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unknown value of the process parameter, The process of m
comparision of a given unknown quantity with the standar

improving the quality of the product.
12.1 Classification of Measurement :

Measurement is classified as :

the purpose of the processing are the indentical.

are same is an example of direct measurement.

other.

fractionating column to remove different fractions is an example

measur

empirica
made and the desired result.

12.2 Classification of Instrument :

[295]

The primary purpose of making a measurement is to determine the
easuring 1is a
d value. The

fundamental purpose of measurement is to aid the process economy by

(i) Direct Measurement : In which the meaning of the measurement and

The measurement of the physical dimensions of a equipment
manufactured in a lathe machine and the purpose of the processing
operation is to produce a equipment with given physical dimensions

(ii) Indirect Measurement : Wherein the meaning of the measurement
and the purpose processing are different but are related with e

The measurement of the temperature of the different fractions in the
of indirect
ement. The purpose of the process to remove the different fractions
and the meaning of the measurement to measure the temperature of the
different fractions are not indentical but are related with each other. The
| relation is generally established between the measurement actually

The measuring instrument is a device to determine the the value of

-1 The o aler 1 i \ 3 ; ¥ = C

the quantity. The value determined by the instrumentis generally quantitative
. ative.
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The instrument poen rally u

uch as temperature, pressurg,
displacement. The measured variable such a

How,

0 more useful quantity Such ay

chemical composition is converted m! |
displacement, pressure, force and potential, P
- : is le according o the gy,

The classification of the instrument 15 made to
of power,

The instruments are classified as

(1) Self operated instrument

(i)  Power operated instrument,

Self operated instrument : The instrument derives llis |Immtr Wllully
: in ' ' el S : er derives ity p ‘
from the instrument itself, A mercury-in-glass thermomet |. POWer
wholly from the expansion of the mercury due to change in temperatyye,

Power Operated Instrument : The instrument requires external SOurce
of power. The external source of power such as electricity, hydraulic supply,

compressed air and mechanical source of energy are used to operate the
Instrument,

12.3 Static Characteristics of Instrument :

The static characteristics of Instrument are consid
instrument is used to measure
time.

ered when the
a process condition which is not varying with

The static characteristics are represente
calibration, sensitivity, hysteresis
instrument.

d by the range, accuracy, drift,
» resolution, error and precision of the

Range of Instrument : The range of an instrument indicates the lowest
and highest calibrated readings it can measure, ¢, a thermometer whose
scale goes from 0°C to 100°C has a range from 0°C o 100°C and the span of
100°C,

The span of an instrument is its range from the

minimum to maximum
scale

Accuracy of Instrument : The aoc

uracy of an insty :
: \ Strument s baged on
nstrument range and the reading of the At b

instry ment,
For example a pyrometer is calibrated fyq
m 400°¢ o he
accuracy is stated to be 0.4 percent, 0°C to 800°C and t
The accuracy = (800 - 400) x 0,04

=160
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Static Error of Instrument ; T = o e e e e

i \\‘)’h

I he static error of an mstrumen

o value ot a quantity and the value
spor is detined when the actual oy

W ith time

Lis the difference between actual or
indicated by the instrument. The static
true value of the quantity do not vary

Static error = Insty . : o
( Instrument Romling - True value,

It lh§ \,"Nm“wm reading is greater than the true value then static
,‘\”-\“‘ 1S p\‘.\\ltl\'l\\

‘ 1t the instrument reading is less than the true value then static error is
pegative.
Static correction :
[he static correction of an instrument is expressed as

Static Correction = True Value - Instrument reading,

The relationship between the static error and the static correction is
L‘\pu‘ssod as

]
Static Correction = - Static error | r "

The error calibration of an instrument is the calibration of the H
instrument against a suitable standard, i
Reproducibility : The reproducibility of the instrument is the degree 2

of closeness for which the given value is repeatedly measured.
The pertfect reproducibility indicates that the instrument has no drift,

Drift : The drift of the instrument is the measure of shifting of the
calibration of the instrument for a long period of ime. It is the change in the
reading indicated by the instrument for a fixed input value,

The several kinds of drift may occur. The calibration of the whole
instrument gradually shift by the same amount is called as zero drift,

The zero drift can be corrected by shifting the pointer position or by
adjusting the digital indicating device,

The span drift involves a gradual change in the calibration of the
instrument by a proportional amount, The span drift is due to change in the
Spring gradient of the instrument,

The third kind of drift may occur due to only for the one portion of
the calibration change. The third kind of the drift occurs at the high end of
the instrument scale due to high stress of the instrument,

The drift occurs in the orifice meter due to wear and erosion of the
orifice plate. The drift occurs in the thermocouple due to corrosion and
‘Ontamination of the junction of the thermocouple. The drift is caused due o
temperature change in the electronic instrument,

R
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Drift is rarely apparent. The inspection and maintenance is neede( to
guard the drift in the instrument,

Sensitivity : It is the ratio of change in output of tl?c. s Thment fo
the change in the input to the instrument at steady state condition. It indicaes
the smallest change in the value of variable to be measured to which an
mstrument respond.

Dead Zone : Itis the largest range of the value of the measured variabe
to which the instrument does not respond.

Hysteresis : It is the magnitude of error caused in the output value of
the instrument for a given input value when the instrument is approached in
the opposite direction. The output value is measured by increasing and thep
decreasing the input variable.

The difference in the reading of the output value for a given input
value is the hysteresis. The hysteresis is caused due to elastic deformation

consequently the change in shape and due to the frictional effect in the material
of the instrument.

— Measured
T g0+ Variable
% [ Instrument
S 504 reading
S
©
e Dead Zone
b= |
D B0 e - — T = il
: | f
4— Dead Time ———b:
A 1 "
0 T

1 2 3 4 5
Time t ——»
Fig. 12.1 Dead Zone and Dead Time of Instrument.

Dead Time : The dead time is the delay in the response of an
instrument to the change in the measured variable.

The dead time is the time require to begin the response of the
instrument for a change in measured variable. Dead time is also known as lag
of the instrument.

Calibration : It is the process for determination of the correct value

of the quantity by measurement or comparison of the measured value with
the standard value of quantity,

Precision : It is the degree of prefection for which an instrument is
designed to perform,
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" Resolution : It is Jpp————
the minimum incremental measured value of input

or output that can be detected by the in
o variable to which the instrumZnt willsrt:::oenn(: Il the smallest smomEC
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to input value
n the input
jue of the

- L‘meﬂrlty +Itis the linear variation of the output value
of the instru m?l\t- It is the measure of the proportionality betwee
value of a variable being measured and the indicated output va

instru ment.

12.4 Dynamic Characteristics :

The instrument rarely respond instantaneous!
antity. The change in the measured quanti
lue to the instrument. The inst
r slow response for the change in the measured
quantity. The delay in time is often encountered when the instrument waits
for the reaction to occur and such instruments are generally used for measuring
the quantities that varies with time. Consequently the transient and dynamic
behaviour of the instrument is relatively more important than the static

characteristics of the instrument.

y to the change in the
ty caused due to the

measured qu
rument exhibit the

change in the inputva
characteristics of sluggish o

s determined by

s of an instrument 1
of the vanation of

The dynamic characteristic
n magnitude

subjecting its primary element by some know

the measured quantity.
The three most common variations of the measu red quantity of the

instrument are :
ry element of the instrument 1s su bjected

(i) Step Change: The prima : um |
to an instantaneous and finite known magnitude of the variation and follows

the measured quantity.
(ii) Linear Chang
to the linear variation wi
(iii) Ginusoidal Change
subjected to the sinusoidal vart
measured quantity.

ry element of the instrument 1s subjected
follows the measu red quantity.
lement of the instrument 1is

amplitude and follows the

e: The prima
th time and
e : The primary €
ation of constant

The dynamics characteristics of the instrument are :

«  Speed of response

' Measured Lag

. Fidelity

$ Dynamic error )

Speed of Response : It |:. the rapidity for instrument to respond to
variation in the measured quantity-
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Measuring Lag : It is the retardation or delay in the response of g,
instrument to the vanations in the measured quantity

Fidelity : It is the degree indicated by the instrument to the Variations
in the measured quantity in absence of the dynamic error.

Dynamic error : It is the difference between the actual value of ¢,
quantity varies with time and the value indicated by the instrument. The

dynamic error is defined when the actual value of the quantity varies wig
time.

Dynamic error is defined as the difference between the input variable
X(t)and the response Y (1) at steady state.

Dynamic error = X (t) - Y (t) at steady state.
=At- A (t-t)

= At where A is the slope of the linear change and t is
the time constant of the first order instrument.

Max | _ _ _

Value
=
c A
. ! fory
B -

alue
Pl Y
2 B
Minimum l
Value Thria

Fig. 12.2

Overshoot : It is the ratio of the the difference between the maximum
and the final values of the response of the instrument to the final value of the
response of the instrument.

Overshoot = %

X(+) Y(+)
Input Measured
Variable Variable

Fig. 12.3

-
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12.5 Classification of Er;o-r;- W frrhodeot

The errors are classifie

d as ;
1. Signal transmission error
2. Environmental error
3. Observation error
4.

Operational error

1. Signal Transmission error : The error caused by the instrument

while transmitting the signal of the measured quantity, It is known as
instrumental error.

2. Environmental error : The errors which are caused due to the

change in the environmental conditions in the area surrounding the instrument.

The change in temperature, humidity and pressure may affect the
function of the instrument.

Observation Error : The error caused by the operator while recording
the measured quantity indicated by the instrument.

Operational error : The errors caused due to the irregularities and
variations in the process parameter.

The presence of error affects the true measurement and the efficiency
of the instrument.

Minimization of errors

The errors can be minimized by the following methods :

(i) Calibration of the instrument against the standard value of the
quantity. .
(ii) C t selection of instrument taking into consideration ot process
orrect sele :

condition of measurement.

ideri , amount of error in the true quantity
t ' tor considering the an
(iii)  Correction factor CONSITE
and the measured quantity.

joni ' inimize error,
(iv) Use of air conditioning to minimi

12.6 Transducers : |

. ..o which converts the energy from one form into another
f ek dUVl“'l ich converts the units between input and output signals
orm. Itis a device which

or the convertions of the physical quantitios of one

flranSduccrs it ufsed ‘-““. .q)plit'dlinl\-‘i of the transducers are given below |
orm into another form.
\ ation qiylltll 14 “'illlhklllﬁ‘l'\l o a pen “.'“'ll"?n
I ‘oncentr s1g M , |
) ; Jectronic controller the outpul signal in the form ol

se 343 (% . " . ]
ii) In case of lly fed to a transducer which converts it to a

voltage is usud
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transmission of the signal in the pneumatic transmission line.

i) In case of thermocouple the e.m.f. generated because of the
bimetallic junction is measured in terms of voltage and it is
calibrated in the terms of temperature. This is known as the
transducation process.

iv)  Strain gauges are used to convert a pressure signal to electrical

signal. In strain gauge the electric resistance is depending on

the mechanical strain. Therefore for any change in the mechanical
strain there is a change in its electric resistance.

v)  The potentiometer is used as a transducer in the control system
which converts mechanical position into an electric voltage.

vi) The variable capacitance differential pressure transducer is used

to detect and transmit pressure difference of the control system.

The application of the transducer is shown in Fig. (4.5) using a block
diagram of a control system.

R + e P -
G. G, ——0®—‘ G, &
M
B
Feedback | H(s)
Transducer Transmission Line

Fig. 12.4 Block diagram of control system with feedback transducer
where, G_is the transfer function of controller.

G, is the transfer function of control valve or final control
element.

G, is the transfer function of the process.
H is the transfer function of the measuring sensor.

If a thermocouple is used as a measuring sensor for indicating the
temperature of the effluent in the terms of volta

e Ry ge. A feedback transducer is used
to convert the electrical signal in the terms of

i voltage to pressure signal which
can be transmitted easily in pneumatic transmissi B gn

on line of the control system.
12.7 Classification of Transducer :

The transducers are classified as

(i)  Primary and Secondary transducers.

() Analog and Digital transducers.
b dins (iii) 'Active_ and passive transducers.
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S primary tr ranSduc e i At
. ans AP i T
quanhty ducey Senses o
o quantity ang convert it into another

: t tube
e re :

Into the displa}ze e auge senses the pressure
Iy ransdycey. ment of its free end. The Bourdon

Analog and Digital Transducers :

The analog transducer converts

analog output. the quantity to be measured into an

For example : Thermocouple, strain gauge, Thermistor.

The digital transducers convert the quantity to be measured into an

digital output.
Active and passive Transducers :

Active transducers do not require external power. The active

transducers are self operating type and they develop their own electrical
output. The active transducer are classified as Piezoelectric, Photoelectric,

Thermoelectric.
ternal source of power. Passive

Passive transducers require the ex :
e electrical parameter such as

transducers depend upon the change in th
resistance, capacitance and inductance.

assive Transducers :
ich is self-generating and not depending on any

known as active transducer.

12.8 Active and P

‘The transducer wh
external source of power 15

. ducers : .
Active Trans aodin nsducers are given below.

f the ac i generated across the junctions of the

ple: The € rors due to the temperature gradient of

emicon uc 1s. The generated emf is calibrated

mete & ted into the electrical

le. It is used to measure the

Examples 0

(i) Thermocot

two dissimilar metals OF sdissimilaf
hot and cold junctions 2. heat energy
in the terms of hot juncton e thermocoup

energy which is measured by
,temperature.

is conver
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| expansion in v =

(ii) Liquid in glass thermometer : The tl}?i’;]rzai:}i)n e tempve(:‘l::he
liquid in glass or liquid in metal due to the ‘"diS léicement of the | B
of the liquid in the glass bulb can be shown as the Pt ko liquid‘ | quiq
n the capillary of the thermometer. The displacemen s N the
Ccapillary of the thermometer is calibrated in terms Of'thT ; rp inutr}? )Of L
liquid. The heat energy is converted into the mechanical energy e form

: : _ : It is used to megg,,,.
displacement of liquid in the capillary of thermometer Ure
the temperature.

of the

(iii) Hot wire anemometer : The resistance O.f th? thin wire is Varied
by heating or cooling by varying the flowrate of the llq}lld. 'Thg chapge in the
resistance due the change in the temperature of the thin wire is cahb‘rate'd in
the terms of the flowrate of the liquid. The kinetic energy of the liquid is

converted into the electrical energy. It is used to measure the flowrate o
liquid.

(iv) Piezoelectric Transducer : The emf is generated when the external

applied to certain crystalline material such as quartz. The generated

emf is calibrated in the terms of the applied force acting on the crystalline
material. The mechanical ener

gy is converted into the electrical energy. [t
used to measure the force.

force is

Passive Transducers :

The passive transducers require the external source of

power. Examples
of the passive transducers are given below.

Resistance Passive Transducers

I8Y is converted into the electrical
resistance. It is used to measure the temperature,

(iii) Potentiometer : The change in the Position of the slider varies
with the resistance in the potentiometer o bridge circuit by the externally
applied force. The displacement of the shd'er is calibrated in terms of the
resistance of the potentiometer. The mechanica] energy is converted into the
electrical energy. It is used to measure the displacement ang pressure.
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e —

Resistance Straj. =~ _
€ Tesistance o th
or COMpression due € wj

ire

to th OT sem;
: : e con .
in the resistance ¢ B e>‘<tem al forc ductoy vari

; ire i € torque op 4. €S with the elongation
energy is converteq ;- > Calibragey in Or displacement, The change
torque and displacement € electricy ener IS of force. The mechanical

8Y-Itis useq to measure the force,

T — — — — —

€nergy is cony ' , .
used to measure the pressure vertedinto the electrical energy. It is
(i) Dielectric Gauge : The

: : Capacitance y
dielectric between the

plates due to the ch
in the capacitance is calibrated in the

the liquid level is conve
the liquid level.

aries with the change in the
ange in the liquid level. The change
terms of the liquid level. The change in
rted into the electrical energy. It is used to measure

(iii) Capacitor Microphone : The capacitance varies between the fixed
plate and the movable diaphragm due to the sound pressure. The variation
of the capacitance is calibrated in the terms of the sound pressure, It is used
for the acoustic measurement.

