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of. What do you understand by “Interconnected System"?

mwer : y
Interconnected system is the system in which the number of various power stations such as hydro, thermal, nuclear etc.,

are worked together to 51‘1pply the power in order to fulfill the customers requirements. The power stations in interconnected
system can be operated with more reliability and economy. In this system, by creating the appropriate administration and technical
setup, the optimal utilization of resources can be obtained. Simultaneously, the reliability assurance and continuous supply of
ower to the system can be achieved. The instantaneous pace of interconnection between power systems increases the safety,

| probity and continuity of power supply. This can be achieved to the maximum extent if interconnected system is equipped with

the sound mechanism which monitors and controls the different devices.

Q2. Define the following,
(i) Base load
‘(ii) Peak load.
Answer :
(). Base Load

The load which is constant
the base load continuously are known as base load plants. In these plants,

systems in order to achieve overall economy.

*

.lhroughout the whole day on the power plant is known as base load. The plants which serve
loads are economically distributed to various

(i) Peak Load ) ! : i
Peak load is the load which has the peak values over and above the base load of power plants. The run-off river plants
with pondage and pumped storage plants are used as peak load plants. These plants store the water during off peak time

and supply for peak hours. i
Q3. Write a short note on load curve. : '
Auswa:- . . ) Model Paper-ll, Qi(e)
Load Curves '
called as load curve. It is also defined as the curve representing

consumption and time is urve
ferred as daily, monthly and annually load curve, when the time is represented

general daily Joad curve is shown in figure.

b A graph obtained between the load

he load demand with respect to time. The curve is re

'n hours, days and months represented. However, a
h

|

Load (in KW)

9PM 1AM 5AM

SAM 9AM 1PM SPM
Figure: Daily Load Curve
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5.2

POWER PLANT ENGINEERING [JNTU-KAKINADA]

Q4. Whatis the need of
with steam plant?
Answer :

Need of Combined Run-off and Steam Plants

, The mn-?ﬂ' river plants are those hydro plants which
€ the water directly from the river. If the quantity of water

available for these plants is not uniform throughout the year.

Thus, it is not possible to use run-off river plant to supply the

va..riable load. Therefore, steam power plants are needed to be
mixed with run-off river plants. The use of combined run-off
and steam plants prevails coordinating the fluctuation of run-o
and power demand during the year. '

The combination of run-off river plant with steam
plant is to supply the load with greater reliability whenever it
is required. The selection of plants as the base load and peak
load depends mainly on the weather. During the rainy season,
run-off river plants are used as base load whereas thermal plant

- as peak load. Thermal plants are used as base load during dry
season and run-off river plant used as peak load.

Qs.

Write the advantages of a pumped storage
power plant in an interconnected system.

Answer : e
Advantages of Pumped Storage Power Plant

U]

In pumped storage plants, fhermal plant are loaded
economically as they transport peak load and energy

from peak to peak-off periods. ¢l ‘ n
() It decreases the wastage of availability of off péal{-

energy.

(iii)‘ The pumped storage plant stores the energy over the
year, when there is minimum load on the system.

(iv) It facilitates the standby power to the system.

Q6. Write a short note on coordination of hydro-
electric and gas turbine power plants?

Answer :

Co-ordination of Hydro-electric and Gas Turbine Plants

In combined operation of hydro-electric and gas turbine
plant, the gas turbine plant is generally used as a peak
lpad plant.

. The plant is most economical, when it operates, under
the following conditions. .

If only a small part of total energy is supplied as peak
loads. .

(a)

(b)  Ifthe total load-factor is less than 15%. =~ . i

combining run-off river plant ‘

‘only particular type of contaminants. Few of the water purity

_sea or river water is used as cooling water for condenser and this

. e ——
List out the various fu nctions of instrume!,h in
power plant.

Answer :
Various
follows,

Q7.

Model Paper-iv, g )
functions of instruments in power plants are 5

Operating guidance.

Performance calculations.

Maintenance and repair guidance.

Economical supervision.

. Cost allocation. iy
List out the techniques for measuring wate,

purity.

woR RN -

Qs.

AprilMay-17, Set-3, Qi)
OR
'How measurement of water purity is done?
Answer : April-18, Set4, Q1(e) | Model Paperd, age)
Techniques for Measuring Water Purity
Water purity is measured using various methods, these

techniques are designed in such a way that they can measure

measuring techniques are,

1. _Resisti\'n'ty or Conductivity meter

2. 7 Total organic carbon (TDC)

3. - Turbidimetry (Passing light through water)

.

4. . using special electrodes for dissolved gases.
Q9. Whatis the need of measurement of water purity
in power plants.
Answer :
Need of Measurement of Water Purity in Power Plants
In power plants, excessive impurity concentration results
in corrosion, priming and scaling of the boiler tubes. Generally,

water is contaminated by dye-works, sewage waste etc. Thus,
mostly the impurities enter into the feed water circuit through
the faulty pipes present in condenser. In some casés, excessive
impurity concentration in high pressure boilers also leads to
the failure of metallic components in power plants. Hence,
measurement of water purity in power plants is important to |
maintain the impurity concentration within the safe limits.

Q10. Write a short note on conductivity of water.
Answer s’ ‘ :

Conductivity test is performed to determine the amount
of disso}lved salts in feed water, steam and condensate. Electrical
conductivity of water with salt concentration is more than that
of pure water because of more jons (i.e., salts dissociate int0
positive and negative ions), Thus meaSuring the conductivity
of water is essential to know the salt content of feed watel.
Excessive salt concentration in feed water results in the
format.ion of impure steam in boiler which causes scaling a4
corrosion in boiler tubes. Thus, it js necessary to maintain the
conductivity of water within the safe limits,
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1. Derecﬁun by Gamma Activity of the Fission Products

! the coolant. Thus,-the coolant is examined to detect the type of radio active glem_entsv in gaseous products.

5.3 g;

AprilMay-16, Set-2, Q7(a)

o pH is a measure of acidity or basicj of a " ] . -
pH is measured on a.pH scale; 1 of a solution, A he temperatur i measured on scale of a thermormeter.the

The pH value has a great impact on feedwater of i ‘
comes acidic and corrosion takes place in the me power plants. If the feedwater has low pH i.c., if the pH is below 7, the

wt:llhc ;-‘qlllpmems Ofthe.plams‘ Similarly, ifthe feedwater has high pH i.e..
Ents o5 d 0 preyent corrosion and scale forming in power plant equipments,
‘ and thereby the pH of feedwater is maintained at a minimum value of

sabove 7, scales are formed due to the basicity of
4 value is controlled by various chemical treatm

Thus, the analysis of any water is incomplete without attaining the pH value .

ai2. Whatis the purpose of gas analysis?
uswer : .
Gas analysis 15 P erformeid to determine the concentration of each individual constituent present in a gas mixture. Generally,
i steam POWET plants gas analysis 15 perfon'n'ed on t?xhaust gases, to determine and maintain the concentration levels of CO,
and O, gases as less as P@Slbl& It is also possible to improve the efficiency of the steam generation through constant recording -
and analysing of the constituents of exhaust gases. ! g

—_— » .
a13. What are the different methods used for nuclear radiation detection?

Answer Model Paper-il, Q1(e) i

For nuclear radiation detection in power plants, the following two methods are generally used. They are, A {

In this method, the.gamma activity of coolant is measured to detect the presence of nuclear fission products in coolant. A
2. Detection by Radio Active Gaseous Fission Produicts Produced

During fission process in nuclear power plants a number of radioactive gaseous products are produced and combines with
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= POWER PLANT ENGINEERING [JNTUKfK[NA?;-Al
' T PART-B
ESSAY QUESTIONS WITH SOL |
5.1 COMBINED OPERATIONS OF DIFFERENT

5.1.1 Introduction - Advantages of Combined Working,
' ; . Stations

Q14. Explain the advantages associated with combined working of power plants.

¢

UTIONS . =
POWER PLANTS, :
pivision betweeéen Pow.r 7

Loid
April-15, Set-2, Q6(a)

OR

State the advantages of combined power plants. : ‘
' AprilMay-17, Set-2, Q1(e)

Answer :
Advantages Associated with Combined Working of Power Plants

In interconnected system, the reliability of sﬁppiy {o the customer is more compared to
power station.

an isolated system with a single

The total cost of energy required per unit of a combined system is low.

The capital investment needed for combined system is minimum.
grated system. -

The expenditure required for supervision, operation and maintenance is minimum in inte
This system provides the effectual use of transmission line facilities at higher voltages.
The interconnection of various power plants decreases the amount of capacity that is generated and require_d to be installed. )
There is a reduction in spinning reserve required as compAared'to s'mé,le power plant. '
ected system, the power can be supplied'ﬁ‘om the other station to
down the complete system.

