provides a very high accuracy with +/-5 degree Celsius.
3. There is no need of any direct body contact between the optical pyrometer and
the object. Thus, it can be used in a wide variety of applications.
4. As long as the size of the object, whose temperature is to measured fits with the
size of the optical pyrometer, the distance between both of them is not at all a
problem. Thus, the device can be used for remote sensing.
5. This device can not only be used to measure the temperature, but can also be
used to see the heat produced by the object/source. Thus, optical pyrometers can
be used to measure and view wavelengths less than or equal to 0.65 microns. But,
a Radiation Pyrometer can be used for high heat applications and can measure
wavelengths between 0.70 microns to 20 microns.
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Disadvantages
1. As the measurement is based on the light intensity, the device can be used only
in applications with a minimum temperature of 700 degree Celsius.
2. The device is not useful for obtaining continuous values of temperatures at small
intervals.
Applications
1. Used to measure temperatures of liquid metals or highly heated materials.
2. Can be used to measure furnace temperatures.

Radiation Pyrometer (Infrared):
These pyrometers are designed to detect thermal radiation in the infrared region (214um). It measures the temperature of a targeted object from the emitted radiation.
Infrared pyrometers are made up of pyroelectric materials like polyvinylidene fluoride
(PVDF), triglycine sulfate (TGS), and lithium tantalate (LiTaO3). As shown in the figure
below, the radiation pyrometer has an optical system, including a lens, a mirror and an
adjustable eye piece. The heat energy emitted from the hot body is passed on to the
optical lens, which collects it and is focused on to the detector with the help of the
mirror and eye piece arrangement. The detector may either be a thermistor or
photomultiplier tubes. Though the latter is known for faster detection of fast moving
objects, the former may be used for small scale applications. Thus, the heat energy is
converted to its corresponding electrical signal by the detector and is sent to the output
temperature display device.
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Advantages
1. The device can be used to measure very high temperatures without direct contact
with the hot source (Molten metal).
2. The biggest advantage is that the optical lens can be adjusted to measure
temperature of objects that are even 1/15 inch in diameter and that too kept at a
long distance from the measuring device.
3. The sight path of the device is maintained by the construction of the instrument
components, such as the lens and curved mirrors.
Disadvantages
1. Pyrometers are generally rugged and expensive
2. Accuracy of the device can be affected due to the different conditions like dust,
smoke, and thermal radiation.
Application:
1. To measure the temperature of moving objects or constant objects from a greater
distance.
2. In metallurgy industries
3. In smelting industries
4. Hot air balloons to measure the heat at the top of the balloon
5. Steam boilers to measure steam temperature
6. To measure the temperature of liquid metals and highly heated materials.
7. To measure furnace temperature.
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POST MCQs:
1. A “thermowell” is a:
a. Heat sink
b. Small vessel for holding liquids at high temperature
c. Protective tube for a temperature sensing element
d. Temperature sensing device
2. Reference
junction compensation is
necessary
in
thermocouple-based
temperature instruments because:
a. Copper extension wire has a tendency to corrode
b. Thermocouples are inherently nonlinear
c. The reference junction generates a temperature-dependent voltage
d. The junction’s electrical resistance varies with temperature
3. Output of a bimetallic element will be __________________
a) Strain
b) Pressure
c) Displacement
d) Voltage
4. In liquid in steel bulb thermometer, which liquid can be used for measuring
temperature up to 60000C?
a) Mercury
b) Ether
c) Water
d) None of the mentioned
5. Which of the following is true for bimetallic type thermometer?
a) Two metals have same temperature coefficients
b) Two metals have different temperature coefficient
c) One metal is cooled always
d) None of the mentioned

Reference:
[1] D. Patranabis, “Principles of Industrial Instrumentation”, Tata McGraw
Hill, 2ndEdition, New Delhi, Reprint2009.
[2] S. K. Singh, “Industrial Instrumentation & Control” 3rd Edition, Tata
McGraw Hill, Reprint 2009.
[3] K.Krishnaswamy & S.Vijayachitra, “Industrial Instrumentation” New age
International, Reprint 2008.
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UNIT 2
MEASUREMENT OF PRESSURE
AIM:
To understand the construction, working, advantage, disadvantages and
applications of different types of Pressure measurement methods.
PRE-REQUISITES:
 Sensors and Actuators.
PRE TEST- MCQs:
1. Which of the following is detected using manometer devices?
a) Pressure difference between manometric and measuring liquid
b) pH difference between manometric and measuring liquid
c) Density difference between manometric and measuring liquid
d) None of the mentioned
2. What is the difference between water and transformer oil as a manometric
liquid?
a) Water is used for large pressure differential
b) Transformer oil is used for large pressure differential
c) Transformer oil has evaporation problems
d) Water has evaporation problems
3. In which of the following categories be thin plate diaphragm included?
a) Primary transducer
b) Secondary transducer
c) Voltage measuring devices
d) Spring balance systems
INTRODUCTION:
Types of Pressure:
1. Absolute pressure
For Absolute Pressure the reference point is the perfect vacuum.
2. Gauge pressure
For Gauge Pressure the reference point is the standard atmospheric pressure at
sea level (1.013 bar / 14.696 psi). Gauge pressure, sometimes also called relative
pressure, can assume both positive and negative values.
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3. Differential pressure
The measurement of differential pressure is comparing the pressures between
two random locations.
Standard atmospheric pressure
Is a standardized value of the air pressure at sea level, which was determined to be
1013.25 mbar at 15 °C in metric units and 14.696 psi at 59 °F in imperial units.

Fig.1 Types of Pressure
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Pressure Scale:

Unit
Pascal
Kilopascal
Megapascal
Bar
Pounds per square inch
Kilogram per square
centimeter

Units of pressure
Symbol
Pa
kPa
MPa
Bar
Psi
Kg/cm2

Corresponds to
1 bar = 100000 Pa
1 bar = 100 kPa
1 bar = 0.1 MPa
1 bar = 1 bar
1 bar = 14. 696 psi
1 bar = 1.02 kg/cm2

Inch of Mercury column
mm Hg
1 bar = 760 mm Hg
Table.1 Unit of Pressure

Manometers:
A manometer is a basic device to measure pressure but very effective and accurate
device which is used to measure pressure.
Construction:
It consists of a U-shaped glass tube which is filled with mercury or some other liquid.
Generally one end of the manometer tube is left open, susceptible to atmospheric
pressure, while a manometer hose is connected via a gas tight seal to an additional
pressure source.
Working:
The principle behind a manometer gas or liquid pressure gauge is Hydrostatic
equilibrium, that the pressure when a liquid is at rest is equal at any point. For example,
if both ends of the U-tube are left open to the atmosphere then the pressure on each side
will be equal. As a consequence the level of the liquid on the left-hand side will be the
same as the level of the liquid on the right-hand side – equilibrium. However, if one end
of the U-tube is left open to the atmosphere and the other connected to an additional
gas/liquid supply this will create different pressures.
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If the pressure from the additional gas/liquid supply is greater than the atmospheric
pressure this will exert a downward pressure on the measuring liquid. As a
consequence, the liquid will be pushed down on one side with the greater pressure
causing the liquid to rise on the side with the lesser pressure. The opposite would occur
if the additional gas/liquid supply creates a lesser pressure than the atmospheric
pressure. In this instance the liquid would fall on the side of the open section of the Utube and rise on the side connected to the additional gas/liquid supply.
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∆𝑷 = 𝝆𝒈𝒉
Where,
∆P is difference in pressure P1- P2
ρ = Density of the manometric fluid
h is difference in high
g is the acceleration of gravity (9.81 m/s2).
Types of Manometers:
o
o
o
o
o

U tube Manometer
Differential Manometer
Inverted U tube Manometer
Micro Manometer
Inclined Manometer

U tube Manometer:
The traditional U-Tube device is the most common with one end of the partially liquid
filled tube open to the atmosphere and the other connected to an outside source.

By measuring the different heights of liquid on the left and the right hand side of the Utube it is possible to calculate the pressure from the outside source in relation to
atmospheric pressure.

Course Material

Page 37

Industrial Instrumentation
Differential Manometer
A differential U-tube is closed and both ends are filled with different liquid/gas at
different pressures. This tends to be used where the pressure needs to be measured
directly, not based on an outside pressure.

Inverted U tube Manometer
The inverted U-tube design is used to measure low-pressure between two separate
points to a relatively high level of accuracy. Liquid is introduced to the U-tube at either
end with a volume of air separating the different liquids. The use of a tap allows air to
be expelled from or admitted into the inverted U-tube device. Thereby adjusting the
pressure difference and giving an accurate reading.
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Micro manometer
The micro-design is a modified version of the basic U-tube except one side of the tube
has a larger cross-section. The manometer definition of measuring pressure is still the
same but due to the structure of the U-tube it is able to measure minute pressure
differences.

Inclined manometer
As the name suggests, an inclined manometer involves a gradual incline in the design.
This allows for the measurement of minuscule pressure to extremely high levels of
accuracy. It is used where the manometric properties of liquids are similar. Again, it is
the simplicity, lack of maintenance and no moving parts make it extremely efficient and
easy to use.

Advantages of Manometers
1. It is simple to construct.
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2. It has great accuracy.
3. Used to measure pressure, temperature, flow and other process variables.
Disadvantages of Manometers
1. The manometer has a smaller dynamic response.
2. They are fragile and therefore provide low portability.
3. They have small operational limits which are on the order of 1000 kN/m2.
4. The density of manometric fluid depends on temperature. Therefore errors may
occur due to change in temperature.
Application of Manometers
1. Used in the maintenance of heating, ventilation and air conditioning (HVAC)
systems, and gas systems.
2. It is used to construct bridges, swimming pools and other engineering purposes.
3. Used in climate forecasting.
4. In clinical applications such as blood pressure measuring and physiotherapy.
Elastic Pressure transducers:
These transducers use elastic material to convert the pressure into other form of energy.
There are different types of elastic pressure transducers based on the elastic materials
used. They are
1. Bourdon Tube
2. Diaphragm
3. Bellows
Bourdon Tube:
Bourdon Tubes are known for its very high range of differential pressure
measurement in the range of almost 100,000 psi (700 MPa). The basic idea behind the
device is that, cross-sectional tubing when deformed in any way will tend to regain its
circular form under the action of pressure. The bourdon pressure gauges used now
days have a slight elliptical cross-section and the tube is generally bent into a C-shape
or arc length of about 27 degrees. The detailed diagram of the bourdon tube is shown
below.

Course Material

Page 40

Industrial Instrumentation

Construction:
As seen in the figure, the pressure input is given to a socket which is soldered to the
tube at the base. The other end or free end of the device is sealed by a tip. This tip is
connected to a pointer through segmental lever & through an adjustable length link.
The mechanical construction has to be highly accurate in the case of a Bourdon Tube
Gauge. In a cross-section of the tube, its outer edge will have a larger surface than the
inner portion. The tube walls will have a thickness between 0.01 and 0.05 inches.
Working:
As the fluid/air pressure enters the bourdon tube, it tries to be reformed and because of
a free tip available, this action causes the tip to travel in free space and the tube
unwinds. The simultaneous actions of bending and tension due to the internal pressure
make a non-linear movement of the free tip. This travel is suitable guided and amplified
for the measurement of the internal pressure. But the main requirement of the device is
that whenever the same pressure is applied, the movement of the tip should be the
same and on withdrawal of the pressure the tip should return to the initial point.
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Other than C-type, bourdon gauges can also be constructed in the form of a helix or a
spiral. These types are varied for specific uses and space accommodations, for better
linearity and larger sensitivity. For thorough repeatability, the bourdon tubes materials
must have good elastic or spring characteristics. The commonly used materials are
phosphor-bronze, silicon-bronze, beryllium-copper, inconel, and other C-Cr-Ni-Mo
alloys, and so on.
Advantages
1. Inexpensive
2. Wide operating range
3. Fast response
4. Good sensitivity
5. Direct pressure measurement
Disadvantages
1. Primarily intended for indication only
2. Non linear transducer, linearised by gear mechanism
3. Hysteresis on cycling
4. Sensitive to temperature variations
5. Limited life when subject to shock and vibration
Application
1. These devices should be used in air if calibrated for air, and in liquid if calibrated
for liquid. Special care is required for liquid applications in bleeding air from the
liquid lines.
2. This type of pressure measurement is limited in applications where there is input
shock (a sudden surge of pressure), and in fast moving processes.
3. If the application is for the use of oxygen, then the device cannot be calibrated
using oil. Lower ranges are usually calibrated in air. Higher ranges, usually
1000kPa, are calibrated with a dead weight tester (hydraulic oil).
Diaphragm:
A diaphragm pressure transducer is used for low pressure measurement. They are
commercially available in two types – metallic and non-metallic. Metallic diaphragms
are known to have good spring characteristics and non-metallic types have no elastic
characteristics. Thus, non-metallic types are used rarely, and are usually opposed by a
calibrated coil spring or any other elastic type gauge. The non-metallic types are also
called slack diaphragm.
Working
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When a force acts against a thin stretched diaphragm, it causes a deflection of the
diaphragm with its centre deflecting the most.

Since the elastic limit has to be maintained, the deflection of the diaphragm must be
kept in a restricted manner. This can be done by cascading many diaphragm capsules.
A main capsule is designed by joining two diaphragms at the periphery. A pressure
inlet line is provided at the central position. When the pressure enters the capsule, the
deflection will be the sum of deflections of all the individual capsules. As shown in
figure (3), corrugated diaphragms are also used instead of the conventional ones.

Diaphragm Pressure Transducer
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Corrugated designs help in providing a linear deflection and also increase the member
strength. The total amount of deflection for a given pressure differential is known by
the following factors:


Number and depth of corrugation



Number of capsules



Capsule diameter



Shell thickness



Material characteristics

Materials used for the metal diaphragms are the same as those used for Bourdon Tube.
Non-metallic or slack diaphragms are used for measuring very small pressures. The
commonly used materials for making the diaphragm are polythene, neoprene, animal
membrane, silk, and synthetic materials. Due to their non-elastic characteristics, the
device will have to be opposed with external springs for calibration and precise
operation. The common range for pressure measurement varies between 50 Pa to 0.1
MPa.
Bellows:
Like a diaphragm, bellows are also used for pressure measurement, and can be made of
cascaded capsules. The basic way of manufacturing bellows is by fastening together
many individual diaphragms. The bellows element, basically, is a one piece expansible,
collapsible and axially flexible member. It has many convolutions or fold. It can be
manufactured form a single piece of thin metal.
Working
The action of bending and tension operates the elastic members. For proper working,
the tension should be least. The design ideas given for a diaphragm is applied to
bellows as well. The manufacturer describes the bellows with two characters –
maximum stroke and maximum allowable pressure. The force obtained can be
increased by increasing the diameter. The stroke length can be increased by increasing
the folds or convolutions.
For selecting a specific material for an elastic member like bellows, the parameters to be
checked are:



Range of pressure
Hysteresis
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Fatigue on dynamic operation
 Corrosion
 Fabrication ease
 Sensitivity to fluctuating pressures
For strong bellows, the carbon steel is selected as the main element. But the material
gets easily corroded and is difficult to machine. For better hysteresis properties use
trumpet bass, phosphor bronze, or silicon bronze. Better dynamic performance can be
achieved by using beryllium copper. Stainless steel is corrosion resistive, but does not
have good elastic properties. For easy fabrication soft materials are sought after.