Inductive Passive Transducer

: - The mutual inductance of an a.c.
. s+ circuit Transducer : ;
(i) Magnetl;l ac:;e in the magnetic core of the coil due to externally
coil varies due to ¢

The change in the inductance is calibrated in the terms of
applied pressure. 1he ¢

T ducer : Linear variable differential transducer
e - ti al rms
(ii) Differen

~voltage of the two secondary windings varies linearly
- : v
(LVDT). The differenti

i by the externally applied
agnetic 890 f the displ ¢
) nt of the Mag ted in the terms of the displacement.
due to the displacem® ra
s al
pressure. The differen

o calib
al voltage s Cshm
= nverte
The mechanical energy 1stC0 : the coil varies the change
feasure the displacemen . e = d uctance of the

; ddy current is
e: f the plate. The e ‘Y

(i) Eddy Curr ent (i::fiisplacerneﬁl Z s echanical energy is converted
to

t :
in the eddy current d“ef - displaceme; gt displacement.
Calibrated in the ter™® Yy, g used ©

* - er .

into the electrical "

to the electrical energy. It is used to
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. (iv) E]eﬁmdynamic Transducer : The motion o 1 duye to
dlspldct\n]@

Nt varies w
due to Chang@
terms of the

electrical ene

ith the magnetic field. The electric voltage is gene,

N the magnetic field. The electric voltage is calibrateq ;
displ

at(ld

N the
P ; Is converted
acement. The mechanical energy is Nto the

'gy. It is used to measure the displacement.

12.9 Units of Measurement :

The unit of mea

surement is defined as standard measure of €very king
1cal quantity,

of pl\ys

The types of units used in engineering are :
(1) Fundamenta] Units

(11) Derived Units

The fundamenta] units are measures of the length I, mass m, time t

The derived units are ex
The quantity of derived

fundamenta] units. The

pressed in the terms of fundamenta] units,
units such volume originated from the quantity of
volume is expressed as V =(1) (b) (h)

The system of units are ;

(i) FPS: Foot Pound - Second System.

(i) CGS:- Centimeter Gram - Second System
(iii) MKS : Meter Kilogram- Second System.

(iv) SI Units : The System of International Units,

The system of international unit is used worldwide for standardization.

Table 1 : The fundamental units used in SI system are :
Quantity Unit Meaning
Length m Meter
Mass kg Kilogram
Time . s Second 4
Current A Ampere
Temperature K Kelvin
Luminous itensity | Cd Candela
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Quantityi Unit Meaning
¥ et absle rad Radian
g angle Sr Steradian
Quantity of substance mole Mole
Table 3 : The derived units used in S| system are :
Quantity Unit
Area m?
Volume m’
Velocity m/s
Angular velocity rad/s
Frequency Hz
Density Kg/m’
Force N
Pressure N/m?
Power w
Work J
Table 4 : Metric Units used in the measurement
; Name Symbol Equivalent
Quantity T elem A 1A=0.1nm
Length T st 1st=1m’
Volume dyre dyn 1 dyn = 10um
Force i torr 1 torr = 133 Pa
Pressure ot orie cal 1 cal =4.1868 ]
Energy o erg lerg=0.1pJ
oersted Oe 10e=80A/m
Magnetic field strength = Lﬁ 1 Mx = 0.01 yWb

A
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Table 5 : Standard Prefixes =
Multiple | Prefix Symbol Multiple | Prefix Symbol
102 | tera T 107 centi &
10° | giga G 10-? milli m
10° mega M 10°° micro m
10° kilo k 10°° nano n
10> | hecto h 10 | pico p
10 deka da 102 femto f
10" | deci d 108 atto a
Table 6 : Units in Common Use in the FPS and and S| System
FPS s1 [ |
Quantity | Name Symbol| Units | Name Symbol | Units
Frequency | Hertz Hertz Hz %
Energy Foot -pound | ft-1b 1b.ft* s | Joule J kg.m?/s’
Force Pound 1b ib.ft/s* | Newton N kg.m/s?
Resistance | Ohm Ohm Q kg.m?
per(s’. A%
Electric Volt Volt \%4 AQ
Potential
Pressure Pound per | psi 1b/in®> | Pascal Pa N/m?
in’ '
Charge Coulomb Coulomb| C As
Inductance | Henry Henry H kg.m’
per (sZ.A:)_
Capacitancel Farad Farad F gt A2
per(kg.n)
Magnetic Weber Wb V.s
flux
Power Horsepower | hp 1b.ft*/s®| Watt W I/s
/

Scanned with CamScanner



n duction To Measurement¢
- __Ta‘l-)Te-,__"“—_ 309
/—"—— . cOnVEI'siOn Fa—c_t(;s?o- s e e P —
th o e o . r Sl Units
.
- o 254
1 ft 5 4 mm
Lvd 10,304 m
1 ) 1 -0.914 m
: Ty 1,609 km
b A (angstron) -10 °m
Time .
L qun .60 s
1h 3.6 ks
1 day 864 ks
L i 1 year . 31.5 Ms
grea Lin® 645 16 mm’
1ft - 0.092903 m?
1yd’ - 0.8361m>
1 acre . 4046.9 m’
1 mile’ - 2,590 km?
Volume 1in’ - 16.387 cm’
1ft - 0.02832 m?®
1 yd’ - 0.76453 m’
1 UK gal . 4546.1 cm’
_Ejfff,_—-—-————"" - 3785.4 cm’
S | . 28352 8
Mass o
11b 0.45359237 kg
1 cwt - 50.802 kg
1 ton -1016.06 kg
_____//——1-—:1;//’ - 0.13826 N
Force 3 fbf - 44482 N
kgf - 9.806 N
1
- 9.964 kN.
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Fncrg_\- i _l—ft -I;f—_ - 1.355 |

1 ft pdl 0 0.0421 ]

teal . 4.1868]

1 erg - 107 ]

1 Btu : 1.05506 k]

1hph : 2.6845 M]J

1 kW h :3.6 MJ

1 therm : 105.51 M]J

1 thermie : 41855 M]
Calorific value 1 Btu/ft® :37.25 k] /m?
Velocity 1ft/s :0.304 m/s

1mile/h :0.447 m/s
Volumetric Flowrate 18 /s :0.028 m?/s

1 UK gal/h :1.2628 cm?/s

1 US gal/h :1.051 cm? /s
Mass flowrate 11b/h :0.126 g/s

1ton/h : 0.28224 kg/s
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/"' Table 7 °°ntinTe ‘C: 2 e e ——31‘
" OMversion factars for ST GG
mer unit m 116/ ors for S| units el
I . 703.07 kg/m”
11b
i - 4.8824 kg/m’
1 1
e ‘Me‘ . 39230 kg/ km’
Density 1) i :
1 27.680 g/ cnv
L Ih/fe - 16.019 kg/m’
1Ib/ UK gal . 99.776 kg/m”
11b/U : 3
_— /US gal .119.83 kg/m
Pressure 11bf/in2 . 6.894 kKN/m?
1 tonf/in’ 15444 MN/m’
1 Ibf/ft - 47.88 N/m?
1 standard atm -101.325 kN/m?
1 atm
(1 kgf/cm?) - 98.0665 kN/ m?
1 bar - 105 N/ m?
1 ft water - 29891 kN/m?
1 in water © 249,09 N/ m?
1 mm Hg :133.32 N/m?
1hp (British) - 745.7 W
gy i - 7355 W
1hp (metrlc) : -
1 erg/s ; 10—7 W
: 1%
1 ft Ibf/s - 1.3558
1 ton of refrigeration| - 35169 W
— 1 ft/s :0.13826 kg m/s
Momentum - - 0.042 kg m?/s
11b ft/s -
Angular momentum = (Poise) 01 Ns/m
Viscosity [)ynamic ! b 04133 mN s/ m?
116/ - 1.488 Ns/m?
s
116/ - 0.25806 cm?/s
G 1 1/0
Viscosity kinematic
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1.2 MEASURING!INSTRUMENTS

:Meﬂ{fin’g Instrument is simply a device for determining or

ascerfaining the value of some particular quantity or crmdmon) The value

determined by the instrument s gcncrally, but not necessarily, quantitative,

Measuring instrument may be required to indicate, record, register, signal or
perform some operations on the value it has determined.

121 CLASSITICATION OF) INSTRUMENTS

Measuring instruments are classified based upon their function or the mode
by which they incicate any change in the quanmy to be measured.

(A) (lassmcanon based on function :

f\n-—— p ’

s Indxcatmg type : These: mstrumcnls have some kind of Calibrated
scale and pomtcr Any change in the quanhty to. bc Mmeasured is indicated by

}. R il

inangé in pomtcr pos!uon on the. scalc)Scalc has cahbrauons in terms of values

.u---

z W-}Jr‘-'ﬂ-

2. .f’Rccordmg type s Thcsc instruments continuously make a written
record of valgesof asured qﬁgﬁtlty agamst some other variable like nmc
e.8. If furnacc is cooled and these coolmg temperatures are sensed by rccordmc
typet tempcrmure measurmg mstrument ‘then plot ‘or graph of furnace

lemperature against time-is- produced by the mstrumcnt)

B Sngn 2ling type : These mstruments only indicate that the values of
the meaqurcd quantity are w1th1n ccrtam spccxf:ed range of values. Thcy do not
indicate the exact values of the quant:ty e.g. Level switch- indicates whether
level of liquid inside ‘the tank i$ to0- low or too hxgh with reference to certain

~ fixed level,

4. Registering type. : These instruments record only discrete
increments in thé values of the measured ‘quantity, by some pumbers or some
“other symbols e.g. Some automobllc spccdommerh register | km change in the
distance travelled.

.0y ransmitting type : These mstrumems merely carry the
informalion regdrdmg the measurement from the leM of measurement Lo some

\

remole point ¢ gtclcphone lmes .

0. Mﬂ"ipulatmg type. : These mstrumencs perform certain OW:?M
on the value of the quantity. e.g. (i) flow integrators mmr&!&vm rate of tlow

measurement, (i) dnf ferential pressure sensbrs campm tht pressures between
(WO points; ; ‘

A single z_nﬁz.\sf&;j(fﬁn 2 instrument can combine aitm" inci

R A
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(B) Classification based on Working

1. Automatic Instruments @ These instruments do not rcquirg the
manual assistance for their functioning e.g. Mercury thermometer, float operated

level sensors,

2. Manual Instruments : These instruments require manuval
assistance for their functioning e.g. Resistance thermometer with Wheatstone's
bridge indicator requires manual adjustment of null point o get the
corresponding temperature reading,

(C)  Classification based on Source of Power :

1. Self-operated : These instruments temsclves generate the power

required [or their operation ¢.y. Mercury thermometer,

- Power-opcrated ¢ These instruments require external power supply

for their functioning. This power may be'in the (orm ol‘c'léct'rioiLy or compressed
air or hydraulic supply,

(D) Classification based on Mechanical C,Onstruczi_o.n -

L.. Self-contained : Thesc instruments have all of its parts enclosed in
one physical assembly, c.g. mercury thermaometer., '

2. Some instruments have different clcmcms,qqnt_aincd in different
physical:assemblies connecicd by datu transmission clements e, R.T.D.
; : APERR .

T THE ‘MEASURING  INSTRUMEKRE. .

: LR g

, _ ure spring thermomeiér fféfc?‘%i“g. 2.6 page 28)
that consists of a thermomdier bulb, 4 capillary and Bourdon spring, all filed
with mercury. Bourdon spring is connected 1o the ‘pointer through adjustable
link, sector, pinion ¢t¢, - ;

L. Primary Element : This clement first reccives the energy from the

measured medium and utilizes it 1o produce a condition representing the value of

.

the measured variable.

In pressure~spring thermometer, the bulb rcpresenls*lhe-pgimary element, 1
first recgives the heat cnergy from the hot bath, thm‘catusc@s.::expaj'nsion ol mercury
inside the bulb and capillary. This changes the pressure inside the Bourdon tube
that represents change in temperature around the bulb,

2. Secondary Element : This clement converls the condition
produced by primary element into the condition uselul for functioning of the
instrument. :

In pressure-spring thermometer, Bourdon spring represents secondary
element because it convens change in pressure of mercury inside it into

. mechanical displacement of free end of the Bourdon spring‘\vhich I8 necessary for
functioning of the instrument, '

- 3. Manipulation element ; This clement performs certain ope_;au‘ggg;
24 the condiuon produced by the secondary clement, | i
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1.3 DESCRIBING AN INSTRUMENT

Any measuring instrument can be completely described with the help of
following :

I Operating principle.

2. Construction of sensing and indicating element.

3. Working of the instrument and working substances used along with
their measurement ranges.

4 Calibration procedure,

5.  Performance characteristics.

6. Advantages, limitations, applications, etc,

1. Principle : The operating principle of the instrument states the
condition chosen in terms of which the measuring ‘quantity is measured.
Obviously changes in this condition should be proportional to the corresponding
changes in the measuring quantity

2. Construction : Actual physical construction of the instrument
describes the mechanism used for measuring any changes in the condition chosen
that are duc to changes in the measured variable. For the instruments havmg

»rate sensing and indicating elements, they are described separately. ’
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The information about the initial and mainténance cost of lhg instrument
should be given.

3. Working : While describing working or functioning of an
instrument, we ymagine that sensing clcmcnt of the instrument is subjected to

changes in the measuring quantity, then we describe how these changes are
mdicated by the indicating element. i

The desirable properties of working substances that \.an be used in the

mstrument are 10 be stated and finally list of different workmg substances used
ongwith their advantages, limitations and measunng ranges should be given.

<

4. Calibration : Calibrating an instrument. means conclatxng its
reading or output with the corrcspondmg value of- ‘measuring: quanmj This is
usually done by subJoctmg the primary or sensing element of the instrument to

known value of measuring quantity and the. cor‘respondmg pomter (in- case of

:r:-:;'wg nszrumcm) or pen (m casc of rccordlng mstrument) posmon is

......

the :cspecuve mdncator markmgs is subdlvxded mto suxtab]c number of equal or
unequal parts so as to prepare the scale Thxs bemg very: tcdxous procedure
usually instrument is cahbrated by comparmg its performance wnh the standard,
pre-calibrated instrument when both are subjected to xdcnucal input and other
condilions. ; .

5. Performance Characteristics : Static as well as dynamic
characteristics of an instrument are o be stated These characteristics help us to
choose the proper. instrument for the specific purpose. Also the performance of
different instruments for the same ppphcauon can be compared. The various
factors which may produce error in the instrument reading should be. stated
alongwith the magmtudc of error and the means of mxmmu.mg these errors
should be stated.

6. Advantages, Lxmltuuous, Applications : These points
. .provide the basis for comparing different instruments used for same purpose.
‘This enables proper selection of the. mslrumenl for the specific measuremem
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TEMPE RATURE MEASURING INSTRUMENTS—-—

/ I«\PM‘SIO\' THERMOMETERS -
' 1. Solid expansion Lhermomewrs — Bimetal Lhermomﬁlef

2. Liquid expansion Lhcrmommcrs — Liquid in glass or metal bulb
thermometer, 5 .

3¢ Gas expansion Lhcrmometers — gas thermometers. '

'B. FILLED - SYSTEM THERMOMETERS
(PRESSURE SPRING THERMOMETLRS) -i:-

f

{

f 1. Gas—ﬂlled l.hcnnometcrs

‘ 2 qumd-ﬁllcd Lhcn*nomclcrs -
37 Vapour—prcssurc therrnomctcrs

kc. ELECTRICAL , TEMPERATURE ' SENSORS -
‘,_/ 1. Resistance lcmpcrature detectors (RTD)
’ 2. Thermislors
/ 3, Thermocouples
| V RADIATION TEMPERATURE SENSORS —
| ~.  (PYROMETERS)
{ 1. Radiation pyrometers

{L' 2. Opu"cal pyrpmctc:’*s
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/ INTRODUCTION T0 'lI“MPFRAT
Heat and 'Iemperature'

Jemperarure of the substance represents S itS the
coldness. According to the Classical Theory hear i chagiindl State i.c hotness O
w a‘ ls a for-m Of ~~~~~ i
with the random or chaoti¢ thermal motion of the energy associates

mo
measure of heat and acts-as the driving force or m[cml;’cfgies Temperature is a
cal transfer.

Temperature Scales

Temperature scales represent the Lempcraturc of the body quantitatively.