N v oA e -

As more number of stations are combined in interconn
the customer if power fails at any of the stations. Therefore, it is not necessary to shut

8. The stability limit of the system is high. -

9.  Overall cost is reduced.
Q15. What is the purpose of inter connection in the load distribution? Differentiate base and peak load plants,

Answer :

Purpose of Interconnections

The main objective of interconnection is to obtain the overall economy of the combined system which can be achieved

by distributing the total load among the interconnected system.

Difference between Base Load and Peak Load Plants

Base-load Power Plant Peak-load Power Plant

Peak-load plants are operated during peak demand

1. | Base-load plants operate through out the year 1!
hours only, primarily for taking care of a power system.

2. | They have high plant load factor. 2. | The have low plant load factor.

3. |Since, peak-load plants are used for only small fraction

3.- | Operating costs plays a significant role in base-load
of time, the fuel cost is not major. -

power plants because the plant working base on load

should have: low operating on cost as they are heavily
loaded. ‘
If operating costs are maintained, it has high capital. In peak-load plants, minimum'capital cost is maintained.

It takes high start-up time. It takes low start-up time.

It has low and fast maintenance requirements. It has high maintenance requirements.

N e v e

Thermal nuclear and hydraulic power plants are Gas Furbines, steam and diesel power plants are -
considered as base-load power plant. considered as peak-load power plants.
: 4
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: 76 combined Operations, Instrumentation ang Coritrol' 5.5
UNiz”

mﬂ the requirements of plant Supplying the base load and peak load? .

- thig, g Ayt

wer * . )
.-ements of Plant Supplying the Base Load
equi

The various requirements of a plant supplying the.base load
. The operating cost of the plant should be minimum.
| (1) " The load should be continuous throughout the period,
£ (“) The capital cost of the plant should be Jess, ' b
(!H) The cost required for maintenance should be Jow, : ’ \ Atrgel W, o
::;) 'ﬁne location of plagt should be provided closer to the load centre.
(i) The number of operators should be minimum.
(vi) The additional components and rePaiﬁng facilities should be available easily.
Requirements of a Plant Supplying the Peak Load ‘ ,
The requirements of a plant supplying the peak load are stated as follows,
@ The operating cost required to supply the p'eak‘load should be minimum.
(i)  Peak loads are required to have less capital cost.

are as follow's.

V-

(i) The power plant should have the capability to run at cold conditions within a shorter period of time.
(iv) The power plant must bg able to hold the peak load for short duration in the special cases.

(v)  The plant should react instantly to the load variation.

Q17. Write short notes on load distribution between power plants.

\

Answer : -
Load Distribution between Power Sfations ' .
The load distribution between different power stations are discussed as follows:

In combined system, various power stations such as hydro, nuclear, diesel and steam power plants are adopied to generate
the power. These power plants distribute. the load curve into two types as base load and peak load. The interconnected system -

the same kind. If the base load is supplied by one power station then it is not essential to supply the peak load to the same power
station. It should be supplied to the other power station. The power stations are selected as base load and peak load plants based

on their characteristics and ability to meet the requirements. The load distribution should be performed such that the better overall
cconomy of the system can be achieved. :

. Generally, the base load is supplied by steam power plant whereas peak load is supplied by hydro-electric power plant.
Among all the power plants, hydro-electric power plant is mostly suitable for supplying both base and peak loads. In load division,
‘f'h: hydro-electric power plant is specifically selected for supplying the base load then steam or diesel is adopted to supply the
Peak load, ‘ :

312 Storage Type Hydro-electric Plant in Combination with Steam Plant, Run-of-River Piant
; . in Combination with Steam Plant . :

2 d

Qs. Explain the working of storage type hydroelectric plant in combination with steam plant.
p o ’ 4 e OR AL

| Disr;uss the working of hydro-electric plants having ample storage with steam power plant. *’
‘Answer , ' T ’ : ‘ ’ TR

» y 8 ‘ : g 4 AD"“-‘S. 501-1, Qe(ll
the The hydro Power plant carries the load instantly and follows the variations of peak demands successfully as cdrﬁpared to
lhel:na] Power plant, These plants can also take the loads steadily and permit the thermal plants to shutdown, without effecting

yst .

M requirements, The reliability of hydro power plant is high and it increases for the combined operation of hydro and
Power plant, e 20 ’ eL

Steg During normal or héavy run-off periods there is an increase in the application of hydro Pﬂwer'_due to water storage, while
redulzl Plants are ygefy) at the time of drought. The combined operation of steam and hydro plm.“ '8 most advantageous as it
8 €3 the Mminimym cost required for the operation. Since, the initial cost of steam power plant is less than the therma] plant.

. . l 3 3 .
Toag 15‘?‘}’6; Plants are used at any point of the load durnnonvcurve. but at low load factors it is more CxpenSI.\fe u., use as peak

lion

! . ' : o
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5.6

: }\{hen _there is enough run-off specifically in a monsoon
period it is suitable to use

hydro plant as base load and thermal
plant as peak load as shown in figure (1).

|
A

Thermal plant uséd
as peak load plant

—— Hydro plant used
as base load plant

Time — R
Figure (1): Use of Plants During Monsoon Period in Interconnected
System

During the drought period, hydro plant is used as peak
load and thermal plant as base load as shown in figure (2).

Fost 1 Hydro plant

as peak load

Thermal plant
as base load
\ -
” Time ——

Figure (2): Use of Plants During Drought Period in Interconnected
System

Q19. Discuss the following:
(i) Predominant hydro

(i)
(iliy Hydro'and thermal equally predominant.

Predominant thermal

Answer :
1)) Predominant Hydro

In power plants, few hydro power stations (run-off river
plants) are used as base load plant whlle.the other plants are
used as peak load plants. In some countries, where the water
is extracted from melted snow thereby maximum quantity of

" pPOWER PLANT ENGINEERING [JNTU-K A""".‘Aﬁ,ﬁ]

water is available in early summer, when the poﬁm (
less. During winter season, the water available is ms“ﬂiciem' ;

as the rivers are frozen., :
Hence, it is difficult to coincide the maximum dflnan
with maximum run-off, as result ther.mal plaut_s are needeq
mix with hydro plants. T herefore, during the minimum ryp.op
period the combined hydro and thermal power stations increqg,, |
the efficiency of the power station. o, !

(i) Predominant Thermal

Hydro powér plants are dew_:loped to operate eve a
minimum anriual load factor which is more beneficial, Th;,
due to reason that, the cost of water storage increases the capit
investment cost. But, the capital cost is independent of anny)
load factor. Usually, capital cost is minimum for low annyg |
load factor and it is maximum for high annual load factor, oy,
more benefit of developing hydro plants is to decrease th,
spillage during maximum run-off period. This can be achieveq
by operating the plant for prolong period which economises the
cost of fuel.-

(iii) Hydro and Thermal Equally Predominant

In an interconnected operation of hydro and therma|
power plant, the firm capacity which is‘the total capacity of
hydro plant must be taken into consideration. A complete
review should be made on the plants all over the year, as the
firm capacity of hydro plant depends on the kind of weatheri.e,
summer or winter. The minimum cost for power supply can be
calculated by the ratio of hydro power to total peak demand
This ratio is specifically suitable for the fields where there is
more cost of hydro power development and less cost of fuel
The economic power ratio ranges from 0.25 to 0.4 for the fields
where the fuel is cheap and hydro power development is not
high. The ratio varies from 0.8 to 0.9 is applicable to the fields

where the fuel is more expensive and favourable hydro power
plant sites are more. ;

In an interconnected system, the economic balanc¢
between hydro and steam power station depends on the
following factors:such as, g A

1. Nature of load curve

Run-off and its seasonal variation

2

3. Cost of fuel

4 Availability of condensing wateretc. "
Explain the factors used in combining the hydro
and thermal power plants.

(OR)

How would you make an economic analysis
the combined operation of the hydro aﬂd_w
power plants? &

Q20.

Answer :

The factors which are basically used for, mixio$

hydro and thermal power plants are explained as foﬂﬂ“"
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In thermal power plants, therconsumption of fue]
 load requires 7% of full-10ad cansumption or ) 1pp, o
nf;n 1s are used as peak loads then, it is essentjq] to keep some

¢ components as hot even when they are not working

0 1al plants work more economj
Henfi’otrg;::'ed E) peak load plants. mically as base loag
fan [ntroduction of Hydro Plant into a Predo
L Ihermal System

Inan interconnected system, the introduced hydrb plant
s the following main effects on total fuel consumption of

tem and overall generating cost,

minantly

ha:

VS . : _

E'j') It saves the fuel required 1o increase (he temperature of
boiler.

i) As the hydro plant follows more closely. and jt changes

ﬁequently with variation in demand, Thus, the quantity

of operation of peak zone can be improved.