All bellow elements are used with separate calibrating springs. The springs can be
aligned in two ways – in compression or in expansion when in use. Both these types,
with internal compression springs or external tension springs, are commercially known
as receiver elements and are used universally in pneumatic control loops. The figures
below show the compressed and expanded type. Spring opposed bellows are also
shown below. The open side of a bellows element is usually rigidly held to the
instrument casing and because of the rigid fixing, the effective or active length of the
bellows element is smaller than its actual length. This device is used in cases where the
control pressure range is between 0.2 to 1 kg/cm2.

Bellow Pressure Gauge

.
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Dead weight Tester:
A Dead Weight Tester (DWT) is a pressure calibration instrument which uses metal
weights and a piston/cylinder assembly to generate pressure set points to a high
accuracy over a wide range of pneumatic or hydraulic pressures.
Principle
Since pressure is derived from force divided by area (F/A), the pressure generated by a
dead weight tester is calculated by multiplying the mass by the acceleration due to
gravity to determine the applied force, and then dividing this by the surface area of the
piston cylinder.
The pressure is applied by using a screw press for hydraulic ranges and a gas regulator
for pneumatic ranges. The desired pressure is reached when enough pressure has been
applied via the screw press or regulator to lift the weights so that they are floating.
Construction
Typically a dead weight tester consists of a base, screw press/regulator,
piston/cylinder assembly and a mass set of weights. The base has a built-in spirit level
and adjustable feet to allow the user to ensure the instrument is perfectly level before
use. In the case of a hydraulic dead weight tester there will be a screw press with turnhandles, and for pneumatic deadweight testers there will be a gas regulator built into
the base.
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A piston cylinder assembly is mounted vertically to the top of the base and connected
via manifolds and pipework to the the screwpress or regulator. There are two markings
on the piston cylinder which indicate the region in which the weights must be floating
and spinning before checking the reading of the device being calibrated. Some
deadweight testers come with piston cylinders of different sizes which extend the range
of the instrument to higher or lower set of pressures. The mass set is stored in a separate
box and includes a series of different sized weights, each of which has a hole in the
middle, so that the weight can be slid onto the mass holder which sits over the top of
the piston cylinder assembly.
Applications
1. A dead weight tester is often called a primary reference standard because it is
considered to produce the most accurate results because the mass of the weights
and the area of the piston cylinder are known to a very high accuracy.
2. Dead weight testers are mainly used by standards laboratories to provide a
reference standard for pressure calibration purposes.
Vacuum Gauges:
The Pressure gauges which are used to measure the pressure below the atmospheric
pressure level is called vacuum gauges. There different types of vacuum gauges, they
are classified as:
1. Mechanical type gauge is the McLeod Gauge.
2. Thermal type vacuum gauge divided into Pirani Gauge and Thermocouple Type
Vacuum Gauge.
3. Ionization Gauge divided into Hot Cathode Type and Cold Cathode Type.
McLeod Gauge
McLeod Gauge is a vacuum gauge that uses the same principle as that of a manometer.
By using the pressure dividing technique, its range can be extended from a value of
10-4 Torr. The basic principle is called the multiple compression technique. It is shown
in the figures below. If there are two bulbs A and B connected with the McLeod and test
gauges through capillary tubing, the pressure on the right hand side of the test gauge is
very small and the capillary connection between T and bulb B very long, then the flow
law can be written as
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V.dp2/dt = K.(p1-p2)
V- Volume of the bulb
dp2/dt – Pressure Gradient in time between the two elements
K – Flow conductance in the capillary.
As p2 is very small when compared to p1, the flow rate remains practically constant
and is proportional to the pressure. This forms the basis of the calibration.
There are many variations of the McLeod Gauge. The basic construction is shown in the
figure below.

McLeod Gauge
Working
The gauge is used to compress a small quantity of low pressure gas to produce a
readable large pressure. Bulb B of the gauge is attached to capillary aa’. The mercury
level in the gauge is lowered up to I1 by lowering the reservoir, thereby allowing a little
process fluid to enter B. By raising the reservoir, the gas is now compressed in the
capillary aa’ till mercury rises to the zero mark in the side tube and capillary bb’. The
capillary bb’ is required to avoid any error due to capillary.
The McLeod gauge is independent of gas composition. If, however, the gas contains
condensable material and during compression it condenses, the reading of the gauge is
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faulty. The gauge is not capable of continuous reading and the scale is of square law
type. For linearizing the scale at comparatively higher pressures, a second volume is
introduced as shown in the figure below, where the scale shown is linear.



Pirani Gauge
A basic pirani gauge consists of a fine wire of tungsten or platinum of about 0.002 cm in
diameter. This wire is mounted in a tube and then connected to the system whose
vacuum is to be measured. The temperature range is around (7-400) degree Celsius and
the heating current is between (10-100) mA. A bridge circuit is also used for greater
accuracy. The pirani gauge is connected as one arm of the bridge circuit. The figure is
shown below. Vacuum measurement is usually taken in three ways.
When the pressure changes, there will be a change in current. For this, the voltage V has
to be kept constant.



The resistance R2 of the gauge is measured, by keeping the gauge current constant.



The null balance of the bridge circuit is maintained by adjusting the voltage or current.
This change is made with the help of a potentiometer and the change brought will be a
measure of the pressure produced.

Pirani gauge

An additional reference gauge can also be used in the adjacent arm of another pirani
gauge, in the bridge circuit. The additional gauge is evacuated and sealed, which helps
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in the compensation for variation in ambient temperature. For commercial use, the
range of the instrument can be extended from 10-3 Torr to 1 Torr.

The working of a thermocouple type vacuum gauge is very similar to that of a pirani
gauge. The only difference is that the hot wire temperature is measured directly with
a thermocouple which is attached to a wire. For different pressures, the temperature is
measured by the fine-wire thermocouple, the hating current being initially fixed by the
resistance as shown in the figure. This device is usually used for comparison purposes.
The sensitivity of such an instrument depends on the pressure and the wire current.

Thermocouple Type Vacuum Gauge
The figure below shows the working of thermocouple gauges for comparison purposes.
Two sets of thermocouples are used to measure temperatures of heater wires in the two
chambers and oppose each other. When there is a difference in pressures, there occurs
an unbalance which is measured by a potentiometer circuit. Instead of a single
thermocouple per wire, a thermopile is often chosen to increase sensitivity. The
thermocouple gauge is also composition dependent and needs empirical calibration for
the high vacuum range.
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Vacuum Comparison by Thermocouple Gauges
Cold Cathode Type
The cold cathode type ionization gauge is used to replace the hot cathode type, as it
produces errors at very high temperatures of the cathode. To overcome this problem,
the electrodes must be roperly treated before use. All these problems can be nullified
by vacuum measurement using cold cathode ionization gauge.
The device consists of two cathodes and a hollow anode in between. An input voltage
greater than 2 Kilovolt is applied between them. A strong magnetic field is produced
due to the applied voltage and thus the electrons are ejected. This causes the gauge to
operate. At pressures below 10-2 Torr, the mean free path of the gas is so large that a
collision may not occur at all so that discharge is not sustained or ionization may not be
initiated. This problem can be eliminated by a collimating magnetic field. This is shown
in the figure below.
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Ionization Gauge – Cold Cathode Type
The collimating magnetic field increases the path length for the electrons, enabling
discharges possible at pressures down to about 10-5 Torr. It is difficult to obtain linearity
between the meter reading and pressure as there occurs interactions between the
positive ions and electrons at high electric and magnetic fields.

Ionization Gauge – Hot Cathode Type
Ionization Gauge is a device that is used to measure vacuum. In the hot cathode type, a
column of gas is introduced into which, a potential difference V is applied with free
electron in the space. This causes the electron with a charge e to acquire a kinetic energy
Ve. If the pressure range of the gas in the column goes below a certain limit, called the
critical pressure, then corresponding to a voltage larger than the critical voltage Vc, the
energy Ve may be high enough to initiate ionization, and positive ions will be produced
when the electrons collide with the gas molecules.
The value of Vc is smallest for cesium (3.88V) and largest for helium (24.58V), among
monoatomic gases or vapours. For diatomic gases like N2, H2 and so on, it is roughly
about 15V. This is known as the ionization potential and at this potential the pressure is
also important.
At very low pressures, during the intervals of time for transit from the cathode to the
plate in a vacuum chamber, more than one collision is unlikely for an electron. Then for
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a fixed accelerating potential V>Vc, the number of positive ions formed would vary
linearly with the value of pressure. Thus, a determination of the rate of production of
positive ions for a given electron current should give a measure of the pressure.
Working
The construction of a hot cathode type ionization gauge consists of a basic vacuum
triode. The figure of an external control type hot cathode gauge is shown below.

External Type Ionization Gauge
The grid is maintained at a large positive potential with respect to the cathode and the
plate. The plate is at a negative potential with respect to the cathode. This method is
also known as the external control type ionization gauge as the positive ion collector is
external to the electron collector grid with reference to the cathode. The positive ions
available between the grid and the cathode will be drawn by the cathode, and those
between the grid and the plate will be collected by the plate.
The internal control type is shown below. Here the grid is the positive ion collector and
the plate is the electron collector.
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Internal Type Ionization Gauge
One of the most popularly used hot filament gauges for industrial applications is the
Bayard – Alpert type filament gauge. It consists of a helical grid with a potential of +150
volts. This huge potential attracts the electrons and thus causes gas ionization. At -30
volts, the gas ions are attracted to the central ion collector, thus producing an ion
current of 100mA/Torr. This value is then fed to the electronic systems to be amplified
and displayed.
The hot cathode ionization gauge is useful in measuring the total pressure of all the
gases present in the system. The biggest advantage of this device is its very small
response time. This is because of the devices small inertia. The device is used for
pressure measurement between the ranges of 10-8 to 10-3 Torr with an output current
varying between 10-9 to 10-4 A. But this range depends on the gas, other things
remaining constant.
Where the pressure is higher than 10-3 Torr, the positive ions make a greater impact on
the cathode to heat it up and ultimately destroy it. At pressure ranges below 10 -8 Torr,
in external control type, the electrons impact over the grid and radiates soft x-rays,
which results in the production of electrons from the plates as secondary emission.
These electrons produced will be of the same order as that of the positive ion current in
the plate circuit and thus neutralizes this current. Thus the internal control type is
known to be a better option to measure pressure as low as 10-9 Torr.
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When the cathode remains at very temperatures (say 3000 deg C), the gaseous matters
present inside may reset with the filament or with themselves particularly at different
pressure stages. This may causes the device to produce wrong outputs and may also
affect the cathode life. During extreme conditions of high temperatures and low
pressures, the presence of any gases inside the device, will be forcefully released, thus
causing the pressure to increase. Thus, the electrodes have to be properly treated before
use. This can be done only by passing high currents through the electrodes, especially
the filament and the grid and by high frequency heating of the plate. To overcome these
problems, the cold cathode type ionization gauge is also used by many.

Differential Pressure Transmitter:
Another common electrical pressure sensor design works on the principle of differential
capacitance. In this design, the sensing element is a taut metal diaphragm located
equidistant between two stationary metal surfaces, comprising three plates for a
complementary pair of capacitors. An electrically insulating fill fluid (usually a liquid
silicone compound) transfers motion from the isolating diaphragms to the sensing
diaphragm, and also doubles as an effective dielectric for the two capacitors:
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Any difference of pressure across the cell causes the diaphragm to flex in the direction
of least pressure. The sensing diaphragm is a precision-manufactured spring element,
meaning that its displacement is a predictable function of applied force. The applied
force in this case can only be a function of differential pressure acting against the
surface area of the diaphragm in accordance with the standard force-pressure-area
equation F = PA.
In this case, we have two forces caused by two fluid pressures working against each
other, so our force-pressure-area equation may be rewritten to describe resultant force
as a function of differential pressure (P1 − P2) and diaphragm area: F = (P1 − P2)A.
Since diaphragm area is constant, and force is predictably related to diaphragm
displacement, all we need now in order to infer differential pressure is to accurately
measure displacement of the diaphragm.
The diaphragm’s secondary function as one plate of two capacitors provides a
convenient method for measuring displacement. Since capacitance between conductors
is inversely proportional to the distance separating them, capacitance on the lowpressure side will increase while capacitance on the high-pressure side will decrease:
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A capacitance detector circuit connected to this cell uses a high-frequency AC excitation
signal to measure the different in capacitance between the two halves, translating that
into a DC signal which ultimately becomes the signal output by the instrument
representing pressure.
These pressure sensors are highly accurate, stable, and rugged. An interesting feature of
this design – using two isolating diaphragms to transfer process fluid pressure to a
single sensing diaphragm through an internal “fill fluid” – is that the solid frame
bounds the motion of the two isolating diaphragms such that neither one is able to force
the sensing diaphragm past its elastic limit.
As the illustration shows, the higher-pressure isolating diaphragm gets pushed toward
the metal frame, transferring its motion to the sensing diaphragm via the fill fluid. If too
much pressure is applied to that side, the isolating diaphragm will merely “flatten”
against the solid frame of the capsule and stop moving. This positively limits the
isolating diaphragm’s motion so that it cannot possibly exert any more force on the
sensing diaphragm, even if additional process fluid pressure is applied. This use of
isolating diaphragms and fill fluid to transfer motion to the sensing diaphragm,
employed in other styles of differential pressure sensor as well, gives modern
differential pressure instruments excellent resistance to over-pressure damage.
It should be noted that the use of a liquid fill fluid is key to this overpressure-resistant
design. In order for the sensing diaphragm to accurately translate applied pressure into
a proportional capacitance, it must not contact the conductive metal frame surrounding
it. In order for any diaphragm to be protected against overpressure, however, it must
contact a solid backstop to limit further travel. Thus, the need for non-contact
(capacitance) and for contact (overpressure protection) are mutually exclusive, making
it nearly impossible to perform both functions with a single sensing diaphragm. Using
fill fluid to transfer pressure from isolating diaphragms to the sensing diaphragm
allows us to separate the function of capacitive measurement (sensing diaphragm) from
the function of overpressure protection (isolation diaphragms) so that each diaphragm
may be optimized for a separate purpose.
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POST-MCQ:
1. Which of the following applications are suited for thin plate diaphragms?
a) Static pressure only
b) Dynamic pressure only
c) Both static and dynamic pressure with large frequency
d) Both static and dynamic pressure with small frequency
2. Which of the following quantities can be measured using bellows?
a) Absolute pressure
b) Gauge pressure
c) Differential pressure
d) All of the mentioned
3. Which of the following conversion take place in bourdon tubes?
a) Pressure to displacement
b) Pressure to voltage
c) Pressure to strain
d) Pressure to force
4. ‘Capsules are made from diaphragms’.
a) True
b) False
5. Which of the following devices convert pressure to displacement?
a) Diaphragm
b) Bellow
c) Capsule
d) Both diaphragm and capsule
References:
[1] https://www.engineeringclicks.com
[2] http://www.instrumentationtoday.com
[3] D. Patranabis, “Principles of Industrial Instrumentation”, Tata McGraw
Hill, 2ndEdition, New Delhi, Reprint2009.
[4] S. K. Singh, “Industrial Instrumentation & Control” 3rd Edition, Tata
McGraw Hill, Reprint 2009.
[5] K.Krishnaswamy & S.Vijayachitra, “Industrial Instrumentation” New age
International, Reprint 2008.
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UNIT 3
MEASUREMENT OF FLOW and LEVEL
AIM
To understand the various types of Flow and Level measurement techniques.
PRE-REQUISTIE:
 Sensors and Actuators
PRE-MCQ:
1. In _____________ velocity of fluid is constant on every point at a specific time.
a) Steady flow
b) Rotational flow
c) Non steady flow
d) None of the mentioned
2. If all particle of fluid has a path parallel to the wall, it is known as ____________
a) Stream line flow
b) Laminar flow
c) Viscous flow
d) All of the mentioned
3. Which of the following conversions take place in float element?
a) Level to force
b) Level to voltage
c) Level to displacement
d) None of the mentioned