“The International Practncal Temperature Scale
was establlshcd by an internationat commission in 1948 with
1960. A revision of the scale was finally: adopted in 1968 and is reproduced in
Table 2.1, ’I‘h:, scale is dcfmed by fixed points which . are reproducible
tcmperaturc pomts established by physical constants of readily available
materials, Imcrpolauon between these fixed points is made by several standard

‘measuring mStrumcms

(IPTS) : IPTS
a text revision in

Table
i Basic or Primary. Fixed. Points
'I‘emperature Defining fixed | Interpolatmg
0 gras ! PO L e mstrument |
- 183?169  Oxygen, liquid-vapour Plaunum resistance
":'.“»_: equilibrium thermometer |
():'.’QO- : Water, sohd-lnqmd Platinum resistance !
! cqwhbnum _ thermometer
0 01 Water, triple point Platinum resistance |
; thermometer !
N\ 100 00- Walcr,: liquid-vapor Platinum resistance
: equilibrium- themnomesr . -
419:;:53. ‘|- Zine, solid-liquid Platinum resistance z
eq\nhbnum ' thermometer i
44467 Sulphur, hqmd vapor Platinum resistance §
i equilibriom® | mcrm;)gj;telgh {
061,62 Silver, solid- nqum PP + ol :
2 equilibrium mcnm)%Ol;P ;h
C pupr# ]
1064.'.43 Gold sbhd-hqu‘d : R I:t b & i o
T ? ﬂm an t:) Classical Theory,
Absolute 7ero ’Pemperature 1 Accor lrgc)le(:ular motion is at a ¢
absolute zero temperature. is the:state in wthh
mlmmum which is related to Thcﬂhbdvmm‘cs‘ L

‘ 4 : Y ek CURBREREOR IR i ertohe o |
, 2 _,..-g-“. A iRt s
AR BOIDE =

Scanned with CamScanner



N e e R A (T

e o
A

BT e

RN ot A~ ok o

¥

A
I
|
¢

by
I

| ss Control . 1 "
Moce 15 : Tempeyatgre Measurement

re five differen ' ! | . :
There a Liemperature scales used in practice viz, ,({"rm‘gr/ade

= o

or Celcius (°C), Fahrenheit (°F), Kelvin or absolute (K), Rankine of Fahrerhe;
absolute (°R") and Reaumur (°R), / M

1. C_e‘n{.i__g_rgq,g,,Q.t.‘Cel.c.ius Scale ~ ("C) It was introduced about
1740 4nd is commonly used in European Countries. 1t has ice-point at 0°C and

‘ , o) Thie o
sieam—point at 100 G, Fhl; scale depends upon the selection of working

substance used.

2. Fahrenheit Scale (°F) : IUwas inwroduced about 1665 apd’is used
in most English-speaking countrics. It has ice-point al 32°F and steam-point ay
7120F, The zero-point or starting point temperature -is 0°F that represents
emperature of certain salt-icc mixture,

o and OF scales temperatures are related by -

OF = (Y8%0C) + 32

3 Kelvin or Absolute Scale ("K) : This is thermodynamic

emperature scale. It was suggested by Lord Kelvin. This scale is based on
mechanical work which may be obtained [rom a reversible.Carnot heat engine
working between the two lemperature limits. This being thermodynamic
property, is independent of the working substance used. The number of such
reversible heat engines are arranged 10 operate on Carnot cycle such that each of
them except first, receives the heat given out by its predecessor, then.temperature

change through each engine would represent temperature interval on the scale.

The engine that discharges no heat is taken as 2ero-point of_{;’ﬂﬁé sc¢ale. This scale
has ice-point at 273-16°K and steam point
temperatures are related by —

9K = ' °C +273.16
[l is also called Fahrenheit absolute. scale

4. Rankine Scale (°R"):
R as io 79R as steam—point. °R’ and OF scale

and has 491 7%R as ice-point and 671
temperatures are related by -

OR' = OF +459.7 _ i
This is called absolute scale because 1t hag absolute 2€ro as one of the

reference points.

~ 5..Reaumur Scale (°R)

industries. 1t has OOR as the ice-point and 8

. This scale is often used in alcohol
(OR as the steam-point.

Scanned with CamScanner

at 373.169K. °K and °C scale.

L™ o

\

oS

LS

e



B —

Instr. & Process Control - 16 Temperature Measurement

S » - -
Comparison of Cemperature Sculey —

Seam-point - 100 + 212 4+ 332 4 ens 4 80

Ice-point Rt 30 4= 2730 + 4917 T 0

Absolute zeroF—2732 +-4597 + 0 4+ 0 22135
SR N Byl °R
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EXPANSION AND FILLED
SYSTEM THERMOMETERS

B L

= —

2.1 EXPANSION THERMOMETERS
INTRODUCTION

|

Usually matter (solid, liquid or gas) expands or contracts with change in

,_\eralure Hence any changc in lemperature of matter can be measured in
ms of its volumetric expansion.

~—
’J

,.
l”)

211 _SOLID EXPANSION_THERMOMETERS
(Bimetallic thermometer)

These thermometers uiilize the changes in'thermal cxpanqnon of solids with
lemperature, for measuring temperature around the solid.

L. Principle : Solids, particularly metals change their volume with -
iemperature, and this coefficient of change is not the same for all metals. Hence

any change in temperature around the bimetal strip can be measured in terms of
the free-end deflection. |

I1.! Construction and W(,)r'ki-ng ‘

(4) Bimetallic strip : b i
ow-cxpansionj
mctall .~ ’/\) :

High-expansion
meta)l

!-‘ig." 4 Blr‘netal'lilc strip (Stralght  form)
i any |

Scanned with CamScanner



nstr. & Process Control k 18

—EX. & Filleg System Therm.

For utilizing thermal expansion of
bimetal strip shown in Fig. 2.1 is used,
logerher, each strip made from a mel

solids fS)l"lcmpemuuc mcasurement,
It consigty of WO metal strigs weld

. " al hnwng"dii’r'_cf'cnt cocfficients of therma
xpansion. In Simple straight [orm, bimeal sirip is [ixed
i

L

canulever beam, while is other end 18 [ree to move,

X,

~

—_— C

< al one end in the form
o _
Working . Since WO metals used in bimetal Strip have different
coefficient of thermal expansion (i.e% expansion Per unit length per unit
cmperalure change), theinctal halving high coeflicient expands more in length
than the’meral ]ha'vi'rig rcl_uli,vc{ly"low_ cocflicient of thermal €xpansion. Since
these two metals are bonded in cantilever form, as l€mperature around the strip
increases, the strip bcnd_s'_u)wards _Lhe-mdl.ql having low thermal expansion
 coetficient. Thus free end of the strip gets dc'fl,ccled_zmd this free end deflection is
nearly proportional 1¢ the change in lemperatare. This free end deflection is -
(1) directly proportional 1o the Square of the fength of the strip, and (ii) inversely
proportional 10 the thickness of the. metal, This free end.deflcction-is coupled

with the pointer that moves on the scale calibrated in ICmperature.

Working substance : The metals used in bimetallic strip are - low
cxpansion melal ~ Invar (G4% Fe + 36% Ni). high expansion metal - Brass,
Nickel, Ni-Moalloy. i)

‘ e A ressing) effe

’J’empera{u_re, Range Range is rostricted by creeping (stressing) elfect
at high lemperature (6 =75 10 5-’105'_’_@." :

Free G”'C.'i;-;'ijtlér‘l.cction'* of the bimetal strip increases with 'm::ur:eazclbwalr?r::
lengih. Hencg, 4o get considerub y lurge deflection for small ‘Pmdpeit‘ribc ) belg )
08 bimetalStrips are arranged in spiral of helix s
Kn&'wing thc-i{fiﬁi‘:mciem of expansion. of two m?taIS. their :‘h' :
scale length and range, the total length of spiral is computed.

(b) - 'S'fﬁ'{iftal bimetal element 'tllel'ri\(:l119tet : | is wound such that
In spira'j‘;'fii’rrangcmcm. bim\e-lijl strip lixed 4}{9“" ?rg';é end of the strip is
turn diumc_mfff@des on 'inc_'rea'ls‘i’ng_as shown in F 8. 22
fastened to thé.case while other end is connected o pointer.

o\
\ £
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L pm——— ' \
s Case [ Dial
: F |
ke I
v I
: I | _~Dointer .
E' w] ‘,,..“igh-cxpnnsion
; | metal
5 | | Low-expansion
3 | metal
|
5 7
{HD
' ol
B % |
|} _./
Fé L
; ;?ir“.‘lczaliic element
| fastened 10 case” .
Fig. 2.2 ¢ Spiral Bimetal element
Working : As temperaturc around the spiral increases: the cpnl, %cts
 iohwened or wound. This causcs movement of the pointer connected to the free
: (¢) Helix bimetal element thermometer :
L.
2 Pointer,
‘Helix bimetal element B
Thermal well
f i
Fig. 2.3 : Helix Bimetal element | |
in Fi imetal strip is w paxiall ;
3 In helix arrangement shown in Fig. 2.3 bimetal strip 18 -“(;::tgni% tocm)c’ |
such that all turns are of same diameter, One end of tha, Sernp lsénnec[cd i |
- case while itsiother end is connected 10 the shaft, The shaft s G :

| pointer that moves on the'calibrated scule. A metdl ll‘i(‘,rnml.w‘@ll can be used

¢ around the helix stern for protection against co,-ro:‘\-ion.and t>;e§ikagg<.js aeunwldds ‘ i
In single helix arradgement, the ¢oil MOVes axially 3«3” wi s AN (4

with change in temperature. This requires clearance for veftical "n“"v?a B ¢l

. pointer, To overcome this difficulty, a multiple element onnd »CQ‘,‘M . {has e o

. hat forms coils within coils. This construction 1s mor¢. costly bu - v

; advanuge in requiring less immersion depth.

SaE ST E

s T
; e PR

s PR T ST e X OARCUE
% L i S e R P REE TR AT TR ?
i AT e '
e AT e y ; )

AL, ‘|i,'.l'~’,\|v‘.‘-'l|‘ VAR N O AN Dy i AN . y :
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“around it. This changes the temperature of well and hence g

aletae —‘—"“":A‘J- T ' Therm.
Instr. & Process Control 20 Ex. & Fille M
e portion and silico
c .
[he vibfﬂuon an

The assembly is scaled using a dry gas in the dial fa
fluid in the steam around the coils that dampens the dampens
accelerates heat transfer. it

. r wit

Read out dials are available in ranges of 50 (o 125 mu

stem length upto 600 mm. “

& pen. Such 2

reasonably

1 in diamete

-ny that

: 2 pen L
A sturdy bimetallic element can be used to actt _
moves on a chart driven by mechanical clockwork, behind the
recording system is independent of outside electrical power and very

priced.

Working : When temperature syrrounding the helix TISES, the b‘met‘?ql_
expands and the helical bimeul rotates at its frec énd. This free end r'\')Lz}uone(.j
coupled to the pointer via shaft, due to which the pointer moves on calibrat
scale. .

“III. Calibration : Bimetallic thermometer is calibrated by inserting It
fixed temperature bath and its response is compared with that of a standard
thermometer immersed in the same bath. Calibrations are marked for different
bath temperatures and then scale is preparcd. :

[V. Performance Characteristics

A. Static Characteristics

1. Accuracy : A properly installed bimetallic thermometer has accuracy
of £ 1% of span.

The factors that may introduce static error arc —

(a) Ambient temperature ¢ffect : The ambient lemperature has very little

- effect on the accuracy provided bimetallic element is well inserted in the hot

bath.

(b) Immersion effect : 1[ the bimetallic element is not well inserted in the
hot bath, then conduction of heal takes place along the thermal well to the
outside. This causes decrease in well temperature that results in incorrect reading

To minimize this effect,thermometer well should be well immersed in (he hot
| A0t

bath and the exposed parts of the thermometer should be-y Al 23
well, well insulated from the

(¢) Radiation ¢ffect : Hot thermal well delivers hea
around it and it receives heat by radiation from the compa

errors are minimized by_consuucLing radiation shield aroung the bimera]
2. Reproducibility : The factors causing calibraiigy drift 2 ’
(a) Mechanical and thermal suesses in bimetal steip. v
(b) Fatigue and creep ol bimell strip,

elements.

10 the cold bodjes
frau'we,ly hot bodies r
bimetal, Radiation ;

. itivity : Decad zone depends on . i
3. Sensitivity d zone depends on the Slarting (riction in e ‘Z
ving !
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nstr. & Process Control. . 21 Ex. & Fliled S"’)"/fs,t'e_Bm Therm,

B. Dynamic characteristics

The seed of response depends upon the mswllauon condluons and
u;;wvt"”SUCS of ‘the fluid surrounding the thermometer, Time constant of
response:1n MOVING air is normally larver than ina moving liquid.

V. Advantages, Limitations, Applications

Advantages 5

(a) Lowest as compared 1o thermal and electrical sensors.

) Rugged construction, less subjected to breakage.

) Reasonably accurate. .

(d Easy installation and little maintenance.

{c) Considerably wide temperature Tunge,

) Nearl_y lincar responsc.

() Canbe equipped with recorder, -

(h) Helical coil-can be designed to fit into a stem more ca;ily than the
spiral.

Limitations

(@) High accuracy cun't be obtained.

() Itis to be mounted at the point ol lemperature measurement,

(©) *Remote indication of lemperature can't be obtained,

(d), Rough handling changes calibration.

- Applications : Bimetal thermometer can be -uscd where- local
lemperature indication is required and peint ol mgeasurement is casily accessible. ]

—-_!“J"

(/212 LIQUID EXPANSION THERMOMETERS -

(quuxd in metal or. glass bulb lerm()mc.ter)
This is the first closed thermal expansion system and has been known
since. Gabriel Damcl‘Fahrenhcxt investigated the expansion of mercury in

ENghteemh century., |
14 Principle 1 All hqunds* expund  with rise in temperature. This.

Voluxhctrxc expansion ol' liquid is proportional Lo the: rise in lemperature, hence
i volumetric expansion of/liquid cun be laken as the measure of its temperature,
- The relation between volume of 4 liquid and its Lcmpcmlure is given by —

vr = Vol +°T+DT2+Y”) )
Where v, = initial volume -
. Vq; = final volume at TVC,

T = final temperaturc in °C. :
?4‘*\\“’3 ‘{ — cocfﬁczcme of volumcuu, exp‘manon.w
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instr. & Process Control 22 EX. & Fiec Therm.
- jon © We deseri Ml ll8d Systern TS~
[I Construction : e describe the CONStriction r o
Jermometer, shown i Fig, 2.4 (a). IFlC(‘?r\SiSlS of a,gi)a*:)wmem1""/,_:,'”"K’t::\:;'
uniform bhore (NU”_({(_{EF _};‘limgﬁ.‘l”.‘.l.n-}v_ﬁ,”a1§75?€ 7;1*;11) 5"4‘,;(‘ :?‘rﬂqffr::,‘- )L,;"J
may be TyIndrical or SpNETCAl i Sape, and has vélimmeirs ."ra,p B oins 1aru
soipared 10 that'of the capillary. (If bulb volume g ¢ 5 .- then diameter of
capillary is 0.023 mm). Although bulb and Capillary could be made from
came type of glags, 1t 18 more C()I'ch\cnt to make the bulb t_r;‘,m..,n f,‘_.ﬁ S o
cood stability factor, :\pd the capillary from a glass sasiér e 4“7';_“‘;3 =
SesTiTemonts, (he capillacy must be properly annealeq vaun k. For acc
correct bore. Uniformity - oOf bore is desirable but ney ab‘iolu(rl~‘r:«.'r'-p-;;;
hormometer is calibrated at a S””'c““.““urnbcr'of_ i g~y {";,; ol
olass sicm 18 lens shaped as shown in Fig. 2.4'(h) so asie magnify smal

------ R Yl ; 10 Magnify small
diameter mercuty column inside the capillary, The rear end of the sterm 15

enameled white, that gives the background for visualising mercury column
A4 clinical thekmometer has a restriction purposely placed in the capiliary which
srevents the mercury from  returning towards the bulb when Hermometer is
removed from the warmer object,

The mercury (or any other working liquid) fills the bulb and the part of

S
- "

aCity very large as

the
”

he capillary. AT Tilling capillaty, Qpen end of the Capillary is sealed 51 under
vacuum such that no air is left in ’ih"e‘“caprttary-:-éccasiorfﬁl"ly, the space above

xﬁé-ré'ﬁ'rm)'/“‘iﬁ\s"iHE"’L’]E‘EE'{)T‘IHH‘"_'r‘ﬁay be filléd withan inert dry gas, such as Nitrogen
s0 as 1o increase the temperature range. : i

Industrial thermomeéters (shown in Fig. 2.4 (c)] have capillary enclosed in
a metal case while bulb is'inserted into a metal thermal well. The thermowell
minimizes accidental breakage of the bulb without much effect on accuracy, dut
it may reduce,the speed of response of thermometer. Thermovwells are generally
made of brass, steel, iron, aluminium, ét¢.

== luss stem

'—-,Oap'mt.'g'xjy:'

White vitreous,enamel

----- 1=Bulb

Bore  [ens shaped end

i
1
't"

\

srhadyly
4

L

i e M ETCUT Y

F R
.