(iii) In contrast to thenna! plant, hydro plant as peak load
plant works economically even at 15% annual load
factor. .

3. Installed Capacity of Hydro and Thermal Plant
The capacity of hydro and thermal power plant depends

upon the spare capacity._ Generally, the lowest total installed

capacity of combined hydro and thermal plant must be equal
to the peak load required with the possibility of sufficient
contribution of alternatives. In case of thermal power plant, if
the maximum continuous rating is taken as firm capacity then
spare capacity is considered as 10% additional to this capacity.

Asthe hydro plants are more reliable;, the spare capacity of these

plants are usually low as compared to thermal power plant. In an

interconnected system, the percentage of spare capacity which
is sufficiently taken ranges from 5 to 10% of the firm hydro
power capacity. ) {

4, Grouping of Thermal Plant )

The plant which works at the lowest cost per kWh
generated should be placed below in the load duration curve.
The machines are arranged in the increasing order of their
wit fuel cost in order to decrease the overall costs of fuel
tonsumption rate and power generation. '

Q1. Explain the working of run-of-river plant in
combination with steam plant.

Answer . ApriliMay-17, Set-2, QB(a) | April/May-17, Set-4, Q6(b) '
The run-off river plants are those hydro plants which

like the water directly from the river. If the quantity of water

~aVal|aPle for these plants is not uniform throughout the year.

Varlilsi,;t is not possible to use run-off river plant to supply the

mixad e !oad. Therefore, steam power plants are r?eeded to bf;‘

ande Wwith run-off river plants. The use of comb'med run-o
Steam plants prevails coordinating the fluctuation of run-of

I ;':'d power demand dur ing the year. The combination of run-off
e Prant with steam plant is to supply the load with greater

ree]abblhty whenever it is required. The selection of plants as
urj Ty load_and peak load depends mainly on the weather.
nag "8 the rainy season, run-off river plants are used as base
Whereas therma| plant as peak load. Thermal plants are
as base load 4 uring dry season and run-off river plant used

5.7

M,m."’d for Adopting a Run-off River Plant In combination

Wwith Steam Plant ‘

The method to adopt a run-off river plant with steam

]J.0wer plant is as follows, -

() Initially plot the load duration curve for system and
;:Orzputc the values of load factor as well as average

oad.

(i) Represent the power available curve which can be
obtained by plotting the power available by run-off river
plant. )

(iii) The average power is known as prime rate of power (or)
prime hydra steam rate which is calculated from the load
curve. This power must be supplied to both hydro and
steam power plants,

(iv)  From the power curve, calculate the minimum power
that can be supplied with hydro power station. Usually
97% of the time, the minimum power can be taken as
minimum hydro power rate from power duration curve.

(v)  Now, calculate the maximum steam power rate. It is
defined as the rate of power which is to be supplied by
steam plant is hydrostation is supplying the power at

minimum hydro power rate.
Mathematically,
Maximum steam power rate = [Prime hydro steam
rate] — [Minimum hydro power rate]

(vi)  Thenextstep is to determine the ratio of minimum hydro
power and prime hydro steam rate which is denoted by “x’.
Mathematically,

Minmum hydro power
x =
Prime hydro steam rate

(vii) Finally, by studying the load duration curve, the values
of'total energy required during the year and prime-hydro
" steam rate can be computed.

. Compare the principle of operation of combined
cycle power plant with the cogeneration unit
along with their limitations. ’

Answer : April-18, Set-2, Q6(a)

Combined Cycle Power Plant

Operating Principle

In combined cycle power plant gas turbine combines
with steam turbine. Main objective of such power plant is to
make use of exhaust heat of gas turbine Lo generate heat to drive
steam turbine. Thereby to produce additional electricity.

Novel principle of combined cycle involves, allowing
gases at high temperatures to expand in the gas turbine in order
to produce mechanical output which inturn used to generate
electricity. Hot gases leaving the turbine are passed through
a steam generator before exhausted to atmosphere. The water
entering the steam generator, absorbs heat of exhaust gases and
gets converted into stream which is expanded in steam turbine
to produce additional electricity.

For figure refer Unit-11, Q56, Figure: Combined Cycle

" without Reheat of Exhaust.

% peak Jog
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.o TU-KAKINA

T POWER PLANT ENGINEERTZ" =
Imitations

: . . . .. bient tempe:

! E:E'c;ency of the plant decr eases, when there is drop in barometric pressure or when there 1? raise 1n am 1 Perature,

3 -load efficiency ranges from average to moderate.

Not much compati 4
patible with fuels o . ' » '
: C‘chnerntiun Unit {10“.f quality.
Operating Principle . :
s o - i r i a single primary source of energy,
¢ of cogeneration unit is to generate both mechanical and heat energy from g cycle power iy

nical energy produced is used to de hani .
s m develops electricity, C '
ystoms meludes diesel i waste heat recovery boiler and cooling wate,

h heat recovery boiler etc.

Mecha

t}?;t: :f cl-?generauon unit. Other cogeneration systems includes, diesel engine Wi!h :
XC fmg.er, extraction — condensing turbine, back-pressure turbine, gas turbine Wit : i
l‘.‘nnuple of diesel engine cogeneration unit involves, allowing air-fuel mixture to burn in engine so as to develop
mechanical output. Hot exhaust gases leaving the engine is allowed to pass through waste heat recovery boiler before exhaisteq
to atmosphere. Feed water passes through provisions provided to cool engine jacket before entering the boter 7 bo'llcr' fEFd
water gets converted into steam as a result of heat transfer from engine exhaust gases. Thus, generated steam used for industria|
or domestic applications. ‘ . e

Engine Jacket Coolers

Y

" Pump

Condenser

]

L)

1

1

I -

] - r<— Engine
1 ) . 1

[} 1 ‘
1 1
1 |
! 1
! ]
4

b oom o oo oom oom oo oo o o o e e e — -

Y Exhaust Gases

Process - \ANV\AN\ -

Water
T * To atomsphere

Steam Generator
N : Figure: Diesel Engine Cogeneration Unit
‘Limitations ‘ ,
Limitations of diesel engine cogeneration unit are, '
Steam obtained is of low temperature.
Overall efficiency is low.
There exists need of frequent maintenance.

-Q23. Draw the schematic diagram of magneto hydrodynamic direct energy conversion power generation
unit along with their auxiliary components and discuss the principle.

ol of

wers | ' o © April18, Setd, Qsa)
-Principle of MHD Power Generation

, The principle 6f MHD power generation is based on Faraday’s law of electromagnetic induction. It states that. whien an
electric conductor passes through a magnetic field a voltage is developed in the conductor. The MHD power g'f:nera'to’ ¢ consists
of a gaseous conductor i.e., an ionised gas, or conducting fluid which generates current when passes through a magnetic field
with high velocity. The electrodes are placed in the path of current to extract it. The power deVEloped‘ by MI-g[D eneE: tor is DC
and it is converted into AC by an inverter. ) : : 3 g

Consider an electric conductor, that is moving through the magnetic field. Then, the emf and current are produced and
also the conductor i$ subjected to a retarding force, as stated by faraday’s law of electromagnetic induction P

The emf induced, .
E = Velocity of conducting medium x Magnetic field intensity

Look for the SIA GROUP LOGO Q} ‘on the TITLE COVER before you buy

‘Scannedwith CamScanner




UNIT-5 combined Operations, Instrumentation and Control

5.9

E=uxB

The current density,
J = Electrical conductivity x emf induced

J=oxE
. J=cub .
Retarding force,
F=JxB
=gulxB8
F=cub?

Therefore, due to the electromagnetic induction
principle. the movement of high velocity conducting fluid across
a magnetic field is converted into electrical energy, hence, it is

called as magneto hydrodynamic (MHD) conversion system.
Gas or fuid in

Expanding
duct

Gas or fluid oul

Figure

5.1.3 Pump Storage Plant in Combination
with Steam or Nuclear Power Plant, Co-
ordination of Hydro-electric and Gas Turbine
Stations, Co-ordination of Hydro-electric and
Nuclear Power Stations, Co-ordination of
Different Types of Power Plants

Q24. Explain the working of pump storage type plant
In combination with steam plant.

Answer ; ’ ! AprlliMay-17, Set-3, Q6(b)

. Inthe combined system, if thermal power plants
in“Iable are old and uneconomical then, they are usually
S:I'tﬂbie to take the peak loads. The development of pumped
*l0rage plants are necessary when these plants cannot take the
I::a.k loads. By using the pumped storage plant, the sudden or

Pid peak loads can be supplied for the short period of duration.
faf:?tﬁm Storage power plant requires suitable site at the tail
can be hydro power plant, So that slorr.fd_ water from the tank
at Lhe tipumPEd nearly to the upmost position and can be reused
plang a::f of peak loads. The combined wor-kmg ofhydrg power
Trom e tP“TPPed storage plant is beneficial as the exit water

urbine can be reused again to the tail race.

e plant during the
power plant. If the
d in the pumped
re effective and

In addition to this, pumped storag
peak load time improves the load factor of
reversible pump-turbine sets are incorporate
storage plant then the process becomes mo
efficiency of such process increases to 73%.