Flow Measurement:
Flow, or volumetric flow rate, is simply the volume of fluid that passes per unit of time.
In water resources, flow is often measured in units of cubic feet per second (cfs), cubic
meters per second (cms), gallons per minute (gpm), millions of gallons per day (MGD),
or other various units.
Introduction:
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There are different types of flow measuring techniques that are used in industries. The
common types of flow meters that find industrial applications can be listed as below:
(a) Obstruction type (differential pressure or variable area)
(b) Inferential (turbine type)
(c) Electromagnetic
(d) Positive displacement (integrating)
(e) Fluid dynamic (vortex shedding)
(f) Anemometer
(g) Ultrasonic and
(h) Mass flow meter.
Obstruction type flow meter
Obstruction or head type flow meters are of two types: differential pressure type and
variable area type. Orifice meter, Venturimeter, Pitot tube fall under the first category,
while rotameter is of the second category. In all the cases, an obstruction is created in
the flow passage and the pressure drop across the obstruction is related with the flow
rate.
Basic Principle:
We consider the fluid flow through a closed channel of variable cross section. The
channel is of varying cross section and we consider two cross sections of the channel, 1
and 2. Let the pressure, velocity, cross sectional area and height above the datum be
expressed as p1, v1, A1 and z1 for section 1 and the corresponding values for section 2
be p2, v2, A2 and z2 respectively. We also assume that the fluid flowing is
incompressible.
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𝑄=

𝐶𝑑 𝐴2

2𝑔(𝑝1 − 𝑝2)
√
𝛾
√1 − 𝛽 2

Where γ is the specific weight of the fluid.
β as the ratio of the two diameters
Cd is defined as the ratio of the actual flow and the ideal flow and is always less than
one.
From the above expression, we can infer that if there is an obstruction in the flow path
that causes the variation of the cross sectional area inside the closed flow channel, there
would be difference in static pressures at two points and by measuring the pressure
difference, one can obtain the flow rate using the equation. However, this expression is
valid for incompressible fluids (i.e. liquids) only and the relationship between the
volumetric flow rate and pressure difference is nonlinear.
Orifice:
An Orifice Meter is basically a type of flow meter used to measure the rate of flow of
Liquid or Gas, especially Steam, using the Differential Pressure Measurement principle.
It is mainly used for robust applications as it is known for its durability and is very
economical. As the name implies, it consists of an Orifice Plate which is the basic
element of the instrument. When this Orifice Plate is placed in a line, a differential
pressure is developed across the Orifice Plate. This pressure drop is linear and is in
direct proportion to the flow-rate of the liquid or gas. Since there is a drop in pressure,
just like Turbine Flow meter, hence it is used where a drop in pressure or head loss is
permissible.
Working
As the fluid approaches the orifice the pressure increases slightly and then drops
suddenly as the orifice is passed. It continues to drop until the “vena contracta” is
reached and then gradually increases until at approximately 5 to 8
diameters downstream a maximum pressure point is reached that will be lower than
the pressure upstream of the orifice. The decrease in pressure as the fluid passes thru
the orifice is a result of the increased velocity of the gas passing thru the reduced area of
the orifice. When the velocity decreases as the fluid leaves the orifice the pressure
increases and tends to return to its original level. All of the pressure loss is not
recovered because of friction and turbulence losses in the stream. The pressure drop
across the orifice increases when the rate of flow increases. When there is no flow there
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is no differential. The differential pressure is proportional to the square of the velocity,
it therefore follows that if all other factors remain constant, then the differential is
proportional to the square of the rate of flow.

Types
Orifice Plates are normally mounted between a set of Orifice Flanges and are
installed in a straight run of smooth pipe to avoid disturbance of flow patterns
from fittings and valves. Orifice plates cover a wide range of applications
including fluid and other operating conditions. They give an acceptable level of
uncertainties at lowest cost and long life without regular maintenance.
Concentric is by far the most common, it’s used on most processes, but not
recommended for use on slurries or highly corrosive processes.
Eccentric Bore – Eccentric bore orifice plates are plates with the orifice off-center,
or eccentric, as opposed to concentric. Location of the bore prevents accumulation
of solid materials or foreign particles and makes it useful for measuring fluids
containing suspended solid particles. Eccentric bore orifice plates are more
uncertain as compared to the concentric orifice.
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Segmental Bore – The segmentally bored orifice plates contain a hole that is a
segment of a concentric circle. Like the eccentric orifice plate design, the segmental
hole should be offset downward in gas flow applications. Segmental bores are
generally used for measuring liquids or gases which carry non-abrasive impurities
such as sewage treatment, steel, chemical, water conditioning, paper and
petrochemical industries.

Venturi Meter
The major disadvantage of using orifice plate is the permanent pressure drop that is
normally experienced in the orifice plate as shown in fig.3. The pressure drops
significantly after the orifice and can be recovered only partially. The magnitude of the
permanent pressure drop is around 40%, which is sometimes objectionable. It requires
more pressure to pump the liquid. This problem can be overcome by improving the
design of the restrictions. Venturimeters and flow nozzles are two such devices. The
construction of a venturimeter is shown in figure. Here it is so designed that the change
in the flow path is gradual. As a result, there is no permanent pressure drop in the flow
path. The discharge coefficient Cd varies between 0.95 and 0.98. The construction also
provides high mechanical strength for the meter. However, the major disadvantage is
the high cost of the meter. Flow nozzle is a compromise between orifice plate and
venturimeter.
Construction
The entry of the venture is cylindrical in shape to match the size of the pipe through
which fluid flows. This enables the venture to be fitted to the pipe. After the entry, there
is a converging conical section with an included angle of 19’ to 23’. Following the
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converging section, there is a cylindrical section with minimum area called as the
throat. After the throat, there is a diverging conical section with an included angle of 5’
to 15’. Openings are provided at the entry and throat (at sections 1 and 2 in the
diagram) of the venture meter for attaching a differential pressure sensor (u-tube
manometer, differential pressure gauge, etc) as shown in diagram.

Working
The fluid whose flow rate is to be measured enters the entry section of the venturi meter
with a pressure P1. As the fluid from the entry section of venturi meter flows into the
converging section, its pressure keeps on reducing and attains a minimum value P2
when it enters the throat. That is, in the throat, the fluid pressure P2 will be minimum.
The differential pressure sensor attached between the entry and throat section of the
venturi meter records the pressure difference (P1-P2) which becomes an indication of
the flow rate of the fluid through the pipe when calibrated. The diverging section has
been provided to enable the fluid to regain its pressure and hence its kinetic energy.
Lesser the angle of the diverging section, greater is the recovery.
Applications of venturi meters
It is used where high pressure recovery is required.
Can be used for measuring flow rates of water, gases, suspended solids, slurries
and dirty liquids.
 Can be used to measure high flow rates in pipes having diameters in a few meters.
Advantages of venturi meters





Less changes of getting clogged with sediments
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Coefficient of discharge is high.
Its behaviour can be predicted perfectly.
Can be installed vertically, horizontally or inclinded.
Low pressure drop (around 10% of Δp)
Lower sensitivity to installation effects than orifice plates
Less susceptibility to damage
More suitable for gas flows with entrained liquid
Comprehensive standards (ISO 5167)
Limitations of venturi meters


















They are large in size and hence where space is limited, they cannot be used.
Expensive initial cost, installation and maintenance.
Require long laying length. That is, the veturimeter has ti be proceeded by a
straight pipe which is free from fittings and misalignments to avoid turbulence in
flow, for satisfactory operation. Therefore, straightening vanes are a must.
Low turndown (can be improved with dual range Δp cells)
Greater cost to manufacture
Greater susceptibility to “tapping errors” in high Reynolds number gas flows
owing to the high velocity fluid passing the pressure tapping at the throat.
Less experimental data than orifice plates

Flow Nozzle:
The flow nozzles are a flow tube consisting of a smooth convergent section leading to a
cylindrical throat area. The throat is the smallest section of the nozzle. Pressure taps are
located on the upstream side of the nozzle plate and on the downstream side of the
nozzle outlet. They may be in the form of an annular ring, i.e. equally spaced holes
connected together which open into the pipeline, or in the form of single holes drilled
into the pipeline.
As mentioned above, flow nozzles are primary elements in differential pressure flow
meters. These flow meters use the primary elements as an obstruction to generate a
pressure drop to calculate the flow rate. This is based on Bernoulli’s principle, according
to which any obstruction placed in the path of a flowing fluid will cause the velocity of
the fluid to increase and the pressure to decrease in the area of the obstruction.
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As the fluid passes through the nozzle, the obstruction causes the velocity of the fluid to
increase while its static pressure decreases simultaneously. At the point of maximum
convergence, i.e. at the vena contracta, the velocity is at its maximum and the pressure
is at its minimum. As the fluid exits the nozzles, its flow expands and the velocity
reduces and the pressure rises again. This difference in pressure before and after the
primary element is measured using differential pressure transmitters, also called
secondary elements
Applications of Flow Nozzle
1. It is used to measure flow rates of the liquid discharged into the atmosphere.
2. It is usually used in situation where suspended solids have the property of settling.
3. Is widely used for high pressure and temperature steam flows.
Advantages of flow Nozzle
1. Installation is easy and is cheaper when compared to venturi meter
2. It is very compact
3. Has high coefficient of discharge.
Disadvantages of flow Nozzle
1. Pressure recovery is low
2. Maintenance is high
3. Installation is difficult when compared to orifice flow meter.
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Rotameter:
A rotameter is a device that measures the flow rate of liquid or gas in a closed tube. It
belongs to a class of meters called variable area meters, which measure flow rate by
allowing the cross-sectional area the fluid travels through, to vary, causing a
measurable effect. A rotameter consists of a tapered tube, typically made of glass with a
‘float’, made either of anodized aluminum or a ceramic, actually a shaped weight,
inside that is pushed up by the drag force of the flow and pulled down by gravity. The
drag force for a given fluid and float cross section is a function of flow speed squared
only.

A higher volumetric flow rate through a given area increases flow speed and drag
force, so the float will be pushed upwards. However, as the inside of the rotameter is
cone shaped (widens), the area around the float through which the medium flows
increases, the flow speed and drag force decrease until there is mechanical equilibrium
with the float’s weight. Floats are made in many different shapes, with spheres and
ellipsoids being the most common. The float may be diagonally grooved and partially
colored so that it rotates axially as the fluid passes. This shows if the float is stuck since
it will only rotate if it is free. Readings are usually taken at the top of the widest part of
the float; the center for an ellipsoid, or the top for a cylinder. Some manufacturers use a
different standard. The “float” must not float in the fluid: it has to have a higher density
than the fluid; otherwise it will float to the top even if there is no flow. The mechanical
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nature of the measuring principle provides a flow measurement device that does not
require any electrical power.
A rotameter requires no external power or fuel, it uses only the inherent properties
of the fluid, along with gravity, to measure flow rate.
 A rotameter is also a relatively simple device that can be mass manufactured out of
cheap materials, allowing for its widespread use.
 Since the area of the flow passage increases as the float moves up the tube, the
scale is approximately linear.
 Clear glass is used this is highly resistant to thermal shock and chemical action.
Disadvantages:












Due to its use of gravity, a rotameter must always be vertically oriented and right
way up, with the fluid flowing upward.
Due to its reliance on the ability of the fluid or gas to displace the float,
graduations on a given rotameter will only be accurate for a given substance at a
given temperature. The main property of importance is the density of the fluid;
however, viscosity may also be significant. Floats are ideally designed to be
insensitive to viscosity; however, this is seldom verifiable from manufacturers’
specifications. Either separate rotameter for different densities and viscosities may
be used, or multiple scales on the same rotameter can be used.
Due to the direct flow indication the resolution is relatively poor compared to
other measurement principles. Readout uncertainty gets worse near the bottom of
the scale. Oscillations of the float and parallax may further increase the uncertainty
of the measurement.
Since the float must be read through the flowing medium, some fluids may
obscure the reading. A transducer may be required for electronically measuring
the position of the float.
Rotameter are not easily adapted for reading by machine; although magnetic floats
that drive a follower outside the tube are available.
Rotameter are not generally manufactured in sizes greater than 6 inches/150 mm,
but bypass designs are sometimes used on very large pipes.

Pitot Tube:
The Pitot tube is named after Henri Pitot who used a bent glass tube to measure
velocities in a river in France in the 1700s. Pitot tubes can be very simple devices with
no moving parts used to measure flow velocities.
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Pitot tubes are a common type of insertion flowmeter. The below figure shows the
basics for a Pitot tube, where a pressure is generated in a tube facing the flow, by the
velocity of the fluid.
This ‘velocity’ pressure is compared against the reference pressure (or static pressure) in
the pipe, and the velocity can be determined by applying a simple equation.