/ (¢) Industial form
(h) Stem c/s

Lt 2.4 ; Mercury~in-glass thermorneter
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Ex. & Filled Systom Therm.
- Working substances and thejp temperature ranges : u I
8C3 1 Vsually

mercury is used 28 working substance i lquid-in-glass thermometers. Tha
emperature range” of mercury-in-glass the A e

0 i |y \
poiit (-39°C1 and boiling point (3589C) of mereury, The upper limit of (e
range can bg‘mcr‘cascd u,pto.5380(j by elevating the §.p. of mercuty, that 1
achieved by charging pressurised gas (like Ny at 30 16 300 psi) above r'ncrrur;
in the capillary. For temperatures above 5389C, mercury, starts boiling and

vapour pressure effects ‘play important role, Advantages of using mereury in
liguid expansion thermometers are - ]

I, wide lemperature range between its freezing and boiling points,

2. the coefficient of cubical expansion of mercury is nearly eight times
that of glass.

non-wetling characteristic towards glass.

The ather working substances that can be used are -

() Alcohol (=80 to 70°C)

(b) Toluene (=80 to 1000C)

© Pentane 000 (63006

@) Cresole o (=5 t0'2000C)

ITI. Working : For temperature measurement, the bulb of mercury-in-
glass thermometer is immersed. in the bath to ‘a sulfi¢iént.depth. Heat energy
from the hot bath is transferred 16 1he Wworking substance like mercury through'
:tﬁé?ﬁi"z'ilmfw”;l:]_‘;stém and bulb mainly by conduction, On receiving heat, mercury
expands more than glass because coefficiefit of cubical expansion of mercury is
much greater than that of glass. Since volumetric ¢apacity of capillary is very
smaller than that of the bulb, the thermal expansion of mercury causes rise in
mercury level inside the capillary. Thus mercury level inside the capillary
changes with temperature of the hot bath. The top of the mereury column read
against the scale gives the bath température,

Working of mercury = in - glass thermometer

Change in bath temperature = mercury expands or CORIraels. = mercury level
inside the capillary riges or falls to indicate bath temperature

IV. Calibration ; First ice-point is marked on the thermometer. For

this the thermometer is well inserted in an ice-bath for certain period, then

- mercury Jevel is marked as 0°C by observing throu'g-h.t‘élescopc\ USU&!')’
mercury-in-glass thermometer is calibrated by comparing itsperformance with
some other standard thermometer, provided both are dippe J.in the same ‘bath
under identical conditions, The type of bath depends upon thejtemperature;range

1 Lok . LAl W 3 .:‘., hf\
over which thermometer is to be calibrated. When both thermometers: reac |

thermal equilitrium with bath, corresponding lermpers ture reading is marked on -

‘ G
ol e SR ST P
e e e TR B TR RT3 X XY N ONATR '
i e IR AT A R A A R

mometer is restricted by freezing
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Instr. & Process Control 24 Ex. & F1 arures Wit |
] . ¢ mperad ,
the stem. This procedure is repeated (or several known bath Lijinpg marklﬂgs
the desired range and then intervals between the corrcspon _
equally divided by a dividing muchine. '
V. Performance characteristics
A, Static characteristics: Lhprmomﬁ[f’r
1. Accuracy ! 1% ol span.  To achicve this accuracy
bul ' : 0 - L
ulb should be installed such that fficient

4 ' \ 2} I[h Su
(@) surrounding bath medium would [low around the bulb W s
speed so that rapid neat transfer takes place between bath fluid and mer ;;rsion
() it is dipped into the bath o sufficient depth, that reduces 1m
error. '
’ - : 5e.
© the swrounding temperature should be near ordinary room lemperaty

Sources of static error are -

(1) Ambient temperature effect

(1) Immersion effect
(i11) Radiation effect. i
2. Reproducibility and sensitivity Reproducibility of
thermometer depends upon the extent of ambient-temperature effects and
calibration drift. The contamination of purc working substances at high
temperature also cause calibration drift. Since mercury thermometers developes a '
large force in‘thermal system, its dead zone is small i.e. within 0.05 t0 0.10% of
full scale. ,
B. Dynamic characteristics :
The dypamic response of mereury thermometer. is determined by the
following factors : '
1. thermal characieristic of bulb, well and working .\'ul')sz‘an.ce like — |
| (a) thermal capacilance,
(b) thermal conductivity,
- (¢) swrface arca per unit mass, !
2. Ihe ,charac‘ten's/ics of bath fluid surrounding the bulb like —
(a) outside film coellicients of heat transfer,
(b)  mass flow velocily,
(¢) thermal capaciance and condugtivity,
~ For better dynar'nlc,resgansa, bulb shouldﬂ;‘,av;'a e
small mass @ small specific heat and a high ”‘Grmala?e ; .
~Dip effect : If melal bulb is used then metal buly expa'nds Oﬂductivlty -
: suddenly with

S Causeg tem,
b em g
; POra,ry‘net
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contraction of volume of

li ui "' “ S g y
jrection of temperay Quid, that causes the instrument to indicate a reverse

ure change. The lag duc to dip effect is 0.01 min,

Effect of bath : - ' ' '
, medium : Time constant of response is larger in

oving air than that in movine 1ie..: : : 4
m Moving liquid. At higher temperatures the time constant

\ .

scls reduced due to radiation effe : : ity g Gyl e

£ . cts. Time ¢ t decreases witl

cpecd of Nluid past the byly, onstant decreases with increasing

{ t %
Effect of thermal weyy . Thermal well increases the time lag of the

.\j»‘mnometer. This 15 mainly. because 'due 1o presence of thermal well,
mcnnomete{ becomes second-order system. Heat is transferred from well to bulb
by conduction, convection and radiation. Since heat transfer by conduction
depends upon area of contact between bulb and well, the space between-them is

‘ aphite, oil, or mercury. This increases speed of
response of the thermometer, When liquid is filled between bulb and well,
convection heat transfer rate increases. If space between bulb and well is not

(filled, then at temperatures about 540°C, most of the heat is transferred by

radiation, F.or. good radiation characteristics the radiating surfaces must be rough
and well-oxidised,

V1, Advantages, 'Lim_ltations, Applications :
Advantages :

(a) 'Low cost,

(b) Considerably wide temperature range with small bulb volume,

(¢) Less space is required.

(d) Easy installation and 'long life.

Limitations :

(@) The scale of thermometer is not exactly linear because

(i) expansion and contraction of glass envelope cause change.in volume of
mercury inside the bulb. A

(i1) coefficient of cubical expansion of mercury varies with temperature.

(iii)  when mercury ises i the capillary, it compresses nitrogen-present
above it .(i e. used to elevate the B.P. of mercury) that causes elastic expansion
of thermometer walls and cor_nprcssion of mercury volu.mc. 5 .

(b) -Th.ermomc‘ter canfvl. be used for measuring rapidly fluctuating

@mperatures. _ |
() Itisto be _mouptcd near to the poin
@) Difficult reading. '
¢) Non-adaptability to recording or automatic control.

{ of measurement.

(f) Liable to breakage. -
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Applications Mercury thermometer

is ,
measurement in = used “for temperatur®

() open ranks containing liquids

(B) cooking kettles
(¢) molten-metal baths

@) - steam-lines
(¢) air-ducts. |
»2 FILLED SYSTEM OR PRESSURE SPRING
THERMOMETERS"
Billed thermal elements consists of a small bore tubing having bulb

.

connected at one end and.a pressure gauge modulated in a readout fnstrument at
the other end. The whole system is gas-tight and filled with an appropriate
confined gas-or liquid under pressure. |

SAMA Classification of filled system : The Scientific Apparatus
Maker's Association (SAMA) has classified filled system thermometers into four
ma)or categories according t0 filling material and then according to method of
ambiernit temperature compensation, (‘TAble 2.1

Table 2.1 : SAMA classification of filled system thermometers

SAMA Category "v.':l'"y'p»é'slof compensation "Fillir‘\g medium
I | N J
LA | s e Liquig
B | . Case et '
i e
I-B Not required Vapour
el !
e @ Bt
I Gas
B T i g '
Vel 7 Full ‘ Mereury
b T ey cdaid e B JEPUREEE——

1. Principle
Liquid-filled thermometers = These thermot
expansion of liquid with rise in temperature for indicat

neters utilize volumetric

ing (emperature of liquid.
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) (rr\ Me (€} \ - } rC\\\”L UI \\ ru‘Hn ﬂxcd volumc Of gas Vaﬂ"§

rs-filled ¢
ith 18 :mm“ of the gas. Thus anyschange in temperature of gas can be
4 1n terms of change in IS pressure

ipour-pressure_thermometers -, Vapour= ~pressure of a volatile liquid
Th iemperature of liquid. Hence, any ¢change in tcmpcraturc of a volatile

~.AA\ \"

var
' can Be measured in terms of change in its vapour-pressure.

—

II. Construction and Working

ral, a filled system thermometer consists of ‘a bulb, capillary,
hermal kf;“ and extension neck. It is preferred to use the largcst'posmble bulb p
~=~;~ ses ambxcnt tcmpcmturc errors, pcrmxts smallcr spans and:larger

viles N

o~

fn

na
\
A

not under pressure and will not harm the bulb matcnal Long, thin
be le bulb gives high spccd of response if used for scnsmg the average
:emperature in large areas. A long bulb may be coiled for measuring temperature
of gas flowing with low velocity. Bulbs are usually made of stainless steel
which is relatively mcrt and withstands high temperature.

The capillary is usually relatively fragxlc. thin-walled:and it is protected
by 2 flexible armored stamless stccj or PVC covered bronze tubing. '

An extension meck to bulb prevents the tubing from being immersed

di y in the measured medium,

M

/ A. Construction and ‘Working of - anmds\semleﬂ thermom§ters S

(Class T type) .- 7 T2 & ek Qo st .0
Construcnon

System is 'com lctcl filled with inert h

 The ¢
(1) pressure inside the. system must be greater than the va
in the mssure ring; and

nn‘-:-t::." e !
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Temperature/
scale

Bourdon tube

Tcmperaturev
Sensitive fluid
Fig. 2.5 : Liquid-filled thermometer

Class I type systems are further classified based upon the extent of
ambient temperature compensation. Rise in ambient lemperature causes
thermal expansion and increases pressure that affects reading slighuy if
compensation s not provided. The case compensation is provided only f ‘
instrument case i. e. Bourdon spiral. by el

1f compensation is provided for both capillary and case then it is called
full compensation. The further classification of Class-] YPe systems is gj as
below ; glven

ClassI-A type : These systems have fyl] com

: Pensatio 3
ambient temperature effect, N against

Class I1-B type : These systems

have case ¢ A
: Oompensatj
-against ambient emperature effect, Salion only,

(Compensétion detail are discussed under soure

' rees of static
of this artice) s

CITOr at the gng
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inserted in the bath whose

working When bulb is sufficientl
eat from the bath until

wre is to be measured, the bulb liqui

emperd = — tne . .
s smperature equals bath temperature, With change in temperature, liquid
¢ Bourdon tube. This

expﬁ”ds or Corlt{acts that causes winding or unwinding 0
frecLil of the iscoupled with the pointer that-moves on the

f

l

i ol ' trictly speaking liquid fi
% c;z,lb“%tud scale or with the pen of recorder. Thus strictly speaking liquid filled
{

[

|

K

,,.’//-—_-'—’— N . T 0
:Iﬁsﬂ:fj?‘;‘l"jr '?da ‘Ol}lme_thennOmctcr rather than pressure thermomeler. The
“f‘“’”ff’_/é)—-l%'u‘ hf@U1§ed in the bulb is determined by the expansion coefficients
o 1iquid and change in volume required to operate the pointer over the full

iosired rADGE—

]’enlpérﬂture range : —87°C to 371.0 C

~'p. Construction and ~working . of . Vapour-pressure
thermometer (Class II type) : The construction is very similar 1o~that#of”
iquic-filled thermometer shown in Fig. 2.6 except that a volatile liquid partially
flls the system. Since vapour pressure of lqus surface -

- (egperalre, its frec”SUrface must always exist at the bulb and not in the

- capillary or press.q‘re spring. If bulb tcnib_er_aturé (i.'e.‘bzit_ll;temperéturé) is higher
then_that of capillary and_pressurg spring then liquid volume must be large
enough to fill completely the ca lary and pressure spring. while bulb remains -
partiall But if bulb temperature is less tha that of capillary and pressure

 spring then ?|b FusT be Targe enough to contain-all the liquid. The volume of
1407 required in the system should be such that - ;

()it is not too large so as to completely fill the system when all the

denses at the lowest temperature range, and

vapour con
(i) it is not too small so that the entire liquid would vaporise at the

highes! temperature range.
Class-II type filled systems are further classified based upon relative

nositions of liquid space:and vapour space as follows:

Class II-A type : ’%I‘hcsc systems have bulb mos
capillary and Bourdon spiral contains liquid. These sys
lemperatures. : ‘

Class II-B type :: _
liquid while capillary and spira

tly filled with gas while
tems are used-to measure

o bulb mostly-filled with volatile
| contains gas. These .systems are not suitable
when ambient temperauﬁxrc is same OF close to 'lh'c mcasured-lempprat}xre due to.
difficulty in having thei\‘/apour-liquid i(nterfaqc‘m the -Pulb. Thc;sc systems are
Used (o measure temperature below ambient upto — lii4 @y |
Class 1I-C type : These systems permit measurement _off.- t.emperaturcs
" on both sides of the ambient temperature. These systems experience cross:

ambicnt effect, while crossing the ambient temperature. These systems can be
used above and below the ambient tem

2 ;Thcse systems hav

perature but not through it:"
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Class II-D7type : These Systems Over Com l”ed System Therm

associated with Class II- C type filled- Sysiems, Alon € Cross-ambient c:fft’cL
liquid, a nonvolatile liquid'is filled partly jg yypy capllgwnh [l vorkine
a hy(lraulxc transmitter for transmitting vapor pressurearyf and spiral that acts as
pressure spring. These systems can. be ‘used 16 qsu? volatile liquid to the
below and through the ambient temperatures, ¢asure temperatures above,

Working substance : Temperature’ ranges of
d:ffercm
Workmg substances

o o ot 1T I CARE

are -

Methyl ¢hloride Lo (0o 500 C)
Sulphur dioxide o @_O° 10 120° C) {
Ethylralcohlol (90° to 170° )

Toluene (150 ° to 250° ¢

Ethyl chloride (30° to 100 °C) -

Water fe o (120° 10220°C) :

Working : When bulb of vapour pressure thermometer is well inserted in
the bath, then liquid receives heat from the bath and it vapourizes. The
liquid continues to boil until pressure in the system equals the vapour
pressure of the boiling liquid at that temperature, This: vapour pressure is
sensed by the Bourdon tube and pdinter-indicates the bath temperature on
the calibrated scale. When temperature surrounding the bulb decreases, the
vapour inside the system condenses, which results in deCrease in. pressure
inside the system. This decreased pressure is sensed by the Bourdon tube.
w C. Construction and Workmg of gas-ﬂlled _thermometers :
(Class 1ll-type) Py 5
. Construction : The . construction is very similar to that teilled
systems The size of bulb depends upon the type of working gas, temperature
span and length of the caplllary wbing. A long capillary can be avoided by‘
terminating a short capillary at-a small diaphragm chamber, tha}__‘_@!‘ﬁ“_‘_‘i_‘he
pressure with the help of spring. This amange ent 1s expensive but permits
much smaller bulbs than c0uld otherwise be used. )
Working substance Gas thermometers contain gases 'mics ;)mili:n;[
Hydrogen, qu'ooen elc. Nnmgen is inert and cheap but it pes reac
with st steel bulb fhaterial at temperature ab0ve 4’27" G

|
rature, the buld of gas- fme_d‘ ,‘
|
|
|

’ > . heat
—ide the bulb I& ives
Gas insid T (Gay: ussac's Law)

Ourdoﬁsplral Hengd |
Sed by pointer. deﬂecuohs on

any CRAnges It temp STAtur ' e :
the scale cahbrated in tcﬁ’ﬁ‘: of bath w:ww}b%mm3 .

e F o \,%\\ﬂ? i\“
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D, - Construction and Working of mercury filled thermometer
(Class V-type) ‘

Being liquid filled system, the construction and working of mercury filled

Cystem is exactly similar to that of Class I type systerns, Advamages of using
.rcury as filling liquid are rapid response high ‘\ecuraS{ argg powr_{or

. 11y A ol il Qo 0
“.T..ﬁmm" control elements. Thes& $FStemis can ve"iee igh workmg pressure

upto 2.8 \1Pa at hlgh temperature that minimizes any liead effe¢t error. Ambient
emperature compensation is negligible because of in¢ompressible nature of

[11. Calibration : All pressure-spring -thermometers are calibrated by
comparing their response with that of standard thermometer, when both are
dipped in-same bath under identical conditions.