Q25. Explain the pump storage plant in combination
with steam and nuclear power plant.

Answer : April-18, Set-1, Q6(b)

In the combined system, if thermal power plants
available are old and uncconomical then, they are usually
suitable to take the peak loads. The development of pumped
storage plants are necessary when these plants cannot take the
peak loads. By using the pumped storage plant, the sudden or
rapid peak loads can be supplied for the short period of duration.
A pumped storage power plant requires suitable site at the tail
race of hydro power plant. So that stored water from the tank
can be pumped nearly to the upmost position and can be reused
at the time of peak loads.

In addition to this, pumped storage plant during the
peak load time improves the load factor of power plant. If the
reversible pump-turbine sels are incorporated in the pumped
storage plant then the process becomes more effective and
efficiency of such process increases to 73%.

A combined pumped storage and steam power plant will
results in the following advantages,

1. Loading of thermal power plants is more economical.

2. Reduction in wastage of off-peak energy of thermal
power plants.

3. When the demand is high, the pumped storage system

stores the energy by utilizing off-peak energy.

In Uttar Pradesh, a pumped storage plant in combination

with nuclear power plant is started at Ramganga power station.
During off peak hours, this nuclear power station-near by the
hydro site can result in cheap pumping energy to bumped
storage plants. This combination is beneficial as nuclear station
can be operated at high capacity factor and the locations
where coal prices are high, this becomes a competitive to the
conventional thermal power plant, '

Q26. Explain the working principle of hydroelectric
and gas turbine station.

Answer : [Model Paper-IV, Q6(b) | Apri/May-17, Set-1, Q6{a))

Combined Operation of Hydroelectric and Gas Turbine
Station

Hydro plant and Gas turbine plant are interconnected
on the same grid to supply power to the centralized load ve
economically. By doing so, the sources available at both the

- stations -are utilized to its maximumn. Proper scheduling of

hydrothermal station is necessary to minimize the total cost
of generalion. The cost of operation of hydro plant is low and
its capital cost is high whereas.the cosi of operation of ‘gas

turbine plant is high and its capital cost is low. Thus by proper
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. . ind
sources available al each station, most economical power can be generated for demanding tose. DLandmg $POn
available at both the stations, either hydro plant or gas turbine plant is used as base load station or p?ak Oad_s.tallon,
hydro plant s used as a peak load plant as it con take up peak load demand very fast whereas gas turbine plan-l is use‘d
ad plant, As the operating cos! of hydra plant is low, during the rainy season when the head of the \vnlf:r E!Vfllli.lblc in
Oir is enough to generate power, hydro plant is loaded to supply power to the demanding load and thus minimize th,
amount of water getting wasted. During this operation 2as turbine plant acts as a peak load plant. During the dry season, when
the head of the water is reduced in the reservoir, the gas turbine plant is used as a base load plant and the he Plf““ Eii
for the peak load period, ' J

utilization of
lhe sSources
Normally,
as base g
the resery

_The total cost of generation of hydrothermal plant depends upon the cost of operation of gas turbine pli:nl- Hence, by
usmlg hydro plant as a peak load station 10 supply peak load demand every time the cost of generation of hydro-lc ectric and
turbine plant can be minimized, During the operating time of hydro plant it must be noted that the RS AvRaLle lidhe
utilized to its maximum extent.

As the hydro pl

ants are multipurpose, certain factors like utilization of water for irrigation and navigation purpose shoylq
also be considered, H

ence. discharge of water from plant and spillage should be minimum.
Load (MW)

Gas turbine power plant

Basc load — Hydroeleclrm power plan

> Time (Hr)y
Figure (1)
Water inflow
[(J)
g | Storage
Gas turbine plant Hydro plant

@ —O

Load demand or
centralized load "P_

GH

Water discharge (q)

Figure (2) : Co-ordination of Hydro Electric and Gas Turbine Plant
Necessity of Two Different Plants on Same Grid

Ifa single plant is used to supply power during both base load and peak load period, then the capacity of that plant should
be able to supply power to peak or more load whenever required. IT (he operating cost of this plant is very high, then supplying
power during peak load period will be uneconomical as the peak load occurs on the plant for a short period in a year. To supply
power cconomically for both peak load and base load period, two plants are interconnected on same grid. Two plants on the
same grid can either be hydroplant and gas wrbine plant or nuclear plant and thermal plant. While selecting two plants, it should
be consider that one plant whose operating cost is low should supply power during the base load period and athor shoald be
reserved to supply peak load demand. The reserved plant should be capable of taking up the demanding load very fast. Hence,
by interconnection of twa plants, the cost of supplying power for base load and peak load period is reduced to economic value.
Using of gas turbine plants at peak loads is economical under the below conditions.

l. The energy supplied at peak load is less than the total energy. -

2. When load factor is less than 15%, ‘
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,1 En"st the advantages of gas turbine plant over steam power plant. 3
a2t ’

pnswer ! '
% tages of Gas Turbine Power Plant over Steam Power Plan¢
Adval

»

The advantages of gas turbine power plant in

Contrast to steam power plant are ag follows:

The capital investment of gas turbine plant is s; gnificantly

The time required for construction and installation of gas

(U
(i)

i) 'ﬁle gas turbine power plants occupy less space compare
(i

less when compared to steam power plant.

turbine plant is considerably less compared to steam plant.
d to steamn power plants.

) The number of operators required to work with gas turbine power plant is less than steam plant.

v 1

W In comparison to steam power plants, Bas turbines provide instantaneous reactions.
v : -

(i)  The gas turbine power plants require minimum amount of cooling water for the operation,

(vi)  The gas turbine plant does not require heavy sub-structures.
Q28. Discuss the coordination of hydro
Answer :

In nuclear power station, nuclear reactors are used to generate the power. These reactors are mainly classified into two
groups such as,

-electric and nuclear Power station in detail.

1. Thermal reactors
2. Fast reactors.

The reactors which are practically used for nuclear Power stations are as follows,
() Gascooled reactors . ’
(ii) Boiling water reactors .
(iii)  Pressurized water reactors,

The nuclear power statj pace as its size is large (usually about |50 MW). These power plants have to
be worked with high load factors and the initial cost of the plant ranges from 2. 2000 1o T.2500
is suitable tq use as a base

per kW. The nuclear Power plant
load plant as it is complicated to achieve the close and rapid fluctuations of the plant under variable
load conditions, g

on occupies more §

If hydro power p!anfs are combined with nuclear power plants then it is eg

lant as a peak load plant. As the hydro plants can eas
When hydro po

The nuclear po

sential to use the nuclear power plants
ily supply the variable loads.
wer plants are combined with nuclear power plants then the tollow

as base

(i)

ing factors have to be considered,

b wer plants should be located near to load centres,

@ In hydro power Plant, the load centre should be provided at a long distance which require long transmission lines inc]uding

_ the transmission liability. ; ‘

i Nuclear POwer plants have the following advantages when compared to steam stations used in combination with hydro-
Stationg, - .

(iv)

W These plans can be used for many other applications as they do not require the conventional fuels.
v
ucle

© Nuclear Power plants require very less quantity of fuel. Hence, the transportation cost is reduced.
9. Brief . '

Y discuss the coordination of different types of power plants,
Answer : E

e | | April-18, Set-4, Qg(p)
0 of Differen¢ Power Plants - ;

diﬂ'e,reTl];!;eoc\i\iHerent power Pla.,mS used in‘lh_e COmbi'}ed system are hydro. nuclear, merm,al. Ry l sl c?nain ey

obtg o e plants are available then jt is essential to arrange al}d use thi."m properly E‘lt a 19west possible Benerating cogy, To
e cal operation of existing plants, the coordmatl.on of plants. are essential. ‘

0 I:s fh F—‘ﬁcu“ to arrange the different power stations as it is required to consider the Fnllowmg factors.

i € Initig) Cost of the plant,

Gy 1€ cog( Of the fye. ‘

© cost Tequired for

‘PE“'""H ALL-

Most econgm;j

operation and ‘maintenance,
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(iv) Availability of fyel I '
(V) The economics of base load and peak load operation. Load
(Vi) The working properties of the plant ' 100 MW--- 42
(vii) Transmission liabilities
(viii) Cost of incremental power. -
_ All the above factors in interconnected system are
considered for economical loading of various power stations. E 3
Based on the nature of load duration curve, availability of fuel.
and resources, the most optimum coordination can be obtained.
The figure shows the graphical representation of annual
load duration curve for various power slations.
100 20 MW---1 D )
Peak load point - —
Plant 10% L.F () Gas turbine c’ B 8760 hrs
(b)  Diesel h
30 ()  Pump storage ° 3000 hrs
) L.F-load factor
Hydro plant with limited Figure
 storage 40% L.F
60 (i) Load Shared by Peak Load Plant
=
8 Steam plan B i | d (2),
S, 6G% I F From equations ( ).an (2)
% 40 Load duration AI =200, B, =5P=0.05
n‘_l-’ Storage hydro plan e A. =50 B =10P=0.1
Jo% L 2 i : ’

Nuclear plan
4 Fa ,9/[]!-1(;“ fl}'ff
2 /////////////y
/////lun-uﬂ'n’vcr p]unl///////////
/IIIIIPP;:?'}H;!II /
0

Times as % ol year———

=]

Figure: Annual Load Duration Curve for Different-Power Stations

Q30.