The tube inserted in the center of the pipe is used to measure Total Pressure and the
next second tube is used to measure the static pressure.
When the flow rate through the pipe changes, the pressures at the total pressure tube
and static pressure tube varies with respect to the flow velocities. The difference
between the total pressure and static pressure is used to measure the proportional flow
rate passing through the pipe.
A DP type transmitter is used to measure the difference between total pressure and
static pressure and it is converted into proportional flow rate.
In practice, two tubes inserted into a pipe would be cumbersome, and a simple Pitot
tube will consist of one unit as shown in Below Figure. Here, the hole measuring the
velocity pressure and the holes measuring the reference or static pressure are
incorporated in the same device.
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Because the simple Pitot tube (Above Figure ) only samples a single point, and, because
the flow profile of the fluid (and hence velocity profile) varies across the pipe, accurate
placement of the nozzle is critical. To avoid this type of problems by using averaging
Pitot tubes.

2∆𝑝
𝑈1 = √
𝜌
Where,
U1 is the fluid velocity in the pipe
∆p is Dynamic pressure – Static pressure
ρ is Density
Averaging Pitot tube
The averaging Pitot tube was developed with a number of upstream sensing tubes to
overcome the problems associated with correctly siting the simple type of Pitot tube.
These sensing tubes sense various velocity pressures across the pipe, which are then
averaged within the tube assembly to give a representative flowrate of the whole cross
section.
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Advantages of the Pitot tube
1. Presents little resistance to flow.
2. Inexpensive to buy.
3. Simple types can be used on different diameter pipes.
Disadvantages of the Pitot tube:
1. Turndown is limited to approximately 4:1 by the square root relationship
between pressure and velocity.
2. If steam is wet, the bottom holes can become effectively blocked. To counter this,
some models can be installed horizontally.
3. Sensitive to changes in turbulence and needs careful installation and
maintenance.
4. The low pressure drop measured by the unit, increases uncertainty, especially on
steam.
5. Placement inside the pipe work is critical.
Applications for the Pitot tube:
1. Occasional use to provide an indication of flow rate
2. Determining the range over which a more appropriate steam flow meter may be
used.
Turbine flow meter:
Turbine Flow Meter is a volumetric measuring turbine type. The flowing fluid engages
the rotor causing it to rotate at an angular velocity proportional to the fluid flow rate.
The angular velocity of the rotor results in the generation of an electrical signal (AC sine
wave type) in the pickup. The summation of the pulsing electrical signal is related
directly to total flow.
Course Material

Page 71

Industrial Instrumentation
The frequency of the signal relates directly to flow rate. The vaned rotor is the only
moving part of the flow meter.

The Turbine flow meter (axial turbine) was invented by Reinhard Woltman and is an
accurate and reliable flow meter for liquids and gases. It consists of a flow tube with
end connections and a magnetic multi bladed free spinning rotor (impeller) mounted
inside; in line with the flow. The rotor is supported by a shaft that rests on internally
mounted supports.
The Supports in Process Automatics Turbine Flow Meters are designed to also act as
flow straighteners, stabilizing the flow and minimizing negative effects of turbulence.
The Supports also house the unique open bearings; allowing for the measured media to
lubricate the bushes – prolonging the flow meters life span. The Supports are fastened
by locking rings (circlips) on each end.

Course Material

Page 72

Industrial Instrumentation
The rotor sits on a shaft, which in turn is suspended in the flow by the two supports. As
the media flows, a force is applied on the rotor wings. The angle and shape of the wings
transform the horizontal force to a perpendicular force, creating rotation. Therefore, the
rotation of the rotor is proportional to the applied force of the flow.
Because of this, the rotor will immediately rotate as soon as the media induces a
forward force. As the rotor cannot turn thru the media on its own, it will stop as soon as
the media stops. This ensures an extremely fast response time, making the Turbine Flow
Meter ideal for batching applications.
A pick-up sensor is mounted above the rotor. When the magnetic blades pass by the
pickup sensor, a signal is generated for each passing blade. This provides a pulsed
signal proportional to the speed of the rotor and represents pulses per volumetric unit.;
and as such the flow rate too.
Advantages
1. Very good at clean
2. Cost is very low
3. low viscosity fluids of moderate velocity and a steady rate.
4. Turndown is very good as it can read very low compared to the maximum flow.
5. They are reliable if put in a clean fluid especially if it has some lubricity.
6. AGA and API approved for custody transfers.
Disadvantages
1. They do cause some pressure drop where that may be a factor such as gravity
flows.
2. Not reliable for steam
3. Bearings wear out.
Applications
1.
2.
3.
4.
5.
6.
7.

these are used in oil and gas,
water and waste water,
gas utility,
chemical,
power, food and beverage,
aerospace, pharmaceutical,
Metals and mining, and pulp and paper.
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Positive Displacement Flow Meter:
Positive Displacement (PD) Flow meters are volumetric flow measurement
instruments that measure flow by passing a precise volume of fluid with each
revolution. PD flow meters are precision instruments whose internal moving
components are hydraulically locked in tandem with the volume of fluid moving
through the flow meter.
The result is that the meter can measure intermittent flows, very low flow rates, and
liquids of almost any viscosity. The PD meter instantly moves when there is fluid
motion, and instantly stops when the fluid motion stops.
This type of measurement is not affected by the liquid’s viscosity, density or the
turbulence in the pipe. All incompressible fluids will occupy the same volume and there
is no need to correct the meter’s output to compensate for these factors.
Positive Displacement Meter is a type of flow meter that requires fluid to mechanically
displace components in the meter in order for flow measurement. Positive displacement
(PD) flow meters measure the volumetric flow rate of a moving fluid or gas by dividing
the media into fixed, metered volumes (finite increments or volumes of the fluid).
A basic analogy would be holding a bucket below a tap, filling it to a set level, then
quickly replacing it with another bucket and timing the rate at which the buckets are
filled (or the total number of buckets for the “totalized” flow). With appropriate
pressure and temperature compensation, the mass flow rate can be accurately
determined.
These devices consist of a chamber(s) that obstructs the media flow and a rotating or
reciprocating mechanism that allows the passage of fixed-volume amounts. The number
of parcels that pass through the chamber determines the media volume.
The rate of revolution or reciprocation determines the flow rate. There are two basic
types of positive displacement flow meters. Sensor-only systems or transducers are
switch-like devices that provide electronic outputs for processors, controllers, or data
acquisition systems.
Types of Positive Displacement Flow Meters
1. Reciprocating or oscillating piston
Each piston is mechanically or magnetically operated to fill a cylinder with the fluid
and then discharge the fluid. Each stroke represents a finite measurement of the fluid.
2. Gear
Gear flow meters rely on internal gears rotating as fluid passes through them. There are
various types of gear meters named mostly for the shape of the internal components
 Oval Gear
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Two rotating oval gears with synchronized teeth “squeeze” a finite amount of fluid
through the meter for each revolution. With oval gear flow meters, two oval gears or
rotors are mounted inside a cylinder.
As the fluid flows through the cylinder, the pressure of the fluid causes the rotors to
rotate. As flow rate increases, so does the rotational speed of the rotors.


Helical Gear

Helical gear flow meters get their name from the shape of their gears or rotors. These
rotors resemble the shape of a helix, which is a spiral-shaped structure.
As the fluid flows through the meter, it enters the compartments in the rotors, causing
the rotors to rotate. Flow rate is calculated from the speed of rotation.
3. Nutating disk
A disk mounted on a sphere is “wobbled” about an axis by the fluid flow and each
rotation represents a finite amount of fluid transferred. A nutating disc flow meter has a
round disc mounted on a spindle in a cylindrical chamber.
By tracking the movements of the spindle, the flow meter determines the number of
times the chamber traps and empties fluid. This information is used to determine flow
rate.
4. Rotary vane
A rotating impeller containing two or more vanes divides the spaces between the vanes
into discrete volumes and each rotation (or vane passing) is counted.
5. Diaphragm
Fluid is drawn into the inlet side of an oscillating diaphragm and then dispelled to the
outlet. The diaphragm oscillating cycles are counted to determine the flow rate.
PD Meters types
PD flow meters are mainly named after the inbuilt mechanical device in the meter unit.
Various types of positive displacement flow meters are available for industrial use. All
these types are based on the common operating principle. Besides, they all are
volumetric flow measuring devices.
Major types of positive displacement flow meters are mentioned below:
Reciprocating Piston Meters
These are also known as oscillating piston flow meters. These are one of the oldest
positive displacement type flow meter designs. These types of meters are mainly of
single or multiple-piston types.
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Other types available are double acting pistons and rotary pistons. Selection of a
particular type of piston meter depends on the range of flow rates necessary for an
application.
Although piston meters are smaller in size and considered apt for handling only low
flows of viscous liquids, yet they are proficient enough to deal with an extensive range
of liquids. Major application areas of a reciprocating piston meter include viscous fluid
services like oil metering on engine test stands, specifically where turndown ratio is not
considered much crucial.
Also these meters can be employed on residential water service where they tend to pass
partial quantities of dirt and fine sand along with water.

Oval-shaped gears
These types of meters consist of two rotating, oval-shaped gears constructed with
synchronized, close fitting teeth. In an oval gear meter, the rotation of gear shafts causes
a fixed amount of liquid to pass through the meter. By monitoring the number of shaft
rotations, one can calculate liquid flow rate.
These types of meters prove to be very accurate when slippage between the housing
and the gears is set very small. Turndown ratio of an oval gear meter gets influenced by
the lubricating properties of the process fluid.
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Nutating disk Meters
These are the widely used positive displacement type flow meters. They consist of a
movable disk which is positioned on a concentric sphere situated inside a spherical
side-walled unit. Universally, they are employed as residential water meters.
They exist in various sizes and capacities and can be constructed from a wide range of
materials. Their typical size range varies from 5/8-in to 2-in sizes. They are ideal for
pressure ranges around 150-psig with an upper limit of 300 psig.
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Rotary vane Meters
These types of meters exist in different designs. However, they all work on the same
operating principle. These meters basically include uniformly divided rotating
impellers with two or more compartments inside the chamber. The number of rotations
of the impeller are counted and recorded in volumetric units. These types of meters are
frequently employed in the petroleum industry.
Based upon the construction material, maximum pressure and maximum temperature
limits of rotary vane meters are 350°F and 1,000 psig respectively. Their Viscosity limit
ranges between 1 and 25,000 centipoises.

Helix Meters
These types of meters are made up of two radically pitched helical rotors which results
in an axial liquid displacement from one side of the chamber to the other side.
Both the rotors are geared together and there is a very small clearance between the
rotors and the casing.
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Electromagnetic Flow Meter:
Electromagnetic Flow Meters are based on FARADAY’S LAW INDUCTION. These
meters are also called as Magnetic or Electromagnetic Flow Meters. A magnetic field is
applied to the metering tube, which results in a potential difference proportional to the
flow velocity perpendicular to the flux lines. The physical principle at work is
electromagnetic induction and mathematically,
E=k*B*D*V
where,


E=Induced Voltage (Linear with velocity).



k=Proportionality Constant.



B=Magnetic Field Strength (Coil Inductance).



D=Distance between electrodes.



V=Velocity of process fluids.

The induced voltage (E) is directly proportional to the velocity (V) of the fluid moving
through the magnetic field (B). The induced voltage is carried to the transmitter
through the electrode circuit. The transmitter then converts this voltage into a
quantifiable flow velocity. The volumetric flow rate of the fluid is calculated using this
known velocity along with the area of the pipe.

When a flow meter is installed and activated, its operations begin with a pair of
charged magnetic coils. As energy passes through the coils, they produce a magnetic
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field that remains perpendicular to both the conductive fluid being measured and the
axis of the electrodes taking measurements. The fluid moves along the longitudinal
axis of the flow meter, making any generated induced voltage perpendicular to the
field and the fluid velocity. An increase in the flow rate of the conductive fluid will
create a proportionate increase in the voltage level.
The meter features flanged construction and is available with a choice of liner and
electrode material. All meters consist of a sensor and a converter that may be mounted
integral to the sensor or remotely either with a field mount kit.
Advantages of Electromagnetic Flow Meter
(i) The obstruction to the flow is almost nil and therefore this type of meters can be used
for measuring heavy suspensions, including mud, sewage and wood pulp.
ii) There is no pressure head loss in this type of flow meter other than that of the length
of straight pipe which the meter occupies.
(iii) They are not very much affected by upstream flow disturbances.
(iv) They are practically unaffected by variation in density, viscosity, pressure and
temperature.
(v) Electric power requirements can be low (15 or 20 W), particularly with pulsed DC
types.
(vi) These meters can be used as bidirectional meters.
(vii) The meters are suitable for most acids, bases, water and aqueous solutions because
the lining materials selected are not only good electrical insulators but also are
corrosion resistant.
(viii) The meters are widely used for slurry services not only because they are
obstruction less but also because some of the liners such as polyurethane, neoprene and
rubber have good abrasion or erosion resistance.
(ix) They are capable of handling extremely low flows.
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Disadvantages of Magnetic Flow Meter
(i) These meters can be used only for fluids which have reasonable electrical
conductivity.
(ii) Accuracy is only in the range of ± 1% over a flow rate range of 5%.
(iii) The size and cost of the field coils and circuitry do not increase in proportion to
their size of pipe bore. Consequently small size meters are bulky and expensive.
Applications of Magnetic Flow Meters
This electromagnetic flow meter being non intrusive type, can be used in general for
any fluid which is having a reasonable electrical conductivity above 10
microsiemens/cm.
Fluids like sand water slurry, coal powder, slurry, sewage, wood pulp, chemicals, water
other than distilled water in large pipe lines, hot fluids, high viscous fluids specially in
food processing industries, cryogenic fluids can be metered by the electromagnetic flow
meter.
Ultrasonic Flow Meter:
An ultrasonic flow meter utilizes ultrasound to measure the velocity of a fluid and is
used in a variety of fluid applications. Ultrasonic flowmeters are ideal for water and
other liquids. Clamp-on ultrasonic flow meters achieve high accuracy at low and high
flows, save time with no pipe cutting or process shutdown, and are not affected by
external noise.
Ultrasonic flow meters use sound waves at a frequency beyond the range of hearing
(typically 0.5, 1, or 4 MHz). This ultrasound signal is sent into a stream of flowing liquid
by using wetted (insertion) transducers that make direct contact with the liquid or
external (clamp-on) transducers that send the ultrasound through the pipe wall. Clampon ultrasonic flow meters allow users to measure the volumetric flow rate of a fluid in a
pipe without having to penetrate the pipe which decreases installation and maintenance
costs.
A typical transit-time ultrasonic liquid flow meter utilizes two ultrasonic transducers
that function as both ultrasonic transmitter and receiver. The ultrasonic flow meter
operates by alternately transmitting and receiving a burst of ultrasound between the
two transducers by measuring the transit time that it takes for sound to travel between
the two transducers in both directions. The difference in the transit time (∆ time)
measured is directly proportional to the velocity of the liquid in the pipe.
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Below is a drawing of a typical application using the most common, V (2 pass)
mounting method with clamp-on transducers. In this application, the ultrasound is
transmitted from the first transducer and travels through the pipe wall, through the
liquid, then reflects off the back wall of the pipe, then travels through the pipe wall, and
is picked up by the second transducer.
The same process is then repeated in reverse as the second transducer transmits the
ultrasound. The time difference between the times of flight up and down is the ∆ Time.
When the liquid in the pipe is not moving, the ∆ Time would be zero.