V. Performance characteristics

A. Static characteristics :

1. Accuracy : +0.5% of full range.

+ 1% of span for gas systems.

Sources of static error are :

(a) Ambient tem}perature ‘effect. ¢ (For l:qutdf"lled thermometers) :
Since bulb and receiving element like B()urdon are scparated by long capillary
tubing, any changes in ‘ambient temperature around the: cap:llary and receiving

element causes error in temperature readmg

Ambient temperature compen: sation -

(i) If the ratio of the volume of liquid in the bulb to volumc of liquid in
the capillary and receiving elcment is large, say 1000 : 1, then ambient

temperature effect is negligible,

(ii) Compensation using bimetal strip ~ (case compensation)

erature at c'xpnllary and rcc.cwmg element causes free
that causes error in the tex’hpcrature readmg
osite deﬂection of bimetal strip

~ Change in amblem temp
end deflection of the Bourdon lube,
This deflection is c0mpensatcd by equal and opp
K (connected as sh0wn in Fig. 2.6) with temperature ¢
ambient temperature is compensated or nullified.

Case compensation is- adequate when case an

lemwature (near a!'l’lblem) and the length of capxllary is.not too long.

hange. Thus any.effect of

d capillary are at same -

ERLETIL TOee——

___-.— Ry STy

.‘3
l
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Bimetallic strif

Bour&on tube

., ~ / Capillary|

Fig. 2.6 : Amblent temperature éompensafion
using blmetal strip
(1) Full Compensation (capillary and case
nethod provides compensation at
:apillary,
In capillary and case compensation show

compensation) : This
the case i, e. Bourdon (ube and along the

n in Fig. 2.7/ second receiving
¢lément and capillary filled with liquid
Or gas is used, The capillary tubings of
measunng system and com
system both run adj
Changes in amb

Measuring system

Pensating
4cent o cach other.
ient lemperature cause
equal deflections of (he Bourdon lube

Pressure Compcnsating But these measuring and

3 compensat;
spring Bourdon tubes are C'onnsciegm;ﬁ
“apillary op‘position. duc 1o which these
dellections due 1o ambient tempera,
change cancel each other, Fun ¢om p:::
o371 oty i e e e
compensation. ! +10ng caplllary System
Ambient temperature cffect in gu.\‘-ﬂllcf(i.t/termomeler - G"}S‘mefmome[ S.
wve wide temperature range and hence ambient Lgmpermurc em{&'—vi‘s ‘ma“'érs
mpared to liquid-filled Ll\C-rlT\()FTI(:‘.L S, Clmnpc-nsuuon cuan be achigyeq B as
cond gas-filled capillary and receiving wiement, : "8
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Ambient temperature effect in vapour=filled thermometers = In vapours i,
actuated thermomcters pressure in the thermal system is- determined only by the
© . temperature at the free surlface of liquid inside the bulb, Hence, Lhcsc

thermometers do not require any. ambient temperature compcnsatxon Any
changes in volume due o ambient lemperature change are compensated by
¢stablishing a NEW vapour-pressute equilibrium at the liquid surface,

(b) Head effect = When thermomeler bulb is at a consndcrably higher or
}o-\x‘g' elevation than the receiving clement like Bourdon tube, then pressure head
of I‘.% uld inside the capillary aflects the pressure spring rcading. This is called as
head effect. Due 10°-head eltcc:t pressure spring shows pressure reading i.e. greater
or vmallur than the pressure corresponding 1o bulb tlemperature,

Y ooy

Pressure
- spring

A SN 2 -
% Cosss, FTELOTISOPIIDI PP NLLLLL T I T2

Fig, 2.8 Ht‘Jd effect

Head effect in’ Izquzd filled thermometers = In these thermomelers, working
~ liquid like mercury is filled at high pressure, sy 10 00 psi, henee the errror in the
reading due to head cffect is negligible. To correct for head effect error, the
thermometer is calibrated with the bulb in ity clevated or dupressed posnuon.

Head effect in gus thermomeier = Head allect is nc;,hgxb _in gas
thermometer because pressure heud of gas column inside lhe caplﬂa 5 very
small as compared L0 pressure b which gus is filled in the system.,

Head effect in vapour=thermomelers = Meud ellect error in vapour-actualed
thermometers is considerable bucause pressure inside the tharmur System is low,
+ Head effect is accounted by calibrating the LhCFMOIMEIEE Wit ‘\ulb in its clevated

or depressed position, N
(¢) Imumersion effect an thermometer bulb is n0L inseried 10 a
sufficicnt dchh in the bath, ll\(.‘ll heat conduction takes plm.é _from the bulb

ScAar'\'nnéd with CamScanner
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Olf the bully ¢ well, This results in
fa ba,lh temperatire. This is called as
it b A8 of liquid ang gas-filled
Well immersed I bath and extension
Sulated from the Bulb
For \-apogr-nctuated-lher'f'hometer bulbs, it is Aot ial rerse
the bulb far ifiside the bath; But jn these the'h'h'on;eters V;ry R 0
volatile quu?d‘in the bulb should be in g¢od'therrﬂal cantﬁfvmﬂgfﬁ f:”,:" o
(d) Radiation effect : While MEASULING teMperatures of gas or 21 the
thermometer bulb Kas tendency to exchange heat with the Ss:;)rr gan‘H !"*’-712" 4
cold solid bodies. This results if error in : % m ‘

; NG temperature reading. To minimize
radiation error a radiation shield is constructed iaround the bulb, that recuces
radiation heat loss. 5

towards the ¢old un-immersed portion
lemperature reading smaller than the gery
immersion effect, To minimize thig ef
thermometers, bulb and well shoyld be
neck of the thermometer should be well'in

L U UL

2. Reproducibility, : The reprodugibility depends unon (he
effectiveness of ambient temperature. compensation, The calibration .;:ifl;z drift
after certain time period. Hence, the calibration should be checked periodically.
The working fluids like nitrogen, mercury are used in pure from and they rema

stable over long period. But these fluids may be get contaminated or decomposed
at higher'temperatyres, that results in calibration drift.

3. Sensitivity : Dead zone of industrial pressure spring thermometers
depends on the starting’ fricri,o'p'z_\hd lost x_non_tior"g m mechanical h-nknges and
bearings of receiving element like Bourdon tube ‘or between recording pen and:
chart paper. Mercury. thermometers developa larger force in the thermal sySiem, g
hence they have the smallest dead zone of about .05 t0 0.10% of full ;calc- Gas &
and vapour thermometers develope comparatively smaller force in the thermal ¥
system, hence they. have larger dead zong of-‘about.Q.ZS% of full scale.

B. Dynamic characteristics : Dynarhic response of pressure spring
thermometers depends upon - : e |

- () thermal capacitance and conductivity of working fluid, bulb and
thermal well. e e | -
. PP i § veloaity,

i) Characteristies of bath fluid suounding the bulb ike mubs wlocity.
thermal CﬂpaCl‘[EinCC‘ﬂnd‘COﬂdUCtiVit)"- The respop“ Qf m‘ﬁ m better speed of
on the size of the bulb, its area and method Of-,msml‘m‘;’m”mn specific B
response, thcrjno,metcr bulb ShQUld ha\fe a ]ﬂfg’ ‘M @l\:}ﬁﬂ. Eﬁl‘ A pressure
heat and high thermal - conduetivity. The time MM‘M“ B min,

- thermometer having its bare bulb placed in a mlilnm s

ﬁ Mnd 63.2% |

dhdand

*  Time constant ; It is the time required for th
of the final desired response. :

Scanned with CamScanner



O R

AT TR Y

T T AR TS P T o)

TR T

BEGRE Ve S by A DR T s ol By o Kok

> -

QSG] 186 5

L
"o i .

nstr. & Process Contr -
Inst 2 ol 38 Ex & Filled System [ narm,

Dip effect : When meta) bulb contai

thermomete A

“j“f ;Pcr:jufgdcn tXpansion of the metal bulbitakes place before: the
expansion of HUIG. 1NIS Causes temporary contractiof of fluid volume, that
results 1n reverse temperature reading, This is called as dip effect, Dip effett

causes ume lag of 0.01 min in liquid-filled thermometer while the effect. is
negligible 1n gas dnd vapour-pressure thermometers,

Aing fluid is used in pressure

Effect of fluid surrounding the bulb : For a bare thermometer Bulb'
placed in moving air, Exme constant is S to 10 times lardcr than that when bulb
's placed in a moving liquid. At higher temperatures above 2000C, radiation heat
wransfer becomes predominant, that results in decreased tifhe constant.

Cross-ambient effect in vapour-pressure thermometers -

75 F ) AR ' 75°F
Vapour space Vapour space

_ s0°c [ 25°C
(a) , (b)

Fig. 2.9 :+ Cross ambient effect
Consider a vapour-actuated thermometer having capillary and recelving

| element at room temperature of 259C, Now if th‘ehﬂotﬂéter'bulb is at.a higher

temperature of say 50°C, then capillary and the receiving element are completely
filled with liquid and vapour space is present in the bulb as shown in Fig. 2.9

(2). On the other hand if bulb is at a lower temperature ofisay 20°C, then vapour

space is present in capillary andshe receiving.ekement as shown in Fig. 2.9 (b).

Now suppose the temperature range of the instrument is say 0° to 100°C.
Then; when temperaturé at the-bulb crosses from below 1o above the room
temperature of 25°C, liquid must migrate from the bulb and fill the capillary and
the receiving element, On the other hand when the bulb temperature drops below
the room temperature of 259C, vapoirr in capillary'and ithe receiving element
condenses into liquid at the bulb. This change of positio of liquid:and vapour.
space takes some time and introduces time lag in the measurement. This iscalled |
cross-ambient effect. Therefore vapour-pressure ther“momﬁtcr should not be US@Q &
in cross-ambient ranges if high speed of response is desired. Crosgzambient E

 effect can be overcome by using dual-fill thermal lsystem. In dual-fill

|
system receiving element and capillary .are completely filled with"a non-. " i

4 ¥ |
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] Y d 4 bulb
vapourizing liquid, which just transmits ihe actual vapour pressure If he-

s the
'O the receiving element, wiihoul any condensation of evaporation. it

) lcnl
\?flame working liquid'is confined only 1o the bulb, that avoids cross- -amb
effect,

e = e sk

Effect of thermal well - Thermal well around the therrnometer bulb
ncreases the response Lag, Heal is transferred bétween the bulb and well b7
conduction, convection and radiation. Heat transfer rate by’ conduction can be !
increased by ﬁlhng the space between the bulb and well with a metal powder,
graphite, il or mereury. This increases the speed of response by 10%. Filling of

the space between the bulb and well also prevents any heat transfer by
convecuon that 0Lherwnse may introduce additional time lag. At temperature
‘above SS0°C most of the heat is transferred by radiation. Radiation being the
fastest mode of heat transfer, cuuses very small time lag in the measurement. For

effective radiauon heat transicr, surfuces should be rough and WCU—Odelzed rar.her
than smooth and polished. '

- V. Advantages, Lzmltauons, Applications
Advantages :

‘(8 Rugged, self-contined construction without any cxtcmal power
supply requu‘cd
(b) Low initial and maintenance cost.

(¢) These thermomeltcers do not require an

ny external power sot_xrce and in
this respect they are automalic. :

(d By using long capillary tubing the. m(lmdtmg or rccordmg element can
be located al a considerable distance from the point of measurement. Thus. .
remote indication can be obtincd upu) distance of 120 m.

(e) These thermometers generatc enough power to operate the recorchng or
indicating mechanism or conuolling unit. If hand-wound clock is useg for
driving chart, system becomes explosion-proof.

(f) Accuracy and sensitivity are sufficient 0 meet mosy

industria] -
requirements. :
(g) Mercury thermometer hay greater sensitivity ma," :
1 0
thermometers. Other filleq

(h) Vapour-actuated thermaomelers wre most wndel

Y used be
less costly and simpler Lo maintain, It does not l'QQuu'g an %“SG they

Y COmpen
£00d speed of response. ; Pensation ang ha.s
- (i) Gas thermometers hus botier ;wcurucy m\d ILean reach co : :
wmpcraturcs | s'dc‘" ably low

e Q) Three or more sepamte sys&&ms can be put in smgle mSlmme

.
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(k) Filled thermometers are intermediate in cost and performance between
the simplest devices like glass stem and bimetallic thermometers and more

., complex electrical elements.

Disadvantages

b TP oy e o

(a) Accuracy and sensitivity and temperature span are low as compared to
electrical temperature sensors. For increasing accuracy, large size bulb be used,
that requires larger space at the point of measurement.

(b) All pressure thermometers contain working fluid at certain fixed

8 pressure, hence systefm can't be broken without affecting the calibration.
(c) Incase of aﬁy breakage, ﬁhe cntire system should be replaced.
: (d) For separauon distance of more than 30 m between sensing element and
: decatlng element, use of transmxtters ‘becomes economical.
(e) VdeUI‘ prcssurc thermometers indicate only tcmpcrature at the liquid
; surface. - ;
 COMPARISON OF PRESSURE SPRING THERMOMETERS -
Property ' Mercury , G;_as Vapour
b |. Scale shap;:. o . Linear’ Linear .| Non-linear
~ 2. Temperature range — 49 to 649 | —268 to 750 ', ' —184 to 343
; (°C) | o i

3. Smallest span (°C) | 38 - B0 | - 26

| 4. Largest span (°C) R 426 1 176

5. Ambient effect ANasA Yes o No
; 6. Cross-ambient effect | No sk D o Yes
, 7. Head effect | : NG .~ No Yes
8. Barometric effect ° e N | Yes. L Yes
- ' [9. Dip effect sl R
» 10, Immersion effect | Yes Yes Yes (littlc)
= 11, Response speed | Slow | Slow f  Fas
i 1% Sensitfvity' ' thgter ' . Low l_“."\j‘ Low

rCEEEE

welfy
&
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ELECTRICAL SENSORS FOR

TEMPERATURE MEASUREMENT

—

"‘w output of electrical temperature sensors |
\1 ﬂ?u\ 1.

t\,mpcram*e RENSOTS —

(&) Resistance Temperaturc Dctcctor (RTD)
(b) Thermxstor scnsors

©) Th»rmOcOuplc scnsors

. RE@ISTANCE TI‘MPI‘RATURF DFTI QTQR§ (RTD)
(Res:stance thermometers)

History Thc*‘appl:cauon of the property of: clccmcal conducmrs
o increase electrical resistance, with rise in temperature, wnq first dcscr'lbcd by
Sir Williarn Siemens at the Bakenan Lecture of 1871 before! the Royal, Sd)cicty
in Great Britain. The necessary methods of construction were established by
Callendar, Griffiths, Holborn and Wein between 1885 t6:1900).

I.. Principle : Electrical resistance of a substarice. changcs with.change

B

m its._temperature. ThlS substance can be a metal, or nonmetal like
semiconductor. Hence, any changes in temperature of mctal can be measured in

terms of change in. its electrical r¢sistance. The resistance of most metals

increases with rise in temperature and the relationship between tesistance and
temperature for metals is given by

R = Ro(l+at+ dol? 4 agl3 + .10, ) ki 08il)
whcr\e, R, = resistance at temperature (°C
Ry, = résistance at 0°C
dy, @y, aa = ‘constants, i.e; coefficients ofmsnstancc

For small temperature ranges, only constant a is ¢onsidered, 50 thatu
relationship between temperature and fesistance becomes linear,

(39 )
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II. Construction

' ) \ 4 | e
. A, Sensing element . (Resistance bulb) - Industrial resistanc
thermometer bulb essentially consists of a coil of fine resistance wire wound Of

or inside the frame of insulating material, Different forms of the resistance bulb
are described below :

Ceramic
tube

coil

Fig. 3.1

High resistance metal wires (like platinum) are wound on a Motched or
perforated mica frame as shown in Fig. 3.1 (a). Such a bulb appears as a roung
coil.

Resistance wire is clamped between two mica plates ag shown in
Fig. 3.1 (b). This arrangement is more compact than that shown
Fig, 3.1 (a). ' :

For high temperature measurement resistance wires are passed
small holes drilled in ceramic rod as shown in Fig, 3.1 (c).

in
through

The robust form of resistance bulb i.e. shown in Fig, 3]
rcsista'r}cc wjrc is\WoUnd on solid ccramic rod apd coil is sealed
form is used in aircrafts, For surface lemperature measurement,res
is made in the form 'of woven-wire mesh cloth.