Answer :

A load duration curve of a system is a straight
line, the maximum and minimum loads being
100 MW and 20 mMw respectively. The load is

supplied by base load and peak load plants.
The total cost of both is given as,

For base load plant:
Rs. 200/kW-year + 5 P/kWh
For peak load plant:
Rs. 50/kW-year + 10 P/kWh

For minimum overall cost, determine the load
shared by peak load plant and annual load
factor for both stations.

April-15, Set-1, Q6(b) | April-15, Set-2, Q8b)
Model Paper-l, Q6(a)
Given that,
Maximum demand = 100 MW

(ii) Load Factor for Base L P
Minimum demand = 20 MW . Plant ' oad Pl-ant wnd. Peak Lﬂﬂd
, 200/kW-year + 5 P/KWh (1) In case of base load rmined
| ) ad plant, |o; df: i
C, = 50/kW-year + 10 P/kWh - (2) by using, ) . T enlbe deth

cost can be calculated as,

_ 200-50

A — 4,
ST N e
28 0.1-0.05

L=3000 hrs

Let,

P, —Peak load on base load plant
P, —Peak load on peak load plant
" Peak load on peak load plant,

By=100-p,

100-F _ 3000
100 -20 8760

P, =100 (100 - 20y x 3000

8760
P, =72.603 Mw -

P = 100-72.603
Fo =27397 =~ 274w

Load shared by peak load plant, p
13 I

Look for the SIA GROUP LOGO @

Time required to operate base load for minimum overall

From the figure, cdnsidering AABC and AAEF,

=274 MW -
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Averageload 8760
(L-Fh * ” peak load 8760

Area EFB'CC’
= p,x8760

AreaEFBCE +AreaBB'CC'B
P, x8760

; _ Areaof triangle + Areaof rectangle
o - By %8760

Lo bxli+Ixb
N
P, x8760

%x(BOOU +8760)(72.603 - 20) +8760 x 20
72,603 %8760

_ 5880 % 52.603 +175200
636002 .280

B 309305 .640 +175200 .
636002 .280

». (L.F), = 0.762 (or) 76.2%

Load factor for peak load plant is given by,

P, - Area AFEA _ Areaof triangle
) T TP, %8760 P, <8760

Lopxn  Lx3000x27.4
2 2

= P,x8760  27.4x8760

- (LF),=0.171 (or) 17.1%

KW to zero. The load is supplied

—

Q3. The annual load duration curve ofa st
by two stations whose cost equations are give

C, =% (84000 + 84 kW + 0.0116 kWh)
C, = T (50000 + 44 kW + 0.02985 kwh)

ation varies uniformly from 64000
n as, :

Find the minimum cost of generation in paise/kWh for the system.

A""Wer H
Given that,
Maximum demand = 64000 kW
Minimum demand = 0 kW
Cost structure for station (1),

C, = 84000 + 84 kW +0.Q116 kWh

Cost structure for station (2), el
C, = 50000 + 44 kW + 0.0985 kWh ' _ b
: ) ————_SIA GROUP @
M ALLIN-ONE 10URNAL FOR ENGINEERING STUDENTS ,
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. 1
Load (kW) I

64000 kW --- '

: B
0 kW ---

Y

8760 hrs

Time ——

2192 hrs
Figure _.
From equation (1),
A =84, © B =0.0116
A,= 44, B, =0.02985
Time required to operate the base load for minimum cost is calculated as,
I= A -4 _ 8444
B,-B,  0.02985 —0.0116
L=2191.781 hrs = 2192 hrs
From the figure, considering AADE and AABC,
G000 p
8760 ~ 7192
_ 64000 x2192
b 8760
. P, =64000-16014.612
=47985.388 kW
Power generated by base load plant in kWh is given by,

=16014.612 kW |

1 .
(pb)=§- x b xhx Pb

1
= 5 x (8760 +2192) x 47985.388

(P,)=2627.679 x 10° kWh
Power generated by peak load plant in kWh is given by,

1 .
&)= 2 xbxh

P

x 2192 x 16014.612

[SHIES

(P) = 175520 x 10° kWh

on
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75 combin@C == T T o ERniand: Control
Wil energy generated, P=(B) 4.(p) T ‘ 5.15

01 =2627.679 % 10° + 175520 x 10
P =2803.199 x |03 kWh

on cubstituting the value of' P, and (P,) in equation (1), : |
¢ = 84000 + 84 x 47985388 + 0.0116 x 2627.679 x 10

_0.84 x 10°+40.307 x 10°+ 30481 x 10* -

_ (0.84 +40.307 + 30.481) x 10¢
c,=71.628 % 10°

ilarly, substituting the value of P, and (P ), '

Sin
C,= 50000+ 44 x 16014.612 + 0.02985 x 175.520 x 10°
_ 0.50 x10° + 7.046 x 10°+5.239 x 105
~ (0.50 + 7.046 + 5.239) x 10°
C,= 12.785  10°
Total cost,

C=C+C; - ' L .
71,628 x 105+ 12.785 x 10° SN '
=%84.413 x 10° |

Minimum cost of generation can be calculated as,

 Towlcost " __84413x10°
~ Total energy generated'  2803.199x10°

Minimum cost of generation = 0.03/kWh or 3 paise/lkWh |

. The estimated Eost of two power stations in rupees are given as follows,

C,=12500 kW + 2.75 kWh

C,=12500 kW + 3 kWh
These two stations operate In parallel and supply a load having annual load duration curve as straight |
line joining two points 0-hours — 100MW and 8760 hrs — 10 MW. Find, .

() Minimum cost of generation
. _ : |
(b) Installed capacity of each station |

(c) Annual load factor, capacity factor and use factor for each station. Assume plant Il has 20%

- reserve. ‘ _
~ Ansyer . ‘ _ : (April-15, Set-3, Q6{b) | April-15, Set4, Q6(a)) |
Given that, '
H C ' i e (l)
i ost structure for station (1), C, = 12500 kW +2.75 kWh r 5

Cost structure for station (2), C, = 12000 kW +3 kWh

rom equation (1),

S —————

» 4= 12500' B, = 275
1 From equation (.';.).
4,=12000, B, =3 . .
2 ' h ‘

nnnnnnnnnnnnnnnnnnnn
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100 Mw|A
Load (Mw) | g D
10 MW- 5
C| 2000 hours
0lc 8760 hours B,

Time (hrs) —»

Figure
" Time required to operate base load plant is given by,
. b Y
Bz -B

12500 ~12000
3-275
L=2000 hrs

From the figure, considering A4BC and A4DE,

100-£, _ 2000
100—10  §760
P,=100—(100-10) x 5o
P,=79.452 MW o epie e 1erns bl sl
Py =100-P,
=100 — 79.452

Peak load on peak plant P, =20.548 MW
(a) Minimum Cost of Generation
Base Load Plant (or) Plant-I
Total units generated is given by,

= Area DEBCE+ Area BB, CC, B
s

= -:"— x (2000 + 8760) x (79452~ 10) + 10 x 8760
=461251.760 MWh

=461.251 x 10°kWh )
—79.452 x 10° x 12500 + 461251 x 10¢ x 2,75

-~ C.= ?"261 590 x lD“

'POWER PLANT ENGI

Peak Load Plant (or) Plant-11

Total units generated,
= Area ADE |

= il 2000 x (100 —79.452)
= 220548 MWh _
=20.548 x 10°kWh - (3)
C,= 20 548 x 10° x 12000 + 20. 548 x 106 x 3
= ?308 22 » 106
Total generated units from plant-1 and plant_-l[,
" =461.251 * 10°+20.548 x 10°
Total generated units = 481.799 * 10¢ kWh
“Now, total generating cost,
C=C,+(
=2261.590 x 10¢ +308.22 x 10°
C =%2569.81 x 10°
Total generating cost
Total generated units
2569.81 x10°
= 481.799x10°
=% 5.334/kwh
(b)  Installed Capacity of each Station
Installed capacity of base load plant = 79.452 MW
Installed capacity of peak load plant,

1m+m)

=20.548 %
&
=20.548 x 1.2 .