To calculate the velocity of the liquid, you need to convert the raw ∆ Time into the
velocity of the liquid in the pipe. The angle of the ultrasound path is calculated by
knowing the speed of sound of the pipe and the liquid. This angle is used in a common
trigonometry equation to convert the ultrasound path into a straight line in the pipe.
This will be the velocity of the liquid in the pipe.
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Once the velocity is known, it’s just a matter of converting it into a flow rate by
multiplying it times the cross-sectional area of the pipe, as with any velocity based flow
meter.
Advantages:
Ease-of-Installation: The largest benefit of any “clamp-on” transit-time flow meter is
the ease-of-installation. While still requiring sections of straight pipe upstream of the
measurement location, the process does not require shutting the system down to install,
making maintenance and upkeep of transit-time meters much more attractive.
Low maintenance: There are no blades to wear out or bearings to replace as in turbine
meters, nor are there electrodes that can foul over time as in magnetic flow meters.
Open Channel Flow Meter:
The common method of measuring flow through an open channel is to measure the
height or HEAD of the liquid as it passes over an obstruction (a flume or weir) in the
channel. Using ultrasonic level technology, Open channel flow meters include a noncontacting sensor mounted above the flume or weir. By measuring the time from
transmission of an ultrasonic pulse to receipt of an echo, the water level or “Head” is
accurately measured.
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Flumes and weirs are specially designed channel shapes that characterize the flow of
water.
Common types are
Rectangular Weirs,
V-Notch Weirs,
Parshall flumes and
Palmer Bowlus flumes.
The choice of flume or weir type depends on the application: flow rate, channel shape
and solids content of the water.





Solid Flow Meter
There are several different versions of solids flowmeter. In this article we will discuss
and evaluate these, so that you too will have the right tool for your industrial flow
application.
There are a handful of technologies used for metering the flow of solids:
Impact Flow meter – the most popular form of solids flow meter, impact meters, as they
are often called, guide the material through an infeed pipe or chute and create a specific
trajectory
for
the
material
to
strike
a
flat
sensing
plate.
The amount of force the impact creates is measured by means of load cells or an LVDT
(linear variable differential transformer). As the plate is deflected by the force of the
material, the load cell or LVDT deflects and generates a signal, which is converted into a
flow rate by an integrator. Impact Flow meters has two distinct Advantages. First, they
can handle very low to very high flow rates. Second, material buildup on the sensing
plate does not affect their accuracy or repeatability, as only the horizontal force of
impact causes a deflection on the sensor. Any additional weight, e.g. if some material
sticks, does not shift the output of the system.
Centripetal Flowmeter(Higher Accuracy) – this is a variation on the impact design. A
centripetal solids flowmeter guides the material through a curved sensing plate, which
is connected to one or more load cells. The material must be guided in parallel to the
sensing plate as it enters the curve, and the tangential force exerted on the load cell(s) is
transmitted to the integrator and then converted into a flow rate.
Coriolis Flowmeter(High flow and Accuracy, higher Power Usage) – the solids coriolis
flowmeter does not use the same principle as a liquid coriolis meter. In a solids
application, material enters the flowmeter and is directed onto rotating vanes driven by
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a motor. The motor is connected to a torque arm, which is mounted to a load cell. As the
amount of material fed into the coriolis meter increases, the torque on the motor
increases. The load cell detects this increase and sends a signal to an integrator, which
translates it into a flow rate.
Microwave Flowmeter (Low Cost but lower Accuracy)– one of the lesser-used
technologies, microwave or radar flowmeters, emits a 24 or 125 GHz microwave into
the material flow in a pipe or chute. Based on the Doppler principle, the change in
microwaves reflected back to the sensor is measured and transmitted as a 4 to 20 mA
signal for scaling in a PLC system to become a flow rate. Microwave-based products can
be used in pneumatically-fed systems, as the extra force of the material flow does not
affect the measurement as is the case with the three technologies discussed above .
Capacitive Flowmeter (Simple Installation, lower Accuracy)– solids flow sensors using
capacitance are based on two independent measurements. One is the change in
capacitance from an empty pipe to a full pipe, which is proportional to the
concentration of the material. The other is a velocity measurement, which uses two
sensors to indicate the time it takes for the material to move from the first sensor to the
second. The signals from these measurements are then fed into an integrator, which
outputs a flow rate. Capacitive measurement can also be used with pneumatic systems.
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Level Measurement:
1. Direct Method
 Sight Glass Type Level Measurement
 Float type
2. Indirect Method
 Electrical method
 Resistive
 Capacitive
 Ultrasonic
Sight Glass Type Level Measurement
Use of a sight glass is probably the simplest method of measuring liquid level. The
sight glass is attached to the outside of the tank so that the liquid level can be seen
through the glass. The sight glass is marked with graduations to allow the level to be
measured. The main disadvantage of this method is that it only gives level indication
local to the vessel. A visual indication of the level can be obtained when part of the
vessel is constructed from transparent material or the liquid in a vessel is bypassed
through a transparent tube. The advantage of using stop valves with the use of a bypass
pipe, is the ease in removal for cleaning.
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Float Type Level Indicator:
Float devices use the buoyancy of a float to indicate the liquid level in the tank. One
common approach is to attach the float to a chain. The chain is attached to a
counterweight which indicates the level as the float moves up and down. These types of
device are often found on large atmospheric storage tanks.
There are two main types of buoyancy tape systems available:
Float and tape systems
Wire guided float detectors
Float and Tape Systems
One common form of level measuring system uses a tape or servo motor which is
connected to a float. The height can be read as the float moves with liquid level.
Float devices use the buoyancy of a float to indicate the liquid level in the tank. One
common approach is to attach the float to a chain. The chain is attached to a
counterweight which indicates the level as the float moves up and down. These types
of device are often found on large atmospheric storage tanks.



Other devices transfer the buoyancy force to a metering device using a torque tube. The
float is connected to the torque tube which twists as the height of the displacement
device changes. The twisting force drives the position of a pointer which then indicates
liquid level. For some applications – where the liquid is corrosive, toxic or in some way
hazardous – a magnetic level gauge is used. The float contains a magnet which changes
the orientation of small indicator wafers as it moves up and down.
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Other systems use the float method by sensing the position of the float magnetically or
electrically. Float systems can also be used when measuring granular solids as well as
liquids.
Disadvantages
 High maintenance
 Expensive
Wire guided float level detector
For large level measurements (ie. 20m), wire-guided float detectors can be used. The
guide wires are connected to top and bottom anchors and assist in positioning the float
as it moves with the fluid level. The tape is connected to the top of the float and runs
directly up and over pulleys then down to the gauging head which is outside the tank
at a suitable level for viewing.
The perforated tape is received in the gauge head by a sprocketed counter drive. Any
slackness in the tape is taken up by the tape storage reel which is tensioned.
Tensioning of the tape storage reel is sufficient to ensure correct measurement, while
not affecting the position of the float.
The shaft on the counter drive rotates as the float moves the perforated tape up and
down. The rotary motion of the shaft is used to give a metric readout.



In atmospheric conditions, a seal is used to protect the sensing head from the
process fluid. However in pressurized applications, it is better to fill the head
with the sensing fluid, particularly if the fluid is clean and lubricating.

Application Limitations
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Float and tape systems have a common problem with the tape hanging up. This
often occurs if the long guide pipes are not perfectly vertical, where the tape rubs
against the inside of the pipes.



Another common problem is with corrosion or dirt, where the tape can be held
in place while the float is moving. These problems are more likely to result in a
lower than actual reading.



The force from the float weight is usually great enough to overcome the friction
of the tape against the impurities, whereas the force of the take-up device may
not. Tanks controlled using tape level gauges will often overflow when the tape
is stuck.



This problem can be protected against by the use of a separate high level switch.



More advanced controllers are available that monitor tank capacity and pumping
rates to check the actual level, rate of change and direction of change.

Displacer Type Level detector:
Displacer level detector use Archimedes’ Principle to observe liquid level by
unendingly measurement the load of a displacer rod immersed within the process
liquid. The displacer is cylindrical in form with a continuing cross-sectional area and
created long or short as needed. Normal heights range from fourteen inches to one
hundred twenty inches. As liquid level can increase, the displacer rod experiences a
bigger buoyant force, creating it appear lighter to the sensing instrument, that interprets
the loss of weight as a rise in level and transmits a proportional output signal. As liquid
level decreases, the buoyant force on the displacer rod decreases with a corresponding
weight increase that is understood as decreasing level by the level detector that then
provides a corresponding signal output.
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Although the fundamental theory of operation has been outlined, in a very practical
displacer level sensor, the construction is built to attain the specified measuring
objective
with
sophisticated
electronic
circuitry.
In these kinds of displacer level sensors, the displacer is connected to a spring that
restricts its movement for every increment of buoyancy (i.e. level change).
A transmitter incorporating a Linear Variable Differential transformer (LVDT) is
employed to trace the increase and fall of the displacer rod as liquid level changes.
Sophisticated electronics is then accustomed process the voltage signal from the LDVT
into a 4-20mA o/p signal.
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Bubble Type Level Detector:
In the bubble type level system, liquid level is determined by measuring the pressure
required to force a gas into a liquid at a point beneath the surface. This method uses a
source of clean air or gas and is connected through a restriction to a bubble tube
immersed at a fixed depth into the vessel. The restriction reduces the airflow to a very
small amount. As the pressure builds, bubbles are released from the end of the bubble
tube. Pressure is maintained as air bubbles escape through the liquid. Changes in the
liquid level cause the air pressure in the bubble tube to vary. At the top of the bubble
tube is where a pressure sensor detects differences in pressure as the level changes.
Most tubes use a small V-notch at the bottom to assist with the release of a constant
stream of bubbles. This is preferable for consistent measurement rather than
intermittent large bubbles.
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The Bubbler System is an inexpensive but accurate means of measuring the fluid level
in open or vented containers, especially those in harsh environments such as cooling
tower sumps, swimming pools, reservoirs, vented fuel tanks, drain sumps, air washers,
etc. The system consists of a source of compressed air, air flow restrictor, sensing tube
and pressure transmitter. The only component of the Bubbler System that is exposed to
the elements is the sensing tube. All other components can be remotely located in a
protected area.
The sense tube is installed in the tank and connected to the pressure transmitter and the
air supply through the flow restrictor as shown in Figure. Since the pressure required to
displace the liquid is determined by the depth of the fluid, the transmitter output
indicates the fluid depth above the open end of the sense tube.
Working
Bubblers, are all hydrostatic measurement devices. This technology is used in vessels
(tanks) that operate under atmospheric pressure. A dip tube having its open end near
the vessel bottom carries a purge gas (typically air, although an inert gas such as dry
nitrogen may be used when there is danger of contamination of or an oxidative reaction
with the process fluid) into the tank.
As gas flows down to the dip tube’s outlet, the pressure in the tube rises until it
overcomes the hydrostatic pressure produced by the liquid level at the outlet. That
pressure equals the process fluid’s density multiplied by its depth from the end of the
dip tube to the surface and is monitored by a pressure transducer connected to the tube.
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Advantages
1. Simple assembly
2. Suitable for use with corrosive fluids.
3. Intrinsically safe
4. High temp applications
Disadvantages
1. Requires compressed air and installation of air lines
2. Build-up of material on bubble tube not permissible
3. Not suited to pressurized vessels
4. Mechanical wear
Application Limitations
1. Bubble tube devices are susceptible to density variations, freezing and plugging
or coating by the process fluid or debris. The gas that is used can introduce
unwanted materials into the process as it is purged.
2. Also the device must be capable of withstanding the maximum air pressure
imposed if the pipe should become blocked.
Diaphragm level measurement:
Hydrostatic level transmitters, or pressure level transmitters, use the pressure exerted
by a resting body of fluid in a container to determine how much of it is in the container.
Basically, the more force the liquid exerts on the container, and thus the sensor, the
more liquid there is present in the container.
This is one of the most common types of fill level detection technologies. However, to
ensure accuracy, the density of the liquid being measured must remain consistent. As
the specific gravity of the liquid increases, the pressure it exerts on the transmitter per
cubic inch goes up too.

So, these types of level transmitters are sometimes less useful for applications where a
liquid might have variable density because of impurities or other factors.
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Differential Level transmitter:
Hydrostatic head instruments for measuring liquid level in vessels operating above
atmospheric pressure uses the full capability of the differential pressure instruments
with both sides of the measuring element connected to the vessel. The differential
pressure transmitter enables an automatic subtraction of the pressure on the LP side,
from the total pressure appearing at the HP side. This is accomplished as shown in
diagram above, where the LP is connected above the maximum predicted level. With
this arrangement, each increment of pressure above the liquid surface is applied to both
capsule assemblies of the transmitter, and since they are in opposition, the increment is
cancelled. Only the hydrostatic pressure, which is applied to the HP, is effective in
causing any response to the transmitter, which is proportional to the level.
The DP transmitter have inbuilt pressure sensors like Diaphragm, capsules, strain
gauges etc to measure the differential pressure. The pressure sensor converts the
measured pressure into parameters like millivolts, capacitance, resistance etc depending
on the type of pressure sensor we are using inside the DP transmitter. Generally a
Wheatstone bridge will be used to convert resistance; capacitance or inductance type of
pressure sensor outputs into electrical signal like milivolts or volts which is
proportional to the pressure, then transmitter converts the pressure into equivalent
Level Signal accordingly.

The tank bottom tapping point is High pressure (HP) tapping point and Tank top
tapping is Low Pressure (LP) tapping point. The DP Transmitter is connected at these
HP & LP tapping points accordingly.
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The DP Transmitter calibration parameters will vary depending on installation & seal
system also. Generally we can see three possibilities of installation of a transmitter in
the field.
They are :
1. Transmitter installed Exactly at HP tapping point ( Ideal & preferred way of
installation)
2. Transmitter installed above HP tapping point ( Not preferable, Chance of bubble
formation in the impulse line)
3. Transmitter installed below HP tapping point (Error can be compensated
effectively)
So we have to calibrate the transmitter depending on the type of installation in the field.
Electrical Type Level Measurement:
Resistance Level Detector:
Resistance Level Detectors detects level changes by the change in resistance of a
partially submerged electrical element.
Construction of Resistance Level Detectors
The electrical sensing element consist of a precision-wound helix resistor that has about
28 contacts per foot.An outer jacket of flexible protective material also acts as a pressure
receiving diaphragm.
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Principle of Operation - Resistance Level Detector
The pressure of the liquid in the tank acts upon the jacket-diaphragm and causes the
resistance element to contact the steel base trip. Below the surface of the liquid,the
resistor is shorted. The resistor remains unshorted above the surface,and it is this
portion that is metered to provide the level reading. Two wires from the sensor top
transmit an electrical resistance signal that is related to the distance from the tank top to
the surface of the liquid. Typically 1 ohm is equal to 1 cm.
Advantages of Resistance of Level detector
The sensor strip remains fixed in position has no moving parts and provides a
continuous indication of resistance. The windings these sensors are purely resistive,
they cannot store or release electrical energy. Thus resistance sensors qualify as
intrinsically safe devices and can be used with explosive liquids and dust.