(d), in whicp
by glass. Thig
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ng remstan.ce wl{@S made of copper, nickel etc. can be wound on glass or
plastic insulators, instead of using mica,

Precautions 1o be taken while winding resistance wire ol insulating frame
e - . ‘ » :
(@) 8ood thermal conductivity and high rate; of heat tra sfer is obtained.
| G’)_ m;f “‘}.“gj“’gs should be free from any physical strain, because clectrical
resistance O WINding changes with change in mechanical stress or strain in it.

) the resistance wire material should have a continuous and stable

relationship between resistance and temperature and also it should:have a high
thermal coefficient of resistance.

@ resistance wire should be homogeneous so that entire wire would be at
same, uniform temperature, This avoids generation of any localized thermo-
e.m.f. due.Lo temperature difference along the wire, ‘

‘o, i ’ . . . \ \
(¢) while making connections of the resistance wire, the contact resistance
and thermo-electric effects must be avoided. Contact resistance 1s avoided by -
soldering, fusing or welding the joints, while thermoelectric effects are avoided

by mainiaining all such connections at same temperature. |
Working Substance (Resistance elements) : Resistance elements

used are made of Platinum (Pt) or base metals such as Nickel (Ni) or Copper
(Cy or the alloys such as Balco. .

(a) Platinum Resistance Thermometers : Pt clieme,lnts are
available as fine wire or as a deposited film, There are two types of Pt resistance

thermometers : o
(i) Standard Pt-resistance thermometer (SPRT) : The;;ééjare used as
intemnationa) standard for temperature measurements between thfo_'_;ufjiplc point of y
Hydrogen (13.81.K) and the [reezing point of Antimony (6300750 C). The |
lemperature standard of SPRT is 25.5 Q at ice-point 1o stay wx_thxg;.’;he ra‘n.gc. of
practical Muller bridges while providing a nominal Q.l ohm/OC se,r.)smvny.
] ner 10-be almost towally strain free, using very |

size than typical in an industrial thermometer, |
CR and maximum thermal ,_:S‘t;éb:ility at the !

SPRT are constructed in a man
lighty supported wires of larger
Such clements provide high T
expense of fragility and larger size. 4 i i
(ii) The Industrial Pi-resistance Thermometer : ("ﬂdus’ffjgﬁ‘;ﬂw) ‘ ‘.h‘ g
RTD has fully supported and rugged construction that uses a efercqge Eract i
0.003915 ohm/°C -ohm with the common val:le ofgohgg diffé}%""from il
' : : f This value sli A2 :
with windi er pure alumina mandrel. £ e P
SPRTW;T:r:lnfn?zO 023927 ohm/ohm ©C). The international grade PtRTD }: i
(lemperature : vs. resistance) are obuained with slightly doped Ptme B
Scannéa.with CamScanner
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TCR of 0.0_d385i_ohm/ohm e LV:‘re-WOU,;dWeasu[emenr
point rcsisxanc_c‘j&bf 100 ohm alongwith aﬂ"fiilabil'ny ofzéi{e MOst common at ice
higher cost. The;thick or thin film-type designs afel 7 00 o|hm and 500 ohm at'
resistance of 100 ohm .and 1000 ohm at Safﬁé"cbs[ 3'3Vallab]e-with ice point
specified at 1000.0hm. ' Ak

2l h slightly lower TCR
PT ‘100 sensor has 100 ohm rcsistanc.' ' e
A . . S| & a : ' ;
fundamental interval of 38.5 ohms. - = k .[ ro0m temperature with

Resistance-temperature rclétionéhip for Pt

-elements is giver'\'by Callendar

Rt -Rp° '
equation  T-= =100+ 8 (-I- W 1) P
_ Ry00 = Ry 100 100

where Ro, Rr and Rygo are resistances at 0° C, 70 C and 100° C
respectively. ;

, 8 = constant lying between 149 10 1.5 determined from sulphur
point.,’ .
(iit) Base-metal RTDs
Nickel RTD : Second in usage to Platinumis a high purity Nickel (Ni)
which offers the highest TCR, second highest temperature range and lower
assembled cost thah wire-wound Pt at high resistance values. Resistances of 120
and 500 ohm are most.common with 1000 ohm availability, Nickel has a-non-
linear TCR that increases with rise in temperature, Ni is highly strain sensitive
and requires great care by the manufacturer to obuain interchangeability. The
TCR' of Ni is highly influenced by Both purity and state of anneal. There is no -
internationally standard temperature-resistance curve for Ni-sensors, although
there'are national standards, and several manufacturers can provide sensors 10 a
common curve characteristic by TCR between 0 10 100° C of 0.00672.
ohm/ohm-°C. ‘
Copper RTD : Cu -RTD’s are available only at 19 o 10}9 o:dm‘:c‘e
point resistance of winding wire. TCR of Cu is a}lm‘qsl' same Zs_ﬂ‘.c‘;ew‘icj
véry linear above the ice point. Cu in "biﬁlar.yx_nd',“g T ,;.hm o
machine due to. very low inductive or capacitivé realmn:zo‘me' Ratisnal
"internationally standard recognised curvg for Cu..; althoug i
standards exit. ‘ ; i am NG 16 30 %
(iv) Balco RTD : Balco is an alloy of Fe aﬂd-TrgZ?sZangl‘\:/?ndihgs
Fe) having high specific resistance that fiakes possibI&DIER Ll 6o
without much intrease in size. Tt has ice-pint resistance % erat
and second-highest-TCR alongwith third: hia‘hﬁs‘g temp
It does not have recognised siandard curve. - ©

or10,000.©!
yre capability.

o T

T
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Thermal well (Protective sheathing)

stainless seel andit is in the form of a tube that covers the Bulb, Wall
any contamination of resistance elemefit, » WG DUib. Well prevents

v Thermal wall 15 used. with

L}

Lead-wires : Lead-wires are used to connect the resistance bulb with the
indicating element (Wheatstone bridge) because both are separated by distance of
100 feet or more. Lead-wires of silver or platinum have larger diameter than
resistance wire and they are welded to resistance wire inside glass seal, Lead wires
nsmit ithe information regarding temperature surrounding the bulb to

‘
1

indicating element.

-

da
.

Industrial RTD sensor has 0.025 mm diameter pt-wire wound into coil and
inserted into ceramic tube. The winding is embedded and fused within or on

ceramic tabe.

B. Ina'icaring-Elemem' (Wheatstone Iiridge_' Circuit) : We have:
seen that the electrical resistance of the sensing element i.e.i¢f resistance duld
changes with change in temperature surrounding it. Hence, for measuring
temperature around the bulb, it is necessary to measure the ;csism,ncgj{gf Lhc§
bulb, which then can be correlated with the éor‘rcspo‘ndiﬁr}g" temp;ratum valud: We
study Wheatstone bridge circuit used 10 measure resistance of the buld.

Basié Wheatstone Bridge Circuit :

Fig. 3.2 : Wheatstone Bridge Cireuit
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Whe',atstc)ne bridge circuit consists of four resistances Rp» Rz'-RJ.' m
armanged in diamond shaped form as shown in Fig. 3.2. A battery Of e Ewl;
conneptcg bciwclcrn.ter'm,inals P and R while, a galvanome:e‘r G is. OO“ncc
bGW‘f‘f‘Pn points Q.and S. This circuit is said to be in balancéd condition when
galvanometer shows null or zero deflection. Tt can be proved that if batan®
conditon the resistances satisfy the relation — - |

\

Ry R _ |
R, - "R, — (Balancingcondition) .. (32)

Wheatstone bridge as the indicating element for resistance
thermometer -

Rt
'rr»'i f
\'(R_'esistance |RL2 //"

‘bulb) . Leuad wires

Flg. 3.3:: Indlcating element of resistance thermometer

iwheatslonc bridge indicating element shown in Fig, 3.3 jg the. modif;
form of basic bridge circuit shown in Fig. 3.2. In this circuit, A aad B ar ; led
resistances while S is the variable resistance whose valye can pe Ta(;ju;céxgd

changing the contactor (C) position. Resistance bulb ¢ ; :
bridge circuit with lead wires having resistances R‘[‘l and RL; :3 r;ggic;;d in the

: . : : : i nces
made of Manganin so that their value does not change much with temp o

St i ) : €rature

JIL. Working, of Resistance Thermometer :

The sensing element (resistance bulb) is connected 1o the. indicqy; .
(Wheatstone bridge) by lead wires as shown- in Fig. 3.3. for ‘ng elemen,
measurement using resistance bulb it is inserted in the bath Inic; LcmPCra[urc
.ter_nperaturg bridge circuil is assumed 10 be in balance condi;ion lxal}y :‘:il Certain
null deflection in the galvanometer G. Hence the balancing ¢ a.s .‘ndxcated by
‘equation 3.1 will get satisfied as follows : Ondition given by

& B

.
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A ‘S . (3.3)
13 [+ RL| + RL:

Eloct, Sensors For Temp. Measuremen!

ges the resistance r of the bulb
19ss of balancing condition s
e resistances A and B are
his new value r' of bulb
sistance S.
ircuit

As lemperature surrounding the bulb chan
changes its value lo suy r' and this results in
indicated by non-zero galvanometer deflection. Sinc
fixed, the balancing condition can be obwined at t
‘esistance, only by changing the. value of sliding wire adjustable re
Thus for every value of r, there exists certain fixed value of S, for. which ¢
gets balanced, Valuerof S.can be adjusted by changing the contactor position
sccordingly. Thus contactor position can be marked on the scale in terms of bulb
lemperature, This balancing can be achieved automatically using potentiometers.
. Temperature around
of bulb changes — 1oss
ance ‘s’ is adjusted by
(he balancing
the

Working of resistance thermometer
resistance bulb changes = resistance ‘r
of ‘balancing condition — variable resist
changing contactor position so as- 1o restore
condition =  contactor position shows the temperature on

scale calibrated against slide wire. ih
Modified circuit (Callender - Griffith Bridge) [y
(Siemen's three-lead circuit) : ’f

r.J% | | l--‘

ot DI
,Resistancé_;?' /7 g \ _ :
bl Lead. wires, feitts

Flg. 3.4 :- Callender-Griffith Bridge

W have already discussed the working of industrial resistance thermometer
in which basically any change in resistance of the bulb due to change in
lemperature is used (0 determine temperature around the bulb. Hence care should
be taken that the change in elecuical resisiance of the bulb’must be only due to
change in temperature around it. But there are some faclors which cause change
in bulb resistance without any change in temperature. These factors-are -

(a) contact resistance between slidewire 's' and contactor e,
(b) lead wire resistance that changes with'the ambient témpcrature.
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(¢) Joule heating cf[l-u rises the lempcmturc of the 1 “"“‘*-]b syl
A ulb that

ré s:\mm(‘ changes its

The whcatsmm bridge cireuit shown in BIg. 3308 modirs
Fig. 3.4 in Ordcr 10 compensate tor change in resistance dye '[ lcdha? thr, wn in 4
This modilied c;x;_cun has three lead wires and slide-wire S i pl 12 a1 0«(‘} actors.
the bridge where 1t may lie in both arms of (he bridge. 1f ' :s i;:tfl A t)n’ #
slide-wire prcscm in left .arm of Lhe bridge, then’ balancmg condmo?}g: hj
modified circuit; L-cmmes -

e ——

e W : ) )

r + R[ ¥ §- i : ‘
Db oiB ; e where Ry = lead-wire resistance 1
bR o - 3

S

(@) Compensation of contact resistance : In the modified circuit
shown in Fig. 3,4 slide-wire ‘s’ and contactor 'c’.are not in the bridge circuit
directly, but thcy are in galvanomeler circuit. Hence, any change in contact
resistance due to-dirt, dust and mechanical wear causes a negligible change in
galvanometer reading, whil¢ the balancing cOndmon and hence the accuracy
remains unaffected. - ;

(b) Compensdinn of cHange in lead-wire resistance (Siemen's -
three lead method) For-achieving this compcnsauon three lead-wires are
connected as shown in Fig. 3.4, so that galvanometér is directly connemed to the
bulb by third lead wire, All lead wires are identical in material, size and ! ey are
passed through' same cable. so that, lhcy are subjected to same ambient :
temperature change, Note that approx:mately equal length of lead-wire i present
in both the arms of the bridge, that achieves compensation. It can be proved that
the balance of the bridge-circuit is mdcpendcm of lead-wire resistance provided —

(i) . contactor C is placed at 50% of the scale

(ii) resistances A and B are equal in magnitude.
sistance ' equals resistance ‘D'

the érror is neghglblc

ce, due 10 Joule

pulb causes Joule
)2 X resistance,

Dt fuid ot it b o e Lt

daf At o

—

At this particular tcmpcraturc setting bulb re
and compensation is exact while at other temperatures

© Compensation of change in bulb res:s!t%:
heating of bulb : Electrical current flowing throug

current
heating of the resisance element with heat prt)tzim:t:,dh uge O ent, From circuis

* This heat’ produced and hence the resistance varies with t ‘ e i
diagram 3 4, thc current through bulb would be { 75 !

Therchre heat produced H* 121' ( r 5 )

Scanned W|th CamScanner




Instr. & Process Control. 747.

Elect opnsors For remp Moasuremem

But for lead wire compcnsauon =D ’ ;
5 2
e g 4
dr
Thus heat produced would be minimum if batiery voltage is stmall and bulb
resistance is large, that leads to negligible change in bulb redistance.

1V. Calibration Resistance thermomelers are calibrated either by
reference 10 fixed point or by comparing the performance with the standard,
reference thermometer when-both are installed in identical surrounding. The
reference thermometer may: be a thermocouple,, a lic uxd--m-glass therthOmeter or
another RTD.

V. Permrman*e characteristics :

A. Static chavacteristics :

(a) Accuracy : Accuracy of resistance thermometer is £ 0.25% of span
and is beuter Lhan that of other thermometers. The stati¢ error in the reading can
e minimized by using the standard resistance bulb.

: (b) Reproducnbxhty Reproducibility i better than thermocouple and
expans:on Lhermometers
B. Dynamzc characteristics

Speed of response depends upon the nature of flowing medium around the
bulb. The response is-faster when bulb is installed in- fast-flowing liquid than

when the same bulb is placed in moving air. Thermal well around the bulb
introduees lag in the temperature measurement, 'I‘hxs lag 1s more when
thermomeler is installed in hqund than that in air. When thermometer is installed
in air, heat transfer takes place by radiation and for effective radiation well surface
should be dark and rough. It takes 6 seconds for 63.2% change when it is dipped

in water heated from 0 to 50°C., (il

VI Advantages, Limitations, Applications !
Ad vantages : -

(a) Considerably wide temperature range between - 200 10 650°C that can

be obtamed comparatively in small size,

®) High accurcy.

@ No drift over long pmod
' (d) Fast speed of response.

(e) Good reproducibility.

(f) Does not require any ambient tcrnpcrauu ¢ compensation.

(g) Rembte indication can be obtained.

G s R N
SN R e e e RS

RO Kot L RO
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Limitations

erably Wil
n';mg '{)u]")

@ The coelficients Of resistance in equation 3,1 vary consic
the purity of resistance winding

~ and 1ts heat treatment, Hence 56
requires protection against contaminaton and oxldation,
() High cost,

©) Itrequires external electrical power supply.

. \ A I > V 3 -:rl;'
@ Bulb sizeis larger than that of thermocouple and filled thermom !
Applications .

8 g

‘ . .alibrated 1n
@ Resistance thermometer having its  galvanometer calibrated

lemperature (i.e. called deflectional RTD) can be used as ambient—temperature
detector,

(b) Deflectional RTD can be used in aircraft thermometers.

(©) RTD can'be used as the standard thermometer for calibration of other
thermometers,

N :
g}.z TEMPERATURE MISASUREMENT USING THERMISTOR

‘L. Principle : Thermistor is a semiconductor material whose electrical [
resistance decreases with rise in temperature around it and vice versa, Thus any

change in temperature around the thermistor can be measured in terms of

change
in its electrical resistance.

TN O SRR

| II.. 'Construction

: S‘ensing element — Thermistors -are r_n'a'de”from a,'spec'if‘ic 'm
pure oxides of Ni, Mn, Cu, Co, Fe, Mg, Ti. Thermistor was first ingr
1940 and .its name has been derived f;‘om thermally sensitive
Thermistors have very large positive or negative TCR (temperature ¢
resistance). For positive TCR malerial, its resistance increases wih
rise, while for negative TCR material, resistance decreases
temperature. The different shapes of thermistor sensors are ag show

ixture of
oduced in
resistors.
OCfﬁcicm of !
tﬁmpera[m'
With rise in
NinFig 35,

TR Ly
(S RAVTTLL o

’

(- e N

Terminal washer

(a) Bead type
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\5
0

Leads | . _~bagadsi

(¢) Dlsc type (d) Rod t.)’P“

Rigi 3.8 Thermlstor sensors

o it

Thermistors can have bead type, washer type, disc 'tybe or rod type

configuration. shown in Fig, 3.5. It can also be encapsulated in. plastic,
cemented, soldered in bults, encased in glass tubes. Thermistor: beads are 1 02.5
mm in diameter, discs ¢re 5 to 25 mm in dxameter and rods. arc 1 to 6 mm in

diameter upto SO mm length.