(" Reserve capacity for plant-II = 20%)
=24.658 MW

(¢) ' . Annual Load Factor, Capacity Factor and Use Factor
for each Station

Base Load Plaﬁt or Plant-1

Average cost =
v

Load factor is given by,

Actual units generated
P, <8760

LF=

Area DEBCE + Area BB\ CC\B
P, x8760

1' .
> (2000 +8760)(79.452 - 10) + (10x8760)
~ 79.452x8760

373651 .760 + 87600
695999 ,520

—0663 or 66. 3%

A

LF=

NEERING [JNTU-KAKINADA)
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/-— tor for b load pl =
.- Load foctonipeasc oadplant = 66.3% 5.2 POWER PLANT INSTRUMENTATION AND
Capacity factor, CONTROL

C.F =LF=0.663

Use factor is given by,

Capacity factor

= & Load factor A
. C.F o 0.663
- LF  0.663

- Use factor for based load plant = 1,
peak Load Plant or Plant-I1 )
Load factor is given by,

. 3 Actual units generated
LF = P, <8760

Area ADE i
B, '%x8760 Iy,

%x2000x(100—79.452)

20.548 x 8760
LF=0.1140r11.4%

Load factor for peak load plant =0.114 or 11.4%
Capamty factor is given by,

Average load
CF="Actual plant capacity

Actual units generated

Installed capacity of peak load plant x8760

Area ADE
24.658 x8760

%XZOOO % (100 —79.452)

24.658 <8760

0.095 or 9.5%
- . Capacity factor for plant - IT = 0.095 or 9.5%
Use factor can be calculated as, .

' Capacity factor

Load factor
CF 0095
T LF 0114

U.F =0.833 or 83.3%
. Use factor for plant - II 0.833 or 83.3%

5.2.1 Importance of Measurement and
.Instrumentation in Power Plant

033 Explain the importance of measurement and
instrumentation in power plant.

Answer :

. Plant instrumentation plays a significant role in power
plant engineering, It is an essential requirement for the modern
electric power plants. These instruments provide accurate
information regarding the plant operation for safe, continuous
and proper functioning of the system.

Power plant instruments used for the measurement are
categorized into two groups,

(i) Mechanical instruments

(1) Electrical instruments,

(i) Mechanical Instruments

Some of the mechanical instruments are,
Pressure measuring instruments
Temperature measuring instruments
Flow measuring instruments
Fuel measuring instruments

. Gas analysis instrument$

Speed measuring instruments

Level recorders

Steam calorimeters and fuel calorimeters
Atmospheric measuring instruments (barometer,
thermometer etc.)

10. Gong alarms.

(ii) Electrical Instruments
Some of the electrical instruments are,

- Ammeters

Wattmeters

Voltmeter

Power factor meters

Synchroscope
* Reactiye volt ampere meters

Ground detectors.

The instruments are also classified as,

1. - Indicating instruments: These instruments are used only

for operating guidance.

Recording Instruments: These type of instruments are

used for operating supervision and for calculating the

performance of the plant.

3, Indication and Recording Instruments: These instruments
have the combine functions of indication and recording
instruments.

4 Indicating and Integrating Instruments: Thesc are used

for providing operating guidance, calculation of plant

performance and also used for cost allocation.

5. Indicating, Recording and Integrating Instruments:
These type of instruments have the combine functions
of indicating, recording and recording and integrating

instruments.

© PN AW
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. ln-strumenls n.ndlca_ate certain conditions established in the

ystem visually which can be altered according to the process
requ:rf:ments. The information given by the instruments helps
toachieve the best performance possible and provide details for
ﬁ_le calculations so that the results can be recorded and compared
timely. Information recorded from these instruments can also
be used to inspect the internal condition of equipment and show
when and where maintenance or repair is required. -

Q34. Whatare the functions of instruments? List the
steps involved in control process and mention

the: purpose of providing controls in power
plants. . !

3 1 Y
Answer :

Loy

The various functions of instruments performed in power
plants are as follows: -

1. Operating Guidance

They guide to function the plant efficiently and
economically by providing constant information regarding
the state of pressure, temperature, flow etc., to the operating
manpower which helps in achieving the best performance
through the plant.

2 Performance Calculations

They contribute by providiﬁg the data for calculations
so that the performance of the plant is calculated in terms of
plant working.

3. - Maintenance and Repair Guidance

They are used to inspect the internal conditions of the
equipment to provide information about the maintenance or
repair if required.

4, Economical Supervision
It helps in the regulation of the plant economically.
5. Cost Allocation

Instruments help in dealing with the issues regarding
accounting of costs and cost distributions.

The basic steps'involved in control process are,
(i) Men.suring the quantity being controlled.
(i)
(iii)
(iv)

Observing the measuring device indication.

Manipulation of the control device.

control device.
Controls are provided for the following reasons,

(i)  Safety measures to prevent damages. 1 !

(ii)  Convenience of operation
(iii)  Overall operation efficiency
(iv)  Reduction of operation cost.

Change in the quantity of Ihe'uﬁbnlanc'ed flow by the

POWER PLAN =
S35 Explain briefly the types of mechanica|
instruments.
Answer :

The two general classification of instruments are,

Mechanical Instruments -
Mechanical instruments are of the following types,

Pressure measuring instruments

1.
2. Temperature measuring instruments
3. Flow measuring instruments
" 4, Fuél measuring instruments .
5. Gas analysing instruments
6. Speed measuring instruments
7. Level recorders '
8. Gong alarms.
1. Pressure Measuring Instruments

Some of the pressure measuring instruments are,
(i) Standard Bourdon Tube Type, Steam Pressure Gauge

This type of gauge is used to measure the pressure at
moderate and high intensity steams. The recording
type instruments is placed on the panel boards in order
" to measure the pressure but the initial information is
always taken from a standard shoit lcad gauge which is
~ mounted on the boiler. . i
(ii)  Helical Tube or Diaphragm Type Low Steam Pressure
: i '
The low steam pressure gauges are used to measure
bleeder pressures, exhaust pressures etc.

(iii) Vacuum Gauges and Manometers
Condenser vacuums and heater pressures are measured

with the help of vacuum guages and manometers.
Draft

Draft gauges are used to acquire and retain the best
furnace conditions, to inspect the operation of automatic
combustion equipment, to examine the condition
of the boiler setting and flues and also evaluates the
performance of draft fans and chimneys.

(iv)

2, Temperature Measuring Instruments

Following are the temperature measuring instruments:
(i) Glass Tube Mercury Thermometers

It consists of a bulb containing mercury attached to
a glass tube which is used in flow lines, measuring
conc!cnsa_te temperature, circulating water, feedwater,
bearing oil etc. Mercury thermometers are generally used
to read local readings but are also frequently used as a
check on remote reading bulb and tube thermometers.

Gas Filled Bulb and Tube Thermometers
These are used to measure the temperature of gases and

liquids upto 550°C, They are ideal for distance reading
upto 100 meters from the bulb locations,

(i)
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V
Vapour Pressure Thermometer

Itis used for measuring temperature upto 270°C, The

pulb of this thermometer partly consists ofa liquid whicly

is linked to @ length of tubing. Compared to gas filled
e lhermometers the vapour pressure thermometers
have Jimited applications in power plants,

Eleclricnl Resistance Thermometer

Elcctrical resistance’ thermometers are used for
he precise measurement of feedwater,. condensate
temperature and temperaturc of electrical machine
windings.

Thermocouple Thermometer and Pyrometer

These are used to measure high range temperatures of
furnace flue gases, preheated air, superheated steams elc.

Flow Measuring Instruments :
Steam F]nw Meters :

They are used to measure the flow steams in individual
boiler output, group boiler output, turbine supply
auxiliary steam, industrial steam etc.

Water Flow Meters ) i

It measures the flow of water such as flow of condensate,
feed water pump discharge etc.

Air Flow Meters

It is in the form of differential draft gauge used for
measuring the flow of air outside the gas loop.

Fuel Measuring Instruments

Coal

_ Basically, coal is measured in batches and can also be

(i)

(iii)

measured by belt conveyors and few pulverized coal
instruments which are continuous in process. A chain
grate stroker with coal volume measuring meter is also
useful in coal measurement.

Gas Meter

Gases can be measured either by positive displacement
or differential head type.

Oil Meters
Oil meters are of positive displacement type only.
Gas Analysing Instruments

Orsat apparatus, CO, and O, instruments are some of
the examples of gas analysers.