Capacitance Level Measurement:
Capacitive level transducer is an example of indirect measurement of level. Capacitance
level sensors are used for wide variety of solids, aqueous and organic liquids, and
slurries. The technique is frequently referred as RF as radio frequency signals applied to
the capacitance circuit. The sensors can be designed to sense material with dielectric
constants as low as 1.1 (coke and fly ash) and as high as 88 (water) or more. Sludge’s
and slurries such as dehydrated cake and sewage slurry (dielectric constant approx. 50)
and liquid chemicals such as quicklime (dielectric constant approx. 90) can also be
sensed. Dual-probe capacitance level sensors can also be used to sense the interface
between two immiscible liquids with substantially different dielectric constants.
Since capacitance level sensors are electronic devices, phase modulation and the use of
higher frequencies makes the sensor suitable for applications in which dielectric
constants are similar.
Working Principle:
The principle of capacitive level measurement is based on change of capacitance. An
insulated electrode acts as one plate of capacitor and the tank wall (or reference
electrode in a non-metallic vessel) acts as the other plate. The capacitance depends on
the fluid level. An empty tank has a lower capacitance while a filled tank has a higher
capacitance.
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A simple capacitor consists of two electrode plate separated by a small thickness of an
insulator such as solid, liquid, gas, or vacuum. This insulator is also called as dielectric.
Value of C depends on dielectric used, area of the plate and also distance between the
plates.
C = E.(K . A/d)
Where:
C = capacitance in picofarads (pF)
E = a constant known as the absolute permittivity of free space
K = relative dielectric constant of the insulating material
A = effective area of the conductors
d = distance between the conductors
This change in capacitance can be measured using AC bridge.
Measurement:
Measurement is made by applying an RF signal between the conductive probe and the
vessel wall.
The RF signal results in a very low current flow through the dielectric process material
in the tank from the probe to the vessel wall. When the level in the tank drops, the
dielectric constant drops causing a drop in the capacitance reading and a minute drop
in current flow.
Course Material

Page 97

Industrial Instrumentation
This change is detected by the level switch’s internal circuitry and translated into a
change in the relay state of the level switch in case of point level detection. In the case of
continuous level detectors, the output is not a relay state, but a scaled analog signal.
Level Measurement can be divided into three categories:
Measurement of non-conductive material
Measurement of conductive material
Non-contact measurement
Non-conducting material:
For measuring level of non conducting liquids, bare probe arrangement is used as
liquid resistance is sufficiently high to make it dielectric. Since the electrode and tank
are fixed in place, the distance (d) is constant, capacitance is directly proportional to the
level of the material acting as dielectric.




Conducting Material:
In conducting liquids, the probe plates are insulated using thin coating of glass or
plastic to avoid short circuiting. The conductive material acts as the ground plate of the
capacitor.
Proximity measurements (Non-contact type measurements):
In Proximity level measurement is the area of the capacitance plates is fixed, but
distance between plates varies.
Proximity level measurement does not produce a linear output and are used when the
level varies by several inches.
Advantages of Capacitive level measurement:
1. Relatively inexpensive
2. Versatile
3. Reliable
4. Requires minimal maintenance
5. Contains no moving parts
6. Easy to install and can be adapted easily for different size of vessels
7. Good range of measurement, from few cm to about 100 m
8. Rugged
9. Simple to use
10. Easy to clean
11. Can be designed for high temperature and pressure applications.
Applications:
Capacitance Level Probes are used for measuring level of
1. Liquids
2. Powered and granular solids
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3. Liquid metals at very high temperature
4. Liquefied gases at very low temperature
5. Corrosive materials like hydrofluoric acid
6. Very high pressure industrial processes.
Disadvantages:
Light density materials under 20 lb/ft3 and materials with particle sizes exceeding 1/2
in. in diameter can be a problem due to their very low dielectric constants (caused by
the large amount of air space between particles)
Ultrasonic Level Sensor
When ultrasonic pulse signal is targeted towards an object, it is reflected by the object
and echo returns to the sender. The time travelled by the ultrasonic pulse is calculated,
and the distance of the object is found. Bats use well known method to measure the
distance while travelling. Ultrasonic level measurement principle is also used to find
out fish positions in ocean, locate submarines below water level, also the position of a
scuba diver in sea.

An ultrasonic level transmitter is fixed at the top of a tank half filled with liquid. The
reference level for all measurements is the bottom of the tank. Level to be detected is
marked as “C”, and “B” is the distance of the ultrasonic sensor from the liquid level.
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Ultrasonic pulse signals are transmitted from the transmitter, and it is reflected back to
the sensor. Travel time of the ultrasonic pulse from sensor to target and back is
calculated. Level “C” can be found by multiplying half of this time with the speed of
sound in air. The measuring unit final result can be centimeters, feet, inches etc.
Level = Speed of sound in air x Time delay / 2
The above principle of measurement looks quite straightforward and true only in
theory. In practice, there are some technical difficulties which are to be taken care to get
correct level reading.
a. Velocity of sound changes due to the variation of air temperature. An integrated
temperature sensor is used to compensate for changes in velocity of sound due to
temperature variations.
b. There are some interference echoes developed by the edges, welded joints etc.
This is taken care by the software of the transmitter and called interference echo
suppression.
c. Calibration of the transmitter is crucial. Accuracy of measurement depends on
the accuracy of calibration. The Empty distance “A” and measurement span “D”
is to be ascertained correctly for inclusion in calibration of the transmitter.
d. The transient characteristics of the sensor will develop a Blocking distance. Span
“D” should never extend to the blocking distance.
Ultrasonic Sensor is the heart of the ultrasonic level Transmitter instrument. This sensor
will translate electrical energy into ultrasound waves. Piezoelectric crystals are used for
this conversion process. Piezoelectric crystals will oscillate at high frequencies when
electric energy is applied to it. The reverse is also true. These piezoelectric crystals will
generate electrical signals on receipt of ultrasound. These sensors are capable of sending
ultrasound to an object and receive the echo developed by the object. The echo is
converted into electrical energy for onward processing by the control circuit.
Advantages of Ultrasonic Level Transmitter:
Ultrasonic level transmitter has no moving parts, and it can measure level without
making physical contact with the object. This typical characteristic of the transmitter is
useful for measuring levels in tanks with corrosive, boiling and hazardous chemicals.
The accuracy of the reading remains unaffected even after changes in the chemical
composition or the dielectric constant of the materials in the process fluids.
Limitations of Ultrasonic Level Transmitter:
Ultrasonic level transmitters are the best level measuring devices where the received
echo of the ultrasound is of acceptable quality. It is not so convenient if the tank depth
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is high or the echo is absorbed or dispersed. The object should not be sound absorbing
type. It is also unsuitable for tanks with too much smoke or high density moisture.
POST-MCQ:
1. In closed container type level measuring system, pressure at top of container is
due to ______________
a) Vacuum pressure
b) Vapor pressure
c) Liquid pressure
d) Atmospheric pressure
2. What will happen if the float becomes lighter?
a) Density variations becomes more important
b) Density variations becomes less important
c) System becomes less efficient
d) None of the mentioned
3. Which of the following is correct for a level to force conversions?
a) Liquid at constant density distribution
b) Liquid with different density distribution
c) Level difference should be gradual
d) Liquid should be highly viscous
4. Which of the following devices are used for a level to force conversion?
a) Load cell
b) Membrane
c) Diaphragm
d) Voltmeter
5. _____________ measures velocity at a point of fluid in a stream.
a) Venturi meter
b) pH meter
c) Pitot-Static tubes
d) None of the mentioned
6. Which of the following represents obstruction type flow measuring systems?
a) Centrifugal force type
b) Rotating vane system
c) Flow nozzle device
d) None of the mentioned
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7. Which of the following represents the correct relation between flow rate and area
of pipe?
a) Direct proportionality
b) Inverse proportionality
c) Equal
d) None of the mentioned
8. Which of the following converts flow to rotational motion?
a) Rotatic vane system
b) Rotameter flow system
c) Both rotameter flow system and rotatic vane system
d) None of the mentioned
9. Centrifugal force elements are used for ___________
a) High flow rate
b) Low flow rate
c) All range of flow rate
d) None of the mentioned

10. Bernoulli’s theorem is applicable for fluid path with moderate frictional force.
a) True
b) False
Reference:
[1] https://www.engineeringclicks.com
[2] http://www.instrumentationtoday.com
[3] D. Patranabis, “Principles of Industrial Instrumentation”, Tata McGraw
Hill, 2ndEdition, New Delhi, Reprint2009.
[4] S. K. Singh, “Industrial Instrumentation & Control” 3rd Edition, Tata
McGraw Hill, Reprint 2009.
[5] K.Krishnaswamy & S.Vijayachitra, “Industrial Instrumentation” New age
International, Reprint 2008.
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UNIT 4
MEASUREMENT OF SPEED, FORCE, TORQUE, ACCELERATION
AIM:
To understand different methods of measurement of Speed, Force, Torque and
Acceleration.
PRE-REQUESITE:
 Sensors and Actuators
PRE-MCQ:
1. ___________ is used for measuring torque in rotating parts in machines.
a) Accelerometer
b) Dynamometer
c) Tachometer
d) None of the mentioned
2. Which of the following represents the correct relationship between angular
displacement and torque?
a) Direct proportionality
b) Inverse proportionality
c) Equal magnitude
d) None of the mentioned
3. Which of the following devices can be used for measuring torque?
a) Helical spring
b) Flat spiral spring
c) Bellows
d) Diaphragm

Measurement of Rotational Speed
Rotational speed (or speed of revolution) of an object rotating around an axis is the
number of turns of the object divided by time, specified as revolutions per minute
(rpm), cycles per second (cps), radians per second (rad/s), etc. Tachometer is used to
measure rotational speed.
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Classification:
1. Mechanical Tachometers
 Revolution Counter
2. Electrical Tachometers
 Eddy current or Drag Cup Tachometer
 Tacho-generator (DC and AC)
3. Contactless Electrical Tachometers
 Photo Electric Tachometer
Revolution Counter:
Revolution counter is used to measure an average of rotational speed instead of
instantaneous rotational speed. It consists of a worn gear that is usually attached to a
spindle. It has two dials, an inner one and an outer one. The inner dials represent one
revolution of outer dials and the outer dials represent on revolution of the spindle. The
tachometer has a stopwatch attached to the revolution counter and is use to indicate
time. These are limited to low speed engines and measure satisfactorily up to 2000-3000
rpm.
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Electrical Tachometer
The tachometer use for measuring the rotational speed or angular velocity of the
machine which is coupled to it. It works on the principle of relative motion between the
magnetic field and shaft of the coupled device. The relative motion induces the EMF in
the coil which is placed between the constant magnetic field of the permanent magnet.
The develops EMF is directly proportional to the speed of the shaft.
Mechanical and electrical are the two types of the tachometer. The mechanical
tachometer measures the speed of shaft regarding revolution per minutes.
The electrical tachometer converts the angular velocity into an electrical voltage. The
electrical tachometer has more advantages over the mechanical tachometer. Thus it is
mostly used for measuring the rotational speed of the shaft. Depends on the natures of
the induced voltage the electrical tachometer is categorized into two types.



AC Tachometer Generator
DC Tachometer Generator
DC Tachometer Generator
Permanent magnet, armature, commutator, brushes, variable resistor, and the moving
coil voltmeter are the main parts of the DC tachometer generator. The machine whose
speed is to be measured is coupled with the shaft of the DC tachometer generator.
The DC tachometer works on the principle that when the closed conductor moves in the
magnetic field, EMF induces in the conductor. The magnitude of the induces emf
depends on the flux link with the conductor and the speed of the shaft.
The armature of the DC generator revolves between the constant field of the permanent
magnet. The rotation induces the emf in the coil. The magnitude of the induced emf is
proportional to the shaft speed.
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The commutator converts the alternating current of the armature coil to the direct
current with the help of the brushes. The moving coil voltmeter measures the induced
emf. The polarity of the induces voltage determines the direction of motion of the shaft.
The resistance is connected in series with the voltmeter for controlling the heavy current
of the armature.
The emf induces in the dc tachometer generator is given as

Where, E – generated voltage
Φ – flux per poles in Weber
P- number of poles
N – speed in revolution per minutes
Z – the number of the conductor in armature windings.
a – number of the parallel path in the armature windings.
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Advantages of the DC Generator
1. The polarity of the induces voltages indicates the direction of rotation of the
shaft.
2. The conventional DC type voltmeter is used for measuring the induces voltage.
Disadvantages of DC Generator
1. The commutator and brushes require the periodic maintenance.
2. The output resistance of the DC tachometer is kept high as compared to the input
resistance. If the large current is induced in the armature conductor, the constant
field of the permanent magnet will be distorted.
AC Tachometer Generator
The DC tachometer generator uses the commutator and brushes which have many
disadvantages. The AC tachometer generator designs for reducing the problems. The
AC tachometer has stationary armature and rotating magnetic field. Thus, the
commutator and brushes are absent in AC tachometer generator.
The rotating magnetic field induces the EMF in the stationary coil of the stator. The
amplitude and frequency of the induced emf are equivalent to the speed of the shaft.
Thus, either amplitude or frequency is used for measuring the angular velocity.
The below mention circuit is used for measuring the speed of the rotor by considering
the amplitude of the induced voltage. The induced voltages are rectified and then pass
to the capacitor filter for smoothening the ripples of rectified voltages.
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Drag Cup Rotor AC Generator
The drag cup type A.C tachometer is shown in the figure below.