Indicating element : For temperature measuremem-_.;_:;hermistors are
connected in Wheatstone bridge circuit shown in Fig. 3.3 in art”c!e 34l

TII. Working : Thermxstor sensing element is plau‘d i ‘the bath whose
lemperature is to be measured, As bath.temperature changes elec,mcal resistance
of thermistor changes. This causes the unbalance in Wheatston";ibndge circuit.
This unbalance signal is indicated by galvanometer deﬂecuon Hence,
galy anomCLcr can be calibrated in terms of bath temperature.

IV, Calibrntnon s Calibration procedure is same as th . for resistance

Ihermometer discussed in art. 3.1. By
: All performance t;:ﬁ_é;‘gracter_'istics of

V.. Performance characteristics : : Cha
thermistors are comparable with those of resistance themg'q_;nezcrs but the

response is faster than RTD. : 2
VI. Advantages, Lumtatuons, Apphcatlons :

Advantages ; /

(a) . Low costL.

(b) Small sxze. .
ive TCR thermistor, sensitivity is high.

esistance of the sensor itself is hlg,h and hence the
lead-wire resistance 18 neglxgxble.

-

(¢) For negal

(d Due to: high TCR, 1
tftect of contact rcsxswnce,

- (©) Narrow spans can be obwlned
() Fast spee-d' of respp.r’lse.
Limitations ! L

(a) Non-linear response.
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(v) Wide lemperaure span can not be obuined, - . o
(¢) Unstable at high temperatures. Mg

Applicati()‘lis : Thermistors are used for proteculng equipments - like
transformer from_‘v»_,hcavy current. For this +ve TCRf"thermistérs are used. When
current cxceeds:he safe limit, heat generated raises temperature of théfm.istor SO

(hat its resistance; increases. This decreases the current through circuit 16 safe

value. :
3.3 THERMOELECTRIC TEMPERATURE MEASUREMENT
.(‘Tempcra[u"fé measurement using_'thpnno(:_oup]'el,) S
The word thermocouple is.a combination of thermo. for heat requirement
and couple denolting two junctions. .
e Consists of wires of two dissimilar metals soldered or welded

Thermocouple - of tw
ons. The junction at higher temperature is called

at the ends to form tw juncti A
hot or measuring junction whilé the junction at lower temperature is called cold

or reference junction.
L\ Prin¢ifle: :
Lo R ,‘(’.‘."v""
() Seebeck: effect :
emperature difference between Lwo junctions of th

5

In 1821, Seebeck discovered that when there is
e thermocouple, electromotive

force (emf) is developed between the junctions. This emf causes electric current -
to' flow through thermocouple circuit. This is called as 1/wfmoe1ectri_c effect t;_y
which thermal engrgy is converted into electrical energy. The emf d’e‘veloped 5
called as thermo=émf while the resulting current is called as thermo-current..
Seebeck effect is the combined effect of Peltier and Tllgmson effect. This
thermo—-emf developed is proportional to temperature difference between

junctions.

. emfe o« (Th=-To) o '
_t+ve metal AR

frtc
Hot Cold
junction - ve metal jungtion &
. A \
emf E

l*i;:. 3.6 (a) ¢ Thermocouple

ST ,
(e i B
,,_...,.ww"_‘""f" s
] e R by AR
[Eemapnentes ol M A
feasgtis '-"'r':-';“.,".'.:;jn,'ol"'.‘.l"-':‘n 't
RO AN BN

S e o e
R A A A R Taberes el ST e b A el el S S A ST (k , 3
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Inst
! \wmmg Connector
!‘j‘ lrh-;r‘- Ck ‘ )
| Il = Indicating
: | it} ) ' y Y instrument
j’\_""““‘ . 2 \ - f}\"‘Rc&rencc
W L siid junetion

Extension wires
Fig. 3.6 (b)
If cold junction is maintained at fixed wemperature (preferably 0°C) then
mf developed can be taken as measure of the hot JUTIC[IOI‘I tempcralurc

(b) Peltier effect:

§
3

y : Ba ‘t't‘efy_] current
Battery|current 4 l
P i AR e B
; ; Cold = _
~ Hot _ Col'd Hot e junction:
junction ; * junction junqupn f i : '
Thermo-curreft - Thermo-current
(a) (b) .
Fig. 3.7 ¢ Peltler effect , P

Battery is connected in the thermocouple circuit as shown in Fig. 3.7.
Battery current and thermocwrent bOth flow through the:¢ircuit across the
junctions,

Peltier effcct'isfdefingd,as-change in heat content when 1 coul of charge
crosses the junction. ' |

If the battery current and thermal current both flow in same direction across
~ the junction-[as shown in Fig. 3.7 (a)] then heat is liberated at hot junction and
ab “orbed at (01djunc110n .

On the other hand if batlery current and thermal current both flow in
.opposite directions across the junction [as shown in fig. 3.7 (b)] then heat is
absorbed ai hot junction and liberated at cold junction, This is the situation
when thermocouple is used in pracuce

Peltier effect developes Femer emf at the junciions whose maghitude and
direction depends upon the juncuon (emperature and the. metals used xn
thermocouple,

(¢) Thomson effect : 1t gives heat content of single conductor of unit

Cross-section when unit quantity of €lectricity flows through it along
lemperature gradient of 1K,
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i

For a positive wire of the thermocouple carrying electrical current and
haV‘"E temperature gradient along its length, keat is liberated at any point on it
where current flows in the direction of heat and vice-versa.

On the other hand for a negative wire of the thermocouple Cmm?
electrical current and having temperature gradient along its length Aeat i
absorbed when cusrent flows in the direction of heat and vice-versa. :

v’Thomson effect gencrates Thomson emf in a single homogencous
thermocouple wire having temperature difference between its ends.

It is necessary that each section of thermocouple wire in a given
circuit is homogeneous, which has uniform composition and physical

! properties along!its length. With such homogencous wires, the circuit emf
"'depends only upon the mewls employed and the temperature of their junction,
while it is independent of length and diameter of wires.

Thus thermo emf predicted in seebeck effect is the sum of
Peltier emf at junctions and iwo Thomson em['s along the wire.
Note that Peltier and Thomson e¢ffecis cam not exist separately
for a homogeneous condycior.

Thermoelectrice Laws -

(a) Law of homogencous circsit : An electric current cannot be
sustained in a circuit of single homogencous melal, however varying in its
cross-section, by the applicaiion of heat alone.

This law is deduced from the expenments which conclude that thermo-emf |
developed in the thermocouple depends only upon the hot and reference junction
temperatures and it is indepencent of temperature disridution along the wire and |
intermediate temperatures along the wire. |

(b) Law of intermediate temperatures : The law states that e

thermal emf developed by thermocouple (C) with its junctions at lemperatures T,

"*and Ty (T, > Ty) equals the algebraic sum of the emfs generated by two

thermocouples, one (A) with its junction 2t T, and some reference temperaryre

T, (lying between T, and T») aud the other (B) with its junctions at same
reference temperature Ty and the measunng temperature T,

E E
i, . Tl ETz = Tl TS +T3 TZ

This law is used for calibration of thermocouple, because calibratign _—

be based on lemperatures of hot and cold junctions only without any reference 1o
temperature T; of intermediate junctions (Shown in figure 3.8 (b)). ;

This law is described in figure 3.8 (3)

-

- T

——

R e T
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pe——

emf /

Flg. 3.8 (a):Law of lnlermedlme lemperntures J,

Y

Fig. 3.8 (v » Thermocouple Assembly
| I'T
l A e gy

'Flg 3.8 (c) :'Law of intermediate metnls

(c) Law of mtermedzale metals : The law states that the. dlgebraxc
sum of the thermoem(s in a circuit composed of any number of dissimilar metals
is zero, prov1ded all the circuit is at a uniform temperature. Hence, introduction
of a third metal mLo the circuit of two metals will have no effcct upon the emf"
generated SO Jong as the junctions of the third metal with the other two are at the
same [emperaturc Figure 3.8 (¢) shows different circuits generating same emf,
evén though the second and third circuit diagrams show materials C, D, E, and
F ins ch{i betW@CD A and B. For second circuit the law states : :

| A°B = A°C+ C°B |
‘This law is deduced from second law of Thcrmodynamxcs and it concludes

that if 2 measuring devige like galvanometer and its connec,ung wires connected

pomt in. thc thermocouple circuit, then emf remains unchanged, provxded
at any ctions a;e al same lemperature,

Scanned with CamScanner




¥

Instr. & Précess Control 54 Elect. Sensors For Temp. Measurerhent ', *

IL! Constéuctio® and Working
" A. Sensing element : Industrial thermocouple shown in Fig. 3.9 has
two thermocouple wires welded or soldered (o form two jur;cu’mzs. These wires
are insulated from each other and covered by protective sheathing. Lead-wires
connect the thermocouple to the indicating element. i

Ceramic
insulators

(a)
3 3
¥ ad 2 g
'2 - B 8 o
BEEE G ,,I
e M '
c87285 38 1
” v L0
me eSS LB

Eg &
=89
oSz )

Fllg.‘ 3.9 : Thermocouple

_~(a)|'rhen;r‘§&'¢oupne wires : Thesmaterialssusedsforsthersiocoupleswiresy
pxemb“@imtbl The properties that determine metal’s usefulfiess in
ariy sle. arc melting point, “electrical conductance, stability,

thermocouple: wire . u ; U
- repeatability, ¢ost, ease of handling, thcrmoclccmc 0u§put in combination and

reaction to variopis atmospheres. -
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Table 3.1 :;I;,’I(‘.‘hermocouple*{tj'ﬂ?}s
i tIE

Type Positive : Negative | Temperature Linearity
wire wire | range (°C) h
B ; :
- B | pt-70-Rh-30 pt-94-Rh-6 | (10 1860 good at high
¢ﬁ temperature
k Chromel *- -} Constantin = | (~196) t0 999 good
[ron Constantan : -196 10 760 nearly linear
| between
2 , i 149 10 438°C
gg - Chromel Alumel J: -19010 1371 [ mostlinedr
i R pt—=87-Rh~13 Platinum | -1810 1704 good at high .
: ; lemperatue
5 pt 90-Rh-10 Platinum | ~-18161760 | good at high
= E 3 lemperature
T Copper " Constantan L -19010399 | same as J
Tungsten | W74-Re26 | -18102316 sam¢asR
Wo4-Re6 | W74-Re26 | -18102316 | sameasR
Cépper Gold-cobalt | -26810-18 " linear above
koo L S
Ir 40 - Rh 60 It 0 | -18102093 | saméasR

(15[ - ‘blatinum. Rh - rhodium, W - wngsten, Re - rhcnidm. Ir = Irridium)

Thermoc()uple wires should be - : '

(i) homogeneous 10 avoid any temperature gradient along the wire,

(ii) annecaled ata temperature higher than maximum range of thermocouple:
so as to relive internal stresses.

(iii) having size between 8 gauge 10,20 gauge.

The! thermocouple wires pass through ceramic msulamr spacers showh in
Fig. 3.9 (a) with hot junction in the bath. and other ends connected 10 the %

terminal block in which positive wire terminal is marked with red colour.

Formation of measuring junctions : Measuring , Junctmn is form'cd :
by welding (twisted or butt) or soldenng the wires, The twnsted weld is madc ey
with larget dnamcter wires. Thc buu weld is made by fusmg the two wires intoa

rouﬂﬂ bead.

- ——— ., o RN R T "0 e

e St wo ik myor
e st 5 3 gl P ST STED SRR T
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\ Sheath

MgO

() Grounded type

(a) Exposed type

(b) Ungrounded type

‘Flg. 3.10 : 'I‘ype;_‘or Measuring Junctions
(i) Exposed type : In this type the measuring junction extends beyond the
protective metallic sheath (covering) as shown in Fig, 3.10 (a). This type glV:GS
fast response and can be used for measurement of non-corrosive fluid
lemperature. :

(if) Ungrounded type : In this type measuring junction is-insulated fror.n.
the thermocouple sheath by soft MgO powder as shown in Fig. 3.10 (b). This
junction is isolated from any external electrical noise. ; '

(111) Grounded type : In this type the measuring junction-is welded to the
sheath as shown in Fig. 3.10 (c). This gives faster response than ungrounded
type. . a5y

Formation of reference or cold junction - The other enéis of the

thermocouple wires are connected to the fixing screws in the terminal block

made of insulating ‘material. Lead wires are connected to these screws, whose
other ends are connected to thermocouple wires, so as to form refer '

, ence junction,
as shown in Fig. 3.11, :
Thi. ‘Lead wire' Ta:
hot r ™ e
_Constam:an
(indicating o,
T Constantan ‘Measyring
7 ‘ i i ‘nSLrUn-)c
(Sens”]g Th Lead wire Ta n[)

side) |
 Cold Junction;

Fig, .11 & Location of reference Junction Ty
Thermal emf developed depends upon the differer
junction and reference junction temperalures. Hence for g

lo measuring junction lemperature, it is necessary to maj
at.certain fixed;temperature, For this purpose, the refer
away from thejmeasuring junction and usually i ig located in x

'ih:gu;umvem where the temperature changes are negligible '.W} ¢ tne§8uﬁhg
instrument i¢ situated in temperature - controlleq Of.ai‘“con.dm ‘N Measyrin
\f;ﬁ')t;f\r\ Af rofarennra VWinrian e mara affaniivia Oned’ T

¢e between Measuring
elting emf Proportiona|

Ence junction ig locateq

nLain refergnce Junction -

00m, thig

e e

X Pz 3

S

T

-
N R St

A e T

S e e

Tortas T in

-
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e . ol _wires connec
Instr. & Process control ing cables) - I(,jcad‘_vg instrumcnt[
-wires - ( | e in ;catl._l} :

((b) LeadWirs.© L hermocouple ¢ , ustially far awa
the measuring juncuon 0 it are UpHesty. 2t evvdy

- indicating instrume i
because measuring junction and the indicating fe == es, both should be made
-from each other. 1deally

Tead wires ‘ahd’ﬁié'r.mlocor Kz‘ligtvnl-rleéd-wiréé*'for platinum o
BT ily to, use platintiid = - ik .
rial, but it becomes costly 0.1 , oclébtric properties
ZLS;T;‘ZO“;;;Z chce,\ lead wire material 1S sucfh tha:llssoc;::: T guld i
should match: with those of thermocouple Wires: A=

low resistivity.

It can be observed from Fig. 3.1 that ‘;V
same temperature. Since _mcrmOCOUPIG -
instrument, thg tempera

o ends of the l,e’ad%_@;‘re are notat ,i

far.away from the measuring | ;
wure difference (Th=Ta) méy'"bé very large. ;Frr?r ('j'ule w

this temperature: diffcrcn;;e"is"avoidcd by selecgng lcadi-w;r‘g-. ma e;a ast i

mentioned above. If polarities of therchouplc wires and lead: wires are no

proper, then large eror may result. Lea

d-wires may be solid or straded for|_ '
flexibility with.insulation of enamel, cotton, asbestos, glass. The lead—\‘vucs for i
different thermocouples are given in able 3.2.°

‘Table 3.2 : Thermocouple wires and lead wires

Thermocouple-wires | ) | Lead-wires '

+ve _ -ve + ¥e -ve ’i

‘ Copper Constantan Copper : Constantan , ‘ji}H
Iron | Conslantan Iron Constantan |

Chromel ;ulumel Chromel Alﬁmcl |

Chromel , Alumel Iron : Co}pcr—Nickcl ;

| | - alloy |

~ Chromel - ~ Alumel, |- Copper ‘Constantan

| (upto 125°C) !
‘Platinum-Rhodium | Platinum Capper Copher=Nickel '

(¢c) Thermal well (sheathing) : Thermoc AL
: - R ouple measuring junction
is enclosed in thermal well or protective sheathing for the follove dveninne =

(i) 1o protect the junction from oxidising and corrosive bath fluids
(i) 1o protect the junction against thermal ang mechanical shocks

,‘ Some molten-metal baths are s : e
G | 0 corrosive ;
. wellare used only for aking one quick readin hat one thermocouple and one

S . Wik g and then they are
readmg..Thermal wclls‘arc made of porcelain, fuseg il - r¢placed~'for next
shows different types of thermo wells, . thica or fire clay, Fig. 3.12
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Normall : : .
y used assembly is shown in Fig. 3.12 (a) that consists.of a head,

4 mounting-flange and s vin]Es TF
therm IS | 7 N
temperatures. ocouple. It 1s used for measurement of gas or air -,

Fig. 3.12 (b ,
pressure vessel ();h?ws _mefssembly,used for témperature measurement. in
iy Fls.and pipe linesGontaining pressurized liquids. di'T

Primary,
v well _(mner)‘

Thermocouple
assembly

(¢) ) (d)
v Fig. 3.12 : Thermal wells (she_athl'ng)
~ Fig. 3.1_2:;{‘('0) shows the: ass;mbly used in fumaccs' at'low. temperatures
where little ;j;gt‘cmion 1S rcquircd. This is called open-end well assembly that
protects the jufiction from the erosive effects of fast-moving gases.