The CO, meter presently uses one of the following

. principles,

$PECTRUM ALL-IN-ONE JOURNAL FOR ENGINEERING STUDENTS =

Chemical : It is a modification of Orsat apparatus

Electrical : Tt depends on the measurement of
.conductivity of flue gases .

Mechanical : The density of the flue gas is balanced
against air,

6. Speed Measuring Instruments

, Speed measuring instruments are of the following types,
(1) _Vihraling read tachometer J
(i) Electrical tachometer
(iii) Clock type tachometer
(iv) Centrifugal tachometer
(v) Stroboscope tachtbtmeter
(vi) Revolution counters.
7. Level Recorders

Level recorders are used for monitoring and recording
water level in boilers, tanks, canals. It also measures the coal
level in pulverized coal bins.

8. Gong Alarms

Gong alarms are alert indicators which indicates about
the temperature prevailing in generators, transfarmer coils and
in other various processes. The alarm is mounted on the main
swilch or panel board.

Q36. Classify electrical instruments and explain each
of them briefly.

Answer :
An electrical instrument is a device used for measuring
the electrical quantities like current, voliage, power, energy etc
Following are the different types o[ electrical instruments.
used in power plants, y
(i) Ammeters
Ammeters are instruments which measures current in an
electric circuit. They are used in generator leads, feeder
circuits, auxiliary power circuits and field circuils.
(i)  Voltmeters
They are used to measure voltage or potential difTerence.
Voltmeters are also used to abtain desired voltage,
inspect automatic voltage regulators, sviichronize and
detect grounids, '
Wattmeters ‘
[Lis an instrument used for measuring the clectric power
or the supply rate of electrical energy olfcircuits in walts.
It is used to show power in generator or feeder circuits.

(iii)’

(iv) Synchroscope )
They are used 1o measure and display the frequency
difierences and the phase angle between lwo power
systems. .

(v)  Reactive Volt Ampere Meters
It is a meter which measures reactive power in an AC
electrical power system. [is power is measured in VARs
(Volt - Ampere - Reactive).

(vi) Power Factor Meters |
They are nsed to check excitation and load division in
alternators leads. These meters are placed on bushbars
when a synchronous condenser is used W maintun power

factors.

Ground Detector

It is an instrument used to indicate the pressure of ground
in an electric ciremit. 11s also niews, as yround indicator.

(vii)

—
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5.2.' ; ’ FT RS Sl R m ' " e
) 2 Measurement of Water Purity, Gas Analysis, O, and CO, Measurements -
Q37. With the help of 5 Neat s ' '  me:

. cribe of i ductivity of water.
Answer : ketch describe the method qf measuring con ty

throug T:fl; ;lﬁ?hu::':of sa_lt in feedwater._steam and condensate is determined by the B'ecmc}.ﬂ 'cunduclivity ofv-vater. e o
roughwhih e apacity o fwat;r tocon ductan electric curient is evaluated The conductivity of pure water is very low becays,
the increase in » acids or a.lkalu?s in it which splits into positive and negative 10ns. The conductivity of water increases w;yy

€ amount of ions in the water. .

The S A . Lotatba )
working a_nd arrangement of an electric circuit measuring conductivity is shown in the figure.

amm—

Balancimg
motor

Anplify

|
Conductivity cell

Figure: Electric Circuit

The conductivity meter used in the process is an electric measuring device. This method works on the principle of Wheatstone
bridge which measures the conductivity of the circuit. As shown in the figure, the cell is immersed in the water sample with one
leg of an unknown resistance R_and the other leg of the temperature sensitive resislance R,.

" The function of R, is to compensate the temperature if its temperature exceeds above 20°C. The unknown resistance
R_changes with the change in solution conductivity. The signals of the two resistances R_and R is fed to the amplifier which
amplifies and actuates the balancing motor. The balancing motor instantly moves the slider on R , Where new position of balance
is obtained. The arrangement also consists of an instrument pen which records the conductivity value. Thus, the conductivity of
water is calibrated.
Q38. Why oxygen level in the water is maintained low. Draw the circuit used to measure the dissolved O, in

the water and explain.

April-15, Set, Q7(b) | Model Paper-, QS(a)

OR
What is the use of dissolved oxygen recorders? Explain the working of the recorder with the help of a
neat sketch.’
Answer :

The important factor responsible for corrosion of boiler tubes and decrease in performance of the condenser is the presence
of dissolved oxygen in feedwater. To eliminate or minimize this effect an oxygen recorder is employed in feedwater in order 10
record and indicate the amount of oxygen present in It.
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e

5 Th& mf.order measuring the amount of oxygen is described in the figure. .
Oxygen Measuring Unit Oxygen :
" Meter [

LTI, ' : Battery

:: b 5" ' Eliminators

é ‘ ,4 = for
Blech‘olyﬁc—b % / N / Constant Head A.C Mains

4 Cell 4 % Device :
: % %

Z . 5 t<— Current supply to
water Jacket 9 i 2 electrolytic cell

/]

/ "

Cooling water out
f l T |H= ; 8 8
/ RV .
‘ //////// 777/ <= Feedwater n
T .
i . - Cooling Pressure
Waste ' . Water Reduction Valve
in

L]

Figure: Dissolved Oxygen Recorder

In this process, the oxygen in feedwater is analyzed by passing the feedwater through a pressure reduction valve into a
cooler where the water temperature is reduced to 20°C. An electrolytic cell consisting of a constant head device which maintains
a constant water flow through an opening in a water jacket. The water jacket encloses a Katharometer, an instrument which
detects a gas or measures the cohcentration of the gas in a mixture by measuring the changes in thermal conductivity.

The water when flows further it mixes with the H, — gas thereby dissolving the H,— gas and releasing the oxygen. The -

H, - gas produced in the electrolytic cell passes through one side of Katharometer and ﬂows to the compensator whereas, the
other side of katharometer is exposed to the gas in the chamber. '

In a central metal block, Katharometer is made to form a Wheatstone bridge by placing and connecting the four-platinum
spirals of Katharometer in cells. The two cells are open to the pure hydrogen and to the two gases from the contact chamber.
The platinum spirals are heated with the help of an electric current and when the gas comes in contact with these spirals, they
obtain the same temperature with no deflection of the galvanometer in the indicator. In the contact chamber, when two spirals
are exposed to H, and the other two are exposed to H, and O, mixture, the temperatures of both the pairs will change and the
deflection is obtained on the galvanometer. :

Ina contact chamber, oxygen in a mixture is proportional to the oxygen dissolved in water because the deflection is directlly
proportional to the oxygen in mixture and to the oxygen dissolved in water. p

Thus, the galvanometer scale is measured and the amount of dissolved oxygen is recorded.

Q39. Describe the process for measuring the pH of the solution.
' (OR)
» Draw an electric circuit used to measure pH value of feed water and explain its working.
Answer : . [Model Paper-IV, Q6{a) | AprilMay-16, Set-2, Q7(b)]

The circuit used for measuring the pH value is a combination of electrometer and potentiometer as shown in figure.
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e . Meter

| |
- Reference Electrode

Glass Electrode / : :
—[_--"— Thermionic
/ kD Valve |

R [ -
Tiroven il s [ s |

e Potentiomeler | - Battery
= 7 Fd

. 11
/ - |
~ Test Solution’ ' '

Figure: Electric Circuit Measuring pH Value

The pH meter consists of two elements for measuring the pH value of a solution. The two elements are a measuring
element and a comparison element. The measuring element in this process is the glass electrode whose potential depends on the
hydrogen ions concentration whereas, the comparison element is the reference electrode whose polential is always constant.

These two electrodes forms a galvanic sysiem when connected electrically. Active concentration of the hydrogen ions of
the solution and its pH value is obtained by measuring the e.m.f of the galvanic system.

In this circuit, the reference electrode is kept constant whereas the glass electrode is adjusted to a known voltage supplied
by a potentiometric circuit. - ' :

When the voltages of both the electrodes are equal, then there js x}o'volté'ge supply to'the grid which is indicated by a
sensitive meter. This makes the electrode voltage equal to the voltage indicated by the potentiometric dial.
Q40. Explain the magnetic wind method for the measurement of O, in the flue gases.
'Answer : "y } April/May-17, Set-4, Q6(a) | April-15, Set-1, QT(a) | Model Paper-lil, Q6{a)

Measurement of Oxygen

A paramagnetic oxygen analyser based on the magnelic wind type principle is used for'measuriﬁg ox.ygcn_'.
. Gas Qut

AC Supply

I
o/
Figure: Paramagnetic Oxygen Analyser
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zontal bypass tube. The

ontrol
""——l;l this Praccss, thc_ga_s is passed into the measuring cell through annulus with the help of a hor C e which is
 pypass tube having two similar adjacent Platinum windings outside are connected to the Wheatstone bridge C'.rcwtl‘: When
peated due to the voltage across the bridge. As shown in figure, one of the winding is cut by an intense magnetic fie d b
" the flue gases e_nte_rs the cell, 0O, is drawn into the bypass tube due to its paramagnetic properties. Oxygen is then. heate A Y e
winding to minimize the magnetic susceptibility of the gas. Further, the cool oxygen is passed into the tube replacing !he 0 [:.gng
which in turn passes into the annulys through the tube. A convection flow known as magnetic wind causes dlfferen_hal czob )
of the “’i“dingsj The change in resistance with temperature unbalances the bridge. This unbalanced e.m.f is then calibrated by
standard potentiometer recorder which depends on i

e

PR . L ;
Q41. Draw the electric line diagram to measure CO, in the flue gases and explain the working.

the O, content of the sample.