The stator of the generator consists two windings, i.e., the reference and quadrature
winding. Both the windings are mounted 90° apart from each other. The rotor of the
tachometer is made with thin aluminum cup, and it is placed between the field
structures.
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The rotor is made of the highly inductive material which has low inertia. The input is
provided to the reference winding, and the output is obtained from the quadrature
winding. The rotation of rotor between the magnetic field induces the voltage in the
sensing winding. The induces voltage is proportional to the speed of the rotation.
Advantages
1. The drag cup Tachogenerator generates the ripple free output voltage.
2. The cost of the generator is also very less.
Disadvantage
The nonlinear relationship obtains between the output voltage and input speed when
the rotor rotates at high speed.
Photoelectric Tachometer
The tachometer which uses the light for measuring the speed of rotation of shaft or disc
of machines is known as the photoelectric tachometer. The opaque disc with holes on its
periphery, light source and laser are the essential parts of the photoelectric tachometer.
The tachometer consists the opaque disc which is mounted on the shaft whose speed
needs to be measured. The disc consists the equivalent holes around the periphery. The
light source is placed on one side of the disc and the light sensor on the other side. They
are in line with each other. When the disc rotates their holes, and the opaque portion
comes alternatively between the light source and light sensor. When the holes come in
the line of the light source and the light sensor, then the light passes through the holes
and collapse to the sensor. Hence the pulse is generated. These pulses are measured
through the electric counter.
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When the opaque portion comes in the line of light source and sensor, then the disc
blocked the light source, and the output becomes zero. The production of pulses
depends on the following factor.
1. The number of holes on the disc.
2. The speed of rotation of the disc.
The holes are fixed, and hence the pulse generation depends on the speed of the
rotation of the disc. The electronic counter is used for measuring the pulse rate.
Advantages of Photoelectric Tachometer
1. The digital output voltage is obtained, and hence there is no need of analogue to
digital conversion.
2. The pulses of constant amplitude are obtained which simplify the electronic
circuitry.
Disadvantages of Photoelectric Tachometer
1. The life of the light source is approximately 50,000 hours. Hence the light source
needs to be replaced timely.
2. The accuracy of this method depends on the error which is represented by the
unit pulse. These errors can be minimized by using the gating period. The gating
period means the meter measures the frequency by counting the input pulses.
The total number of pulses generated at one revolution is also used for minimizing the
error
Force Measurement:
A force is a push or pull upon an object resulting from the object's interaction with
another object. Whenever there is an interaction between two objects, there is
a force upon each of the objects.
A force has both magnitude and direction, making it a vector quantity. It is
measured in the SI unit of Newton’s and represented by the symbol F.
Force Measuring Devices Classification:
1. Load Cell
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a. Hydraulic Load Cell
b. Pneumatic Load Cell
2. Strain Gauge
Hydraulic Load Cell:
Principle of Hydraulic Load cell
When a force is applied on a liquid medium contained in a confined space, the pressure
of the liquid increases. This increase in pressure of the liquid is proportional to the
applied force. Hence a measure of the increase in pressure of the liquid becomes a
measure of the applied force when calibrated.

The main parts of a hydraulic load cell are as follows





A diaphragm
A piston with a loading platform (as shown in figure) placed on top of the
diaphragm.
A liquid medium which is under a pre-loaded pressure is on the other side of the
diaphragm.
A pressure gauge (bourdon tube type) connected to the liquid medium.
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Operation of Hydraulic Load Cell
The force to be measured is applied to the piston. The applied force moves the piston
downwards and deflects the diaphragm and this deflection of the diaphragm
increases the pressure in the liquid medium (oil). This increase in pressure of the
liquid medium is proportional to the applied force. The increase in pressure is
measured by the pressure gauge which is connected to the liquid medium. The
pressure is calibrated in force units and hence the indication in the pressure gauge
becomes a measure of the force applied on the piston. As the hydraulic load cell is
sensitive to pressure changes, the load cell should be adjusted to zero setting before
using it to measure force. This hydraulic load cell have an accuracy of the order of 0.1
percent of its scale and can measure loads up to 2.5*10^5 Kg f. The resolution is about
0.02 percent.
Pneumatic Load Cell:
Principle of Pneumatic Load Cell
If a force is applied to one side of a diaphragm and an air pressure is applied to the
other side, some particular value of pressure will be necessary to exactly balance the
force. This pressure is proportional to the applied force.
Pneumatic Load cell
The main parts of a pneumatic load cell are as follows:
 A corrugated diaphragm with its top surface attached with arrangements to apply
force.
 An air supply regulator, nozzle and a pressure gauge arranged as shown in figure.
 A flapper arranged above the nozzle as shown in figure.
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Operation of Pneumatic Load cell
The force to be measured is applied to the top side of the diaphragm. Due to this force,
the diaphragm deflects and causes the flapper to shut-off the nozzle opening.Now an
air supply is provided at the bottom of the diaphragm. As the flapper closes the nozzle
opening, a back pressure results underneath the diagram. This back pressure acts on the
diaphragm producing an upward force.
Air pressure is regulated until the diaphragm returns to the pre-loaded position which
is indicated by air which comes out of the nozzle. At this stage, the corresponding
pressure indicated by the pressure gauge becomes a measure of the applied force when
calibrated. The pneumatic load cell can measure loads up to 2.5*10^3 Kgf. The accuracy
of this system is 0.5 percent of the full scale.
Torque Measurement:
Torque is the measure of the force that can cause an object to rotate about an axis.
Force is what causes an object to accelerate in linear kinematics. Similarly, torque is
what causes an angular acceleration. Hence, torque can be defined as the rotational
equivalent of linear force. The point where the object rotates is called the axis of rotation. In
physics, torque is simply the tendency of a force to turn or twist. Different
terminologies such as moment or moment of force are interchangeably used to describe
torque. Torque is measured in Newton meters in SI units.
Torque Transducers:
1. Strain Gauge
2. Magneto elastic method
Torque Measurement Using Strain Gauge:
The most common torque sensor measurement principle uses bonded strain gauge
technology, where the strain gauges are bonded to a suitably designed shaft. Torque
transducers with a circular shaft and with strain gauges applied at 45deg is a design
that has been around for many years. However, the design and configuration of the
device will be dictated by the application and the shaft may well be solid or hollow and
the cross-section might differ with either a cruciform, square or the other custom
design, in order to gain the maximum signal output available from the measurement.
When torsion is applied to the shaft causing it to twist, shear stresses are
induced. These are measured by bonding the strain gauges at 45° to the horizontal
torque axis. As the shear stress induced in the shaft is the same throughout its length,
the strain gauges can be bonded at any point along its length. However, it is normal
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practice to place them in the centre, as far as possible from spurious stress that can be
induced at the mechanical interfaces.
Typically four strain gauges are bonded and connected into a Wheatstone bridge
configuration with temperature compensation components included within the bridge
circuitry. With an excitation voltage applied to the bridge and torque induced into the
shaft, an electrical output linearly proportionate to that torque will result.
For the strain gauged shaft to become a useful measuring instrument (torque sensor) it
is necessary to calibrate it with a known reference standard. This can be either weight
applied to the end of a cantilever arm of known length, or in line with a reference
standard torque transducer.
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The completed Wheatstone Bridge requires a stable DC supply to excite the
circuit. This is usually 5Vdc or 10Vdc but can be any value from 1Vdc up to 18Vdc.
Magneto Elastic Torque Transducer:
When a ferromagnetic material is subjected to a mechanical stress — caused by an
applied force or torque — it experiences a change in magnetic flux. This phenomenon is
known as the magneto elastic effect, also referred to as the Villari effect.
The strain gauges require precise mounting and calibration to ensure accuracy. A
relatively new type of sensor, based on the magneto elastic effect, is a simple, low-cost
technology that uses non-contact sensing to provide accurate torque measurements for
rotating or stationary shafts. The key component in a magneto elastic sensor is
a ferromagnetic ring attached to the shaft being measured. Alternatively, if the shaft is
ferromagnetic, a section of the shaft can be permanently magnetized to produce a
circumferential magnetic field, eliminating the need for an external ring. Magneto
elasticity is a property of ferromagnetic materials. In the case of non-ferromagnetic
shafts, rings made of ferromagnetic material can be installed.

When torque (torsional stress) is applied, the magnetic moments inside the shaft (or
ring) are reoriented, causing a magnetic flux to develop around outside circumference
Course Material

Page 115

Industrial Instrumentation
of the shaft. The strength of the magnetic field flux is linearly proportional to the stress
and therefore, the torque — on the shaft and the polarity of the magnetic field indicates
the direction of torque. Magnetic field sensors positioned around the shaft determine
the amount and direction of torque based on this flux. Magneto elastic sensors are noncontact, so they don’t suffer from mechanical wear, giving them an extremely long
operating life. And because the magneto elastic properties of a material are highly
reliable and don’t degrade, calibration isn’t necessary for sensors that use magneto
elastic technology.
The most common uses for magneto elastic torque sensors are in automotive and emobility applications, for sensing torque in transmissions and drive trains. The next
areas of growth for this technology are expected to be in the medical robotics and
diagnostic equipment markets. Magneto elastic sensor technology can also be used to
measure linear position, force, speed, or angle.
Acceleration Measurement:
In physics or physical science, acceleration (symbol: a) is defined as the rate of change
(or derivative with respect to time) of velocity. It is thus a vector quantity with
dimension length/time². In SI units, acceleration is measured in meters/second² using
an accelerometer.
Types of Accelerometer:
1. Piezoelectric Accelerometer
2. Piezoresistive Accelerometer
3. MEMS Capacitive Accelerometer
Piezoelectric Accelerometer:
The most commonly used device is the piezoelectric accelerometer. As the name
suggests, it uses the principle of piezoelectric effect. The device consists of a
piezoelectric quartz crystal on which an accelerative force, whose value is to be
measured, is applied.
Due to the special self-generating property, the crystal produces a voltage that is
proportional to the accelerative force. The working and the basic arrangement is shown
in the figure below.
As the device finds its application as a highly accurate vibration measuring device, it is
also called a vibrating sensor. Vibration sensors are used for the measurement of
vibration in bearings of heavy equipment and pressure lines. The piezoelectric
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accelerometer can be classified into two. They are high impedance output accelerometer
and low impedance accelerometer.
In the case of high impedance device, the output voltage generated in proportion to the
acceleration is given as the input to other measuring instruments. The instrumentation
process and signal conditioning of the output is considered high and thus a low
impedance device cannot be of any use for this application. This device is used at
temperatures greater than 120 degree Celsius.

The low impedance accelerometer produces a current due to the output voltage
generated and this charge is given to a FET transistor so as to convert the charge into a
low impedance output. This type of accelerometers is most commonly used in
industrial applications.
Piezoresistive Accelerometer:
Piezoresistive accelerometers (also known as Strain gauge accelerometers) work by
measuring the electrical resistance of a material when mechanical stress is applied. They
are preferred in high shock applications and they can measure acceleration down to
0Hz. However, they have a limited high frequency response. Piezoresistive
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Accelerometers design for high frequency, high g shock measurement. Instead of
sensing the capacitance changes in the seismic mass, a piezoresistive accelerometer
takes advantage of the resistance change of piezoresistive materials to covert
mechanical strain to a DC output voltage.

Most of the Piezoresistive designs are either MEMS type (gas damped) or bonded strain
gauge type (fluid damped) and they are suitable for impact measurements where
frequency range and g level are considerably high. Piezoresistive accelerometers are
widely used in automobile safety testing including anti-lock braking system, safety airbags and traction control system as well as weapon testing and seismic measurements.
In addition, micromachined accelerometers are available and used in various
applications, such as submillimeter piezoresistive accelerometers in extremely small
dimensions used for biomedical applications.

Capacitive Accelerometer:
Accelerometers that implement capacitive sensing output a voltage dependent on the
distance between two planar surfaces. One or both of these “plates” are charged with an
electrical current. Changing the gap between the plates changes the electrical capacity of
the system, which can be measured as a voltage output. This method of sensing is
known for its high accuracy and stability. Capacitive accelerometers are also less prone
to noise and variation with temperature, typically dissipate less power, and can have
larger bandwidths due to internal feedback circuitry.
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Applications
1. Machine monitoring.
2. Used to measure earthquake activity and aftershocks.
3. Used in measuring the depth of CPR chest compression.
4. Used in Internal Navigation System (INS). That is, measuring the position,
orientation, and velocity of an object in motion without the use of any external
reference.
5. Used in airbag shooting in cars and vehicle stability control.
6. Used in video games like PlayStation 3, so as to make the steering more
controlled, natural and real.
7. Used in camcorder to make images stable.

POST-MCQ:
1. Which of the following is true for torque measurement?
a) Measurement of applied force only
b) Measurement of length of arm
c) Measurement of force and length of arm
d) Measurement of velocity of material
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2. Which of the following represents the correct position of strain gauges in torque
measurement?
a) 900 with each other
b) Parallel to shaft axis
c) Perpendicular to shaft axis
d) 450 from shaft axis
3. Seismic transducers are used to measure ______________
a) Displacement
b) Velocity
c) Acceleration
d) All of the mentioned
4. Seismic mass has freedom to move any direction.
a) True
b) False
5. Damper system is used to ______________
a) Produce oscillations
b) Limit oscillations
c) To produce displacement
d) For indication

6. Seismic displacement transducers are not suitable for measuring ______________
a) Vibrating velocities
b) Static velocities
c) Dynamic velocities
d) None of the mentioned
References:
[1] https://circuitglobe.com.
[2] https://www.engineeringclicks.com
[3] http://www.instrumentationtoday.com
[4] D. Patranabis, “Principles of Industrial Instrumentation”, Tata McGraw
Hill, 2ndEdition, New Delhi, Reprint2009.
[5] S. K. Singh, “Industrial Instrumentation & Control” 3rd Edition, Tata
McGraw Hill, Reprint 2009.
[6] K.Krishnaswamy & S.Vijayachitra, “Industrial Instrumentation” New age
International, Reprint 2008.
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UNIT 5
MEASUREMENT OF DENSITY, VISCOSITY, HUMIDITY
AIM:
To understand the different method of measurement of Density, Viscosity and
Humidity.
PRE-REQUISITE:
 Sensors and Actuators
PRE-MCQ:
1. What is humidity sensor?
a) Hygrometer
b) Gyroscope
c) Sesimoscope
d) Sundial
2. Units for Humidity sensor____________
a) Dew/fost point or Relative Humidity
b) Relative Humidity or Parts Per Million
c) Dew/fost point or Parts Per Million
d) Dew/fost point or Parts Per Million or Relative Humidity
3. Which of the following is represented by a ratio of density of substance to
density of water at 400c?
a) Specific gravity
b) Mass density
c) Weight density
d) Specific density
4. Which of the following represents the slow motion of layers of fluid in one
direction?
a) Laminar flow
b) Turbulent flow
c) Viscous flow
d) Both laminar and viscous flow
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Measurement of Density:
The density of material shows the denseness of that material in a specific given area. A
material’s density is defined as its mass per unit volume. Density is essentially a
measurement of how tightly matter is packed together. It is a unique physical property
for a particular object. The SI unit of density is kg/m³.
Hydrometer:
A hydrometer is an instrument used for measuring the relative density of liquids based
on the concept of buoyancy.
Continuous Weight measurement Hydrometer:
They are typically calibrated and graduated with one or more scales such as specific
gravity. The device consists essentially of a weighted, sealed, long-necked glass bulb
that is immersed in the liquid being measured; the depth of flotation gives an indication
of liquid density, and the neck can be calibrated to read density, specific gravity, or
some other related characteristic.