Fig. .3,1:‘2';;'(‘(1) shows the assembly used in baths above 1100°C ‘where
corrosion may:be severe. In this system two wells, primary and secondary are
used. Secondjg{ﬁy,wcll prevents sagging of tr(c assembly at high temperatures and
he surface of primary well is protected. Secondary wells are made of metals like
Ni, Cr, Fe rd_fn‘»l:rbxidising atmosphere, Cr-F¢ for sulphating environments. The
mechanical properties 10 be considered while selecting a thermal well are ~

(i) resiéiﬁmce to COrTOSion'_and oxidation.

(i) resistance 1 thermal and mechanical shock
(iii) resistance 10 gas leakage.
(iv) mcchﬁnicél strength.

-
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‘B. Iﬁdicating e\em‘ent.(Measuring instr'ument). :,i'Thcercoﬁple
-~ generates an emf proportional to temperature difference betwesn mcasurin'g'“?ahd

reference junctions, Hence to teasure the measuring junction temperaturs it is
necessary 'to measure the thermo-emf correctly. For this purpbsc" the

Millivoltmeter or the potentiometer type instrument i used.

The millivoltmeters : The millivoltmeter is nothing but a calibrated
dc galvanometer, 1t is the simplest and least expensive indicatii\g element for the
thermocouple. The millivoltmeter consists of 4 rectangular coil pivoted at: the
'p and bottom and this coil is placed ina steady, permanent magnetic field of
two poles of horse~shpe magnet. Hairsprings are conhcctc(tgat the upper:and
lower ends of the coil and the springs are connected to. the terminals of the
millivoltmeter. When electric current passes through coil, the coil rotates and
this rotation causes the pointer attached to the coil to deflect. Thus pointer

deflection' is proportional to the current through the coil and it is calibrated in
terms of potential difference across its terminals.

= S S R S A O o O A RO =
50 ..?—:.,a‘_‘—g'x,f»»x.ﬁftﬁ» RN SR TR ) - : £ P 3 S

L Volumeter [ Instrument case

i il i G

f , "

| e .

& : ‘ o

.

; L —

& Reference junction

; g well

0 ‘¢ Protecting we

| b il 5 O T N i 5 v
ks : SO 5 W : i " Exterision
) ) leads
\ B

e e BT A i
Measuring junction " i

e '.Prétccling head

Fig. 3.13 : Thermocouple with milllvoltmeter ln?lcn!o'r-

The millivoltmeter connected with the thermocouple: is- shown incFig,
3.13. Figure\shows measuring juhction, thermal well, terminal block, lead-
wires, reference junction located inside the millivolimeter. '

/.
!

Sources of error in millivoltmeter reading :

() Due to-electrical resistances of thermocouple, 'lq%q-wircs. mi;;i-.
vollinctcr. the millivoltmeter (MV) reading is not exactly eQUaL-:FQ the emf of.the
thermocouple but mV reads slighty less than the actual emf, In‘order 10 reduce
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the effect of change in external resistances, the intemal resistance of the mV.
should be as highias possible, (about 600 ohms). Then mV-is cahbrabed by
taking certain fixed value of external resistance. Now, the error caused b)’ change

| In external resistance is negligible or it can be compensated.

(1) Change in ambient temperature may change the internal resistance of

the galvariometer, that affects the calibration, This error is avoided by using
Manganin resistor which has small TCR.

(iif) Ambient temperature changes cause change in reference juncuon
temperature that results in serious error in the measuring juncton temperature.
The magnitude of error is proportional to the change in emf caused by change in

reference junction tcmperature It is very troublesome to maintain the reference
juncuon:at 0°C, hence it is usually maintained at room temperature of 24°C and .

the mtljwoltmeu:r 1s compensated for any changes in this tcmpcrature

.({iv) Since Lhermocouplc emfs are of low level type, precauuons must be‘

laken -against stray currents resulting from proximity to electrical wmng
To avoxd this, best practice is never (o run thermocouple wire m the same

conduit with electric power wires, &

Reference junction temperature compensation -
\Pole,
A Pleces o ﬂCOil

Bimetal
compensator

|

S i :
.Spiral spring
Fig. 3.14 : Milllvoltmeter reference Junctlon compensation

. Fig. 3.14 shows millivolimeter reference junction temperatur
sation in which a bimetal strip is fixed so that it can adjust the positi
end of one of the hairsprings connected to the coil, If bimetal strip
then as reference junction temperature changes, thermo—emf develo
that results in change in millivoltmeter deflection. The bimetallic SUip expangs
or contracts with the change in reference~junction lemperature ins
that it cancels the pointer deflection that might occur due to change i
junction temperature, Thus pointer deflection is proportjonal

between measuring junction temperature and the reference juncy
which the millivoltmeter is calibrated.

€ Compen-

1S not used,
Ped changes,

In reference-
10 the difference

11, Calibration : A thermocouple is calibrated py com

: Paring g
performance with a standard thermometer when .both are dipped ip

e TMocoyple

'
| I
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or RTD or mercury thermometer. Above 800°C thermocouple is}gglibrated by
comparing the performance with an optical pyrometer.

IV Performance characteristics

A. Static characteristics

1. Accuracy : The accuracy of the millivoltmeter and a standard iron-
constantan thermocouple is + 1.5% of full scale.

The sources of error in thermocouple reading -

(a) Depth of immersion : If thermocouple measuring juncuor{ and
well 1s not immersed into the bath at sufficient depth, heat conduction takes
places along the thermocouple wires or. thermal well, that results in decreased

© temperature reading, . ; & :

' (b) ‘Rddiafion effec:.:,.RadiaLiqn errors.occur while measuring high, air
or gas temperatures. At temperatures above 538°C, thermocouples receive most
of the heat by radiation from the surrounding. But when thermocouple is used for
“furmace temperature measurement, then different parts of the fumac;; like heaLing_
element, furnace wall, furnace floor are at different temperatures. Hence the:

thermocouple reading depends upon relative amount of radiation received from
each of the parts, |

~ While measuring temperature of ﬂowing‘ gases radiation shield is installed
around hot junction. It is essential that the hot gases flow around both the shield

and the Lhérmocouple. The velocity of the gases should be as high as possible
for which venturi arrangement may be used.

2 Serisitivity : The dead zone of mil

livoltmeter is quite small but it
- depends on the friction in moving coil systems.

B. Dynamic characteristics

The dynamic response of the thermocouple depends upon its heat-transfer
characteristics, thermal well heat transfer

characteristics, size of the thermocouple
_and well. '
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| _ , » modes, while at temperéturc_'abovd 530°C héal
is mostly transferred by radiation, that results in fast speed of response. When a

thermal well is used, air Space present between the measuring junction and the
« well introduces time lag in heat uansfer. Sometimes there is physical contact
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bctwecn mcasurmg_)uncuon and wcsll th
exceptions the‘thermocouple wire material do not affect the spéed of response o
great extent. Thermal capacitance of well material is important at low
lemperature because it decides film coefficient of resistance that in turn depends
upon velocity of fluid past the thermocouple. The specd of air flow should be at

least- 0.6 m/s and speed of liquid fow should be ‘at least. 0.3 m/s, to get a
reasonable speed of response.

-

(b) Effect of well material and surface - The quality of well surface
decides its emissivity and- greater emissivity means large amount of heat is
absorbed that results in fast specd of responsé. For this purpose’ well surface
- should be rough instead of smooth and polished. Ceramic thermal wells have
higher emissivity than smooth oxidised metal wells. Also metallic materials-

form an oxide scale that reduces conduction of heat through well, Thermal-well
, materials such as quartz, glass and Vycor transmit the radiations rather than '
absorbing them. Hence in such thermocouples speed of response is very fastand ,

‘well matetial has very litde effect on the speed of response.

(¢c) Effect of ‘thermocouple and well size - As size of the
thermocouple mc.asnrin_g junclioh increases, its thermal capacity increases that
results in slow speed of response, cast materials like Nichrome, Chromel, Iron
have thicker walls and slower response than machined wells of Inconel, steel and

iron, Heavier thermél wells with thick walls have slow speed of response but
mey have better resistance to corrosion. Hence. while selecting thermal well |
material, there nust be good compromise between speed of response and:

corrosion reszstance Frequent rcplaccmem of corroded lxght constmcm weﬂw
becomes morc econom:cal than using hc:awcr walls:

V Advanmges, Limitations . and Applicanons : ' :

(@) - Ruggad mcxpcnsive construction,
(b) Sxmpler t0 use and take the readings.. :
©) Ind:éaung instrument is compact like. mxlhvoltmetcr as compared to
Wheatstone bngge for RTD, i
@ de‘e xerhperature range from ~270° to 2800°C
@ Tho“’outpuz ls in-electrical t‘om that is suitable for mdlcaung and
' conu'olhng dc\nccs

® GOOG,. 'ccuracy and reproducibility.

(g) Elccxr;w output can be u'ansmmod over IOnger dnstance, hence sensing *

and mdncatmg' elcmcms can be far away from each other,
A (h) ‘No ﬂangcr of cOmammatmg the pr0ccss by ﬁllmg fluid.

v

il
"
at ”“Pl’Ovcs speed ofrcsponsc With'few -7
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ﬁ Limitations

\,* . | i

¢ (@) Not suitable for spans less than 330C,

®) The reference juhction must be maihlained at constant temperature and
compensation arrangements should be made.
», © Non-=linear emperature emf relationship.
| (@ Temperature gradients must b avoided.
(&) Notassimple as direct rmding thermaometre.

) Theycanltbe used bare in conducting fluid.
Applications : The thermocouple types suitable for various

environments are listed below ©

" I s

1|,Thermo-\ - Smtable atomosphere \
couple + ve wire. - ve wire (advantage)
type‘; /
B: pr =70 - Rh 30 P94 - Rh 6 _Inert or slow Oxxdzzxnl
E: Chromel ‘.Co'ns_tf'mtanf e : Oxnd]zwmwg ?
J _Iron 31 Coﬁs(é-nta‘n a - Reducing .
K : Chromel | Alumel : Oxidizing
R: 1 B~ 87-Rh-13 |~ p | Oxidijingggg response)
S. [ p=90-RMIO| — p | Oxidizing |
T Copper Constantan Oxidizing or reduéing
' (Good corrosion
; FArDa FPRC T ____resistance)
, G | JJon 1 Constantan L' RN R;duci'ng
_ Tungsten ‘W -74-Re26 | Inertor vacuum (high
BB e o lemperamre) |
(i) Average Tempefatz;;m Meyasuremenf | '
Parallel combz’nbzio e
: i
fok ; .
T TR, 'rCy Ty

Fig, 3,15 i Average temperature measurement

14
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(ti) Temperature difference measurement .

B 0 Measuring

ns trusmend
ff‘*— —_—0
TIC,

T,
Fig. 3.16 : Temperature difference measurement

(iii) Parallel operation from common thermocouple

- Recorder
@)
Vo 7 o

5 s :
ity
\ . Ao
‘Controller

‘Fig. 3.17 : Parallel operation

(iv) Thermopiles : These are thermocouples connected in series with
electrically insulated junction as shown in figure 3.18. Thermopilses generate

large emfs thus reducing sensitivity requirements in the indicating
millivoltmeter. The principal objections to the use of thermopiles are the
necessity for electrical isolation of individual thermocouples and error due to

short circuit of one of the thermocouples which might go unnoticed.

]

!
Millivoltmeter

Fig. 3.18 : Thermoplle Consfrucilon
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Instr. & Process Control 65 Elect. Se”s,o.rs Fe

THERMOCOUPLE SELECTION

; ; e for temperatu : :
While selecting a thermocouple tyP T accuracy required. The

should consider temperature range, sensitivity 8213 5 _described below:
seiection procedure for different COEP_C_’_EE/— ——

' i ‘ itivit aller
- 1. Thermocouple wire size - For_getung t_ugl.hcl: sirlljt Fyorsmhi '
diameter wires are 10 be used but they are mw g

temperalure measurement heavier wires Ei‘ii’ffij'—-——- | : lean
' F Thermocouple length : If Lhe thermocouple is nOt 1NSErie

sufficient depth in hot bath, then thermocouple reading shows an er;or called as
immersion error. To avoid this, thermocouple length should be such that the tip

of the thermocouple is in most turbulent region, that a\fo1ds ny formation of
film on well surface. In case of cylinj_r_ig_a—l_p_ip_esixs better to locate the

thermocouple Lip at the pipe centre while in case of Lanks length should be
nearly equal to ten times the diancter of thermowell.

re measurement, one

3. Well material : Following are the well materials alongwith their
lemperature limits, Carbon steel (S40°C) gastiron (700°C). stainless sieel

(980°C) Inconnel (Cr 14% + Ni 80%) (above 980°C), Ceramic tubes (upto
1650°C). o

4, Lead wire material and size : Lead wires ¢ [ larger diameter
than thermocouple wires so as 10 1 eir rgmivi!zl Lead wirg majerial
should be, as far as possible, same as that of the thermocouple wire malerial,
otherwise both the materials should have matching thermoelectric properties.

Tlps reduces error due > 10 change in ambient temperalyre.,
5. Single or duplex thermocouple : It is not r ed to split

the thermocouple connections for tw mnd ‘
f;on;roller. For this_purpose dup'lcx element is use L consists of two
1@:\1 thermocouples housed in same thermal well.

.

USE OF THERMOCOUPLE TABLES :

All thermocouple tables showing the values of emf for v
junction temperatures are based upon a reference junction terh
Therefore direct conversion of emf reading into lemperature ¢
when ice bath (at 0 °C) is used at the reference

maintain the reference junction temperature at 0° C, 5 correction factor e
applied to the millivolt values given in the zhermocouplc tablcs’ Nmusth
thermocouple-emf generated is decreased with decrease i lemperaty 4 d‘?fw 2l
between the measuring anq reference junctions. Hence emf coffeéﬁfﬁ di ercr_lce
as follows : , on is applied
A. Converting emf (my :
temperature : (with reference (j”nc)rio,,oz:al(::fj to eq'uiv.alem
.of 250 C 9. ¥) room temperature

arious measuring
perature of 0° C,
temp an be made only
Juncton. If it is' not possible to
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Instr. & Process control 66 '-Elgc;t. Sensors For Temp. Measurement

(1) From the thermocouple table for the thermocouple used, obtain the
‘emf erer corresponding to-the actual lemperature of measuring junction (room
temperature 0f.25° C),

(i1) Thg value obtained in step (i) is added algebraically to the emf reading
obtained on millivoltmeter that gives the corrected emf,

Ccomected = Cactual * Cref
(i) Using the same thermocouple table, the temperature corresponding 10
corrected emf is obtained. This might require interpolation between two printed
values in the tables. This is done by adding algebraically to the smaller valuc a
proportionate part of the difference between two printed values.

T1 T; : T3
ST &
I-QL—’-I:—L—_ '9.:1-‘:—6...1.'.
T,-T,  ex=-¢;
Sy o G $ !
= —1—-—#—-'-\- €1 =~ €
& = € +'(.T3'—T1 )(3 1)

B. Converting -measuring junction temperature 10
equivalent emf: For checking the calibration of instrument it is necessary
to ¢heek the emf obmmcd for certain hot junction lempcraturc For this proceed
as follows : : :

(i) From the ther)hc)couple table for the thefmécouplg used, obtain the
‘emf eref coOrresponding to.actual temperature (. say . tooOm. temperature) at the
o r}put terminals of the instrument to be checked, which is based upon 0° C
i réference junction 1empemture

" (i) From the sarhe table, obtain the emf er based upon 0° C reference
junction for the temperature to be checked.
(iii) Subtract algebralcally the value obtained in step (i), a bovc, from the
value 0bzamed in step (ii) that gives corrected emf, g
. ecomrected = €1 — Cref

— — ——— - ™. "0\ AN 8 Swpgh o = & Y, — =
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