Answer : Set-1, Q7(b))

: (April/May-17, Set-3, Q6(a} | April/May-16, Set-3, Q7(b) | April-15,
Measurement of Carbon Dioxide

Measuring Filament ' Reference Filament
T 7T 77777777 - 7 7777777 77 ATT 77T 777
/ / / /
i 'lf / /J ! { / .
/\/\N\/\/\/ 7 W 9
/ ' / N7 /
/| 777 ’/’ ﬂ Reference Chamber
7 )/ IE— /] a Filled with Air %
A - e / /
77/ 77V Iz T 7777 TI T I 7777777/
L ! ! f’ . ' " . (]
GasIn Gas Out i ' i

Figure

The electrical circuit used for the measurement of CO, content in gases consists of a hot wire thermal conductivity gas

analysis cell. The circuit is composed of two chambers with a wire filament in each chamber. One chamber is filled with the gas
whose conductivity is to be measured whereas the other chamber is filled with reference gas like air is passed and sealed in it.

A wheatstone bridge is formeci by passing the platinum wire elements through the cells. The wire elements are heated
under normal conditions by the bridge current. As a result, the temperature of filament increases in the me
to decrease in thermal conductivity of gases passing around the filament. The change in temperature and
platinum wire elements unbalances the bridge and gives an unbalanced voltage proportional to CO, perc
flue gases. This unbalanced voltage in turn used for measuring the percentage of CO, in flue gases.

—

resistance of the two
entage present in the

Q42. With a neat sketch explain the working of Westing house oxygen analyser.

Answer :

April-15, Set-2, Q7(a)

A westing house oxygen analyzer is a fuell cell oxygen analyzer. It generams electric current v;rhen it comes in contact
With the oxygen and thus oxygen is analyzed. 00 :
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l.t consists of two electrodes and an electrolyte.

Combustion
+producls

|

N
S

=

»202- 0, +4e
> Combustion

SRR

AN

A

|
Fuel

Figure: Westinghouse Fuel Cell
Working

Oxygen or air is fed into the cell from one side and fuel from another. Two electrodes are used, air enters from cathode
side, and ceramic electrolyte is present between them. At high temperatures ie 400°C — 1000°C, electrolyte acts like a filter or
a screen and allows oxygen to pass through its crystal structure, by activated diffusion, in the form of O jons. Other gases like
hydrogen, nitrogen, water vapour, carbon monoxide, carbon dioxide etc present in the air along with the oxygen gets blocked
since the electrolyte has high ionic conduction and very negligible electronic conduction.

Oxygen gets adsorbed on the electrode and each molecule of O, acquires four electrons to pass through the electrolyte to
another electrode. Oxygen reacts with fuel to form combustion preducts. Thus the electrode becomes negatively charged resulting
in emf across the electrodes. It keeps on generating the emf until there is concentration difference in oxygen between the two

electrodes. The output voltage is about 0.0557 log (0.2/p), where, P is the partial pressure of oxygen at the measuring electrode.
Fuel helps to keep the pressure of oxygen low at the anode.

The fuel cell has a response iime of a fraction of a second after the air enters the cell. Cell

. is maintained at high temperatures
and it requires air flow rate of 4 + £*/hr. Calibration is done using gas with known amount of

oxygen.

Q43. How measurement of 0, and CO, is done? i | ;

Answer : April-18, Set-3, Q1(e)
Measurement of 0:

For answer refer Unit-V, Q40.
Measurement of CO,
For answer refer Unit-V, Q4l.

5.2.3 Moa;yrﬁm'eﬁt of Smoke and Dust, Measurement of Mois

1 ture in Carbon Dioxide Circuit
Q44. With a neat sketch explain the working of photo cell type smoke -

meter. g

’

(ApriliMay-17, Set-1, Qe(b) | Apri-ts, Set-3, Q7(a)

OR
With a neat sketch, explain the working of smoke measurement system
Answer : ; '
. .. ' April-18, Set-1, Qg ,
Photocell Type Smoke Meter ; : . : {3) | Model Paper.1, s{b)
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UNIT
A block diagram of a smoke detector is shown in figure ]
Cc;iin\
o Control Unit
oFooaEszodrooal wl o| Power Jadicgton
e et ey -2 supply recorder
BLIIZEoIoodtooo § and ’ and
E o electronic alarm
circuit unit
Chimney | ISP |
Power ) '

Gas in

. Figure: Smoke Meter

type of smoke detector, the projector emits a light source through the chimney. The receiver consisting of
plied with a controlled power. An indicator,

the smoke particles deflect some of the

\

In a photocell
a photocell is fixed opposite to the projector. The projector and the receiver are sup

recorder and an alarm are a part of a control unit. When the smoke enters the chimney,
light rays which on reaching the photocell activates and generates a signal in the photocell circuit.
e flue gas is further passed by the electronic circuit to the

The variation in the signal which is a measure of smoke in th ]
final reading is then recorded and measured in percentage.

control unit where the smoke is indicated, recorded and displayed. The

Q45. With a neat sketch explain the working of reflected light dust monitor. April-15, Set-4, Q7(a)

OR '
How measurement of dust is done?
Answer : . April-18, Set-2, Qi(e)
Reflected Light Dust Monitor
Gaé out
) 'Power supply
Photocell
L2
S
£
& L,
- Amplifier
.5 der
S . and Recor
. ' Indicator
Chimney —>
Lamp and Reflector

Gas 1n.
Fiuﬁre: Reflected Light Dust Monitor
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Itj
S used to measyre the dust released from the exhaust. | §

: ' . : hotocell receiver ang
Areflected light dusy monitor measures the light reflected from the dust. The monitor consists Ofé ’

a lamp with' , )
P With reflector on either sides of the chimney as shown in figure.

s . . - ted back by the dusy
. The lamp emits a beam of light to the dust particles through a proper opening. This ]@l:nt gdetstrclt}:smy fallie gan:
Particles and reflects on to the photocell. The indication of reflected light varies due to change In CUi3 q

: i ‘ . : i ed based on the weights,
When the quantity of dust remains constant throughout the monitor, then instrument can be measur 7

—

Q46. With a neat sketch explain how moisture in CO, circuit of a reactor can be measured.
g 4 April-15, Set-2, Q7(b)

.OR

How measurement of moisture in CO, is done? _
. ! [ S April-18, Set-1, Q1(e) | Model Paper-lll, Q§(b)

OR

Explain how the moisture in gas circuit of nuclear reactor effect the performance of the reactor. Describe
the arrangement used for the measurement of moisture in CO, circuit.

Answer :

The nuclear reactors with moisture content in the gas circuit leads to corrosion of the circuit and pressure vessels. It effects
the working of fuel element considerably and reduces the efficient working of the reactor circuit. Therefore, to enhance the
performance of the reactor, it is required to control the CO, moisture content constantly, to detect and avoid any kind of leakage

* of boiler tubes and alert the operator with the help of an alarm.

An infrared gas analyser is used to detect and measure moisture in CO, as shown in figure below,

S Calcium Fluoride
ample Wind
Tube Windows

- Pressure jcondenser

Refdrence Tube

Flow—+

.- Voltmeter
Meter O

Amplifier Recorr.!er

Chopper MolorA vy

Alnfmred Heaters |

Filter Gas
‘&l Circulators

Figure

In this process, the analyser is connected to the gas circulators to provide gas flow to the system. The function of the
comparator system of the analyser is to examine the difference in infrared radiation intensity passing through the reference tube
consisting of dry carbondioxide and the sample tube of the reactor. Two nichrome heaters acting as infrared sources are used
for the infrared radiation and an electrical fan is provided to chop the infrared radiations. It ig chop to regulate uniform discrete
amounts of infrared radiation to the two calcium fluoride coated windows. These windows retain the pressure depending on the
moisture content in the gas which is then compared with the pressure condenser. '

A pulsed pressure differential is provided to the diaphragm for unequal infrared heating of the condenser. The electrical
signal of the analyser is obtained by placing a perforated plate close to the diaphragm which completes the condenser.

This signal is further passed to the amplifier where it is amplified and the output is recorded by the recorder