In practice, the floating glass bulb is usually inserted into a cylindrical glass tube
equipped with a rubber ball at the top end for sucking liquid into the
tube. Immersion depth of the bulb is calibrated to read the desired characteristic. A
typical instrument is the storage-battery hydrometer, by means of which the specific
gravity of the battery liquid can be measured and the condition of the battery
determined. Another instrument is the radiator hydrometer, in which the float is
calibrated in terms of the freezing point of the radiator solution. Others may be
calibrated in terms of “proof” of an alcohol solution or in terms of the percentage of
sugar in a sugar solution.
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The Baumé hydrometer, named for the French chemist Antoine Baumé, is calibrated to
measure specific gravity on evenly spaced scales; one scale is for liquids heavier than
water, and the other is for liquids lighter than water.
Nuclear Densitometer (Gamma Ray):
There are so many instruments to measure density like hydrometers, Induction
hydrometers,etc. Nuclear devices can also used to measure density. They operate on the
principle that the absorption of gamma radiation increases with the density of the
material being measured.

In the figure, a representative element for measuring the density of the radiation type is
represented. It consists of a source of constant gamma radiation (which can be radio,
cesium or cobalt), which is mounted on a wall of the pipe, and a radiation detector,
which is mounted on the opposite side. The gamma rays are emitted from the source,
through the pipe and the detector. The materials that flow through the pipe and
between the source and the detector absorb radioactive energy in proportion to their
densities. The radiation detector measures the radioactive energy that is not absorbed
by the process material. The quantity that is measured varies inversely with the density
of the process stream. The unit of the radiation detector converts this energy into an
electrical signal, which is transmitted to an electronic module.
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Viscosity:
Viscosity is defined as the measure of the resistance of a fluid to gradual deformation by
shear or tensile stress. In other words, viscosity describes a fluid’s resistance to flow.
Simply put, we can say that honey is thicker than water; in turn, honey is more viscous
than water. Viscosity is measured in Pascal seconds.
Saybolt Viscometer
A device used to measure the viscosity of a fluid. The saybolt viscometer controls the
heat of the fluid and the viscosity is the time is takes the fluid to fill a 60cc container.
The device used for measurement of viscosity is known as viscometer .





The viscosity of a fluid is a measure of its resistance to gradual deformation by
shear stress or tensile stress.
The units of viscosity are poise and centipoises.
Specific viscosity is the ratio of the viscosity of fluid to the viscosity of water at 20
degree Celsius. Since the water has a viscosity of 1 cp at 20 degree Celsius.
Kinematic viscosity is defined as ratio of dynamic viscosity to the density of the
fluid.

Efflux cup viscometers are most commonly used for fieldwork to measure the viscosity
of oils, syrups, varnish, paints and Bitumen emulsions. The testing procedure is quite
similar to the capillary-tube viscometers where efflux time of a specified volume of
fluid is measured through fixed orifice at the bottom of a cup to represent the viscosity
of the fluid. Since the viscosity of Newtonian liquid are independent of dimensions of
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viscometer used, it is possible to convert the efflux times to kinematic viscosities by
conversion charts or by formulas suggested by the equipment manufacturers.
To obtain high accuracy the liquid holding vessel and orifice are temperature controlled
by immersing them in a thermostatically controlled bath. The saybolt viscometer, one of
the efflux cup viscometers is the standard instrument for testing petroleum products.
The furol and asphalt orifices, respectively, have an efflux time of approximately, onetenth and one-hundredth that of the universal orifice. The cup orifice combination
should be selected to provide an efflux time within the range of 20 to 100 seconds. Of
these types, the universal orifice (saybolt universal viscometer) is most commonly used
and its efflux time is designated as saybolt universal seconds (SUS).The universal
viscometer measures the time required for 60 cc of sample fluid to flow out through an
orifice having dimensions of 0.176 cm in diameter and 1.225 cm in length. Saybolt
universal seconds (t) can be converted to kinematic viscosity (v) by the following
equations:
When t < 100 secs, v = 0.226t – 195/t Centistokes
When t >100 secs, v = 0.220t – 135/t Centistokes
The viscosity determinations should be conducted in a room free from drafts and rapid
changes in temperature the highest degree of accuracy.
Advantages
 It has a digital meter to measure temperature and so reading is more accurate and
precise.
 The coils wrap around the container uniformly so uniform temperature can be
obtained.
 Viscosity can be directly compared for two or more liquids.
Disadvantages
 The main disadvantage of the capillary tube viscometer is the errors that arise due
to the variation in the head loss and other parameters.
 Efflux cup viscometer have some inherent inaccuracies
Application
 Efflux viscometer are most commonly used fieldwork to measure the viscosity of
oil , syrups, varnish, paints.
 It is used for testing petroleum products.
Rotameter Type Viscometer:
Rotameter type viscometers are used both industrially and in the pilot plant to measure
the viscosity of the process fluids and continuously indicate or control the process. This
type of viscometer is used in a closed flow system. Viscometer has been successfully
used to maximize combustion efficiency by controlling the viscosity of fuel oils in
marine boilers and stationery
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Operating principle of viscometer:
The operating principle is similar to that of the variable area flow meter, where the
viscous drag force on a float is proportional to the opening of the required orifice
(between the float and the conical tube) to move the fluid through that orifice at a
constant flow rate.
In a flow meter type rotameter, the forces acting on the float are affected by the flow
rate, by the floating weight and the specific gravity of the liquid, and by the viscosity of
the fluid being measured.
For flow metering applications, the floats are designed so that the viscous drag area is
relatively small, so the float is relatively insensitive to viscosity. In the viscometer
version of this design, the flow rate through the variable area meter is held constant.
Construction and Working of Viscometer
To obtain accurate viscosity measurements with rotameter-type viscometers, the flow
rate must be constant. Because this required flow control can be obtained in three
different ways, there are three different designs: single float, double float and concentric
float.
The simple float viscometer is a direct and continuous reading viscosity instrument. A
positive displacement pump (other flow control devices can also be used) provides the
constant sample flow rate through the instrument
The single float viscometer is also available as a transmitter that is used when screens or
remote controls are required. In this case, the position of the float is detected by the use
of an armature attached to the float extension bar with a magnetic detection device
around its outer periphery.
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The recommended flow rate is between 0.75 and 2.0 GPM (2.9 and 7.6 l/m). The glass
tube viscometer is rated for 450° F (232° C) temperature and for 90 PSIG (621 kPa)
pressure.
Humidity:
Relative Humidity
The relative humidity is used for finding the water vapor content in the air. The relative
humidity is defined as the ratio between the amount of moisture in the air at a
particular temperature to the maximum moisture air can withstand at the same
temperature. The relative humidity is 100% during rainy seasons.
Absolute Humidity
Absolute humidity which describes the water content of air is used to measure the
weight of water vapor per unit volume of air. The absolute humidity unit is given as
g.m-3 which is units of grams of water vapor per cubic meter of air. Since other factors
constantly affect absolute humidity, the results are less useful.
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Specific Humidity
The specific humidity unit is the most reliable unit of measurement of humidity. This
measures the weight of water vapor per unit weight of air and it is expressed as grams
of water vapor per kilogram of air g.kg-1 is the specific humidity unit.
Different types of hygrometers and their applications
Electrical hygrometers
These hygrometers use resistance or capacitance to measure the amount of humidity in
the air. Electrical hygrometers can either be capacitive or resistive. Capacitive
hygrometers have two metals plates that have air between them; the moister the air is,
the more it affects the plates’ ability to store a static electric charge. The amount of
humidity is indicated by the metal plates’ ability to store the electric charge. Resistive
hygrometers, electricity passes through a piece of ceramic substance which is exposed
to the air. The higher the humidity, the more water vapour condenses inside the
ceramic, leading to a change in resistance.

Psychrometer
A Psychrometer is a device used to measure the humidity of air. It accomplishes this by
comparing the difference in temperature between a dry thermometer bulb and a wet
thermometer bulb that has lost some of its moisture through evaporation.
When evaporation occurs in the wet bulb, the temperature drops to a lower level than
that of the dry bulb. This difference in temperature is caused by the humidity in the air.
Psychrometer are ideal for measuring outdoor humidity and areas which need dry
storage conditions.
Wet and Dry Bulb Psychrometer
In order for a liquid to turn into gas, energy is required and this energy is called
evaporation heat. The thing which enabled it to measure humidity using this is a
Psychrometer.
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The Psychrometer is a hygrometer which measures humidity and temperature
simultaneously by measurement of dry-bulb temperature and wet-bulb temperature.
In extreme high temperature, low temperature, low humidity, and low pressure, an
error becomes large by the object for the measurement in general temperature and
moisture environment. Consisting of two thermometers, one side is a portion which
makes a ball part always become wet with water and which is called a wet bulb.
A wet bulb shows a temperature usually lower than another thermometer (dry bulb), in
order that water may take evaporation heat by evaporation in a ball part.
However, since a wet bulb is covered in the layer of thin ice when temperature is the
freezing point, a temperature higher than a dry bulb may be shown.
In the case of precision measurement, relative humidity is calculated by the formula of
Adolf Sprung (1848 to 1909) from dry-bulb temperature or wet-bulb temperature, the
difference in temperature between a dry bulb and a wet bulb, and atmospheric
pressure.
Dew point hygrometers
Dew point hygrometers are used to measure the saturation of moist air in a gas. These
hygrometers are used in areas where the smallest amounts of moisture need to be
found. These devices are the most precise of all the hygrometers. Hygrometers are
useful devices that measure the amount of moisture in the atmosphere. They can be
used in homes, office buildings, and in industrial areas. There are different types of
hygrometers so you are guaranteed to find one that is suitable for your requirements.
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Hair hygrometer
Due to humidity, several materials undergo a change in physical, chemical and
electrical properties. This property is used in a transducer designed and calibrated to
directly read the relative humidity.
Certain hygroscopic materials, such as human hair, animal membranes, wood, paper,
etc., undergo changes in the linear dimensions when they absorb moisture from the
surrounding air. This change in the linear dimension is used as the measurement of the
humidity present in the air.

Human hair is used as a humidity sensor. The hair is arranged on a parallel beam and
separated from each other to expose them to the surrounding air / atmosphere.
Numbers of hairs are placed in parallel to increase the mechanical strength. This hair
arrangement is placed under a small tension by the use of a tension spring to ensure
proper functioning.
The hair arrangement is connected to an arm and a link arrangement and the link is
attached to a pointer rotated at one end. The pointer sweeps over a calibrated scale
of humidity
Working of hair hygrometer:
When air humidity is to be measured, this air is made to surround the hair arrangement
and the hair arrangement absorbs moisture from the surrounding air and expands or
contracts in the linear direction.
This expansion or contraction of the hair arrangement moves the arm and the link and,
therefore, the pointer to a suitable position on the calibrated scale and, therefore,
indicates the humidity present in the air / atmosphere.
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Application of Hair hygrometer






These hydrometers are used in the temperature range of 0’C to 75’C.
These hydrometers are used in the range of relative humidity (relative humidity)
from 30 to 95%.
Limitations of the hydrometer for the hair
These hydrometers are slow in response
If the hair hydrometer is used constantly, its calibration tends to change.

Thermal Conductivity Humidity Sensors
Thermal Conductivity Humidity Sensors are also known as Absolute Humidity (AH)
Sensors as they measure the Absolute Humidity. Thermal Conductivity Humidity
Sensors measure the thermal conductivity of both dry air as well as air with water
vapor. The difference between the individual thermal conductivities can be related to
absolute humidity.
Working of Thermal Conductivity Humidity Sensors
The best component to accomplish thermal conductivity based humidity sensor is
thermistor. Hence, two tiny thermistors with negative temperature coefficient are used
to for a bridge circuit.
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In that, one thermistor is hermetically sealed in a chamber filled with dry Nitrogen
while the other is exposed to open environment through small venting holes. When the
circuit is powered on, the resistance of the two thermistors is calculated and the
difference between those two values is directly proportional to Absolute Humidity
(AH).

Advantages of Thermal Conductivity Humidity Sensors




Suitable for high temperature environments and high corrosive situations.
Very durable
Higher resolution compared to other types

Disadvantage of Thermal Conductivity Humidity Sensors


Exposure to any gas with thermal properties different than Nitrogen might affect
reading measurement.

Applications of Thermal Conductivity Humidity Sensors






Drying kilns
Pharmaceutical plants
Owens
Clothes dryers and drying machines
Food dehydration
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Chilled mirror Dew point hygrometer
Dew point is the temperature at which a sample of moist air (or any other water vapor)
at constant pressure reaches water vapor saturation. At this saturation temperature,
further cooling results in condensation of water. Chilled mirror dew point hygrometers
are some of the most precise instruments commonly available. They use a chilled mirror
and optoelectronic mechanism to detect condensation on the mirror's surface. The
temperature of the mirror is controlled by electronic feedback to maintain a dynamic
equilibrium between evaporation and condensation, thus closely measuring the dew
point temperature. An accuracy of 0.2 °C is attainable with these devices, which
correlates at typical office environments to a relative humidity accuracy of about ±1.2%.
These devices need frequent cleaning, a skilled operator and periodic calibration to
attain these levels of accuracy. Even so, they are prone to heavy drifting in
environments where smoke or otherwise impure air may be present.
More recently, spectroscopic chilled-mirrors have been introduced. Using this method,
the dew point is determined with spectroscopic light detection which ascertains the
nature of the condensation. This method avoids many of the pitfalls of the previous
chilled-mirrors and is capable of operating drift free.

POST-MCQ:
1. Relative humidity is a function of ________
a) Ambient temperature
b) Water vapor pressure
c) Ambient temperature and Water vapor pressure
d) Dryness
2. Which of the following represents Newton’s equation for viscosity?
a) τ = µ(dv/dt)
b) µ = τ(dv/dt)
c) τ = dv/dt
d) τ = µ2(dv/dt)
3. What happens to the viscosity of liquid and gas when the temperature is
increased?
a) Both increases
b) Both decreases
c) For liquid increases and for gas decreases
d) For liquid decreases and gas increases
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4. Orifice type viscometer covert viscosity to _______________
a) Force
b) Pressure
c) Displacement
d) Potential difference
5. Which of the following is not converting viscosity to pressure?
a) Redwood viscometer
b) Saybolt viscometer
c) Orifice viscometer
d) Rotameter viscometer
6. In air bubbler system, air pressure is measured.
a) True
b) False
7. Which of the following represents the correct relationship of density and length
of column?
a) Direct proportionality
b) Inverse proportionality
c) Equal
d) None of the mentioned
8. ____________ can be used for measuring density.
a) Load cell
b) pH meter
c) Pitot static device
d) Mutimeter
9. Which of the following is used to represent mass per unit volume of a substance?
a) Mass density
b) Weight density
c) Specific density
d) None of the mentioned
10. Specific volume of all substances depends on ______________
a) Temperature only
b) Pressure only
c) Both temperature and pressure
d) Temperature and pressure for some
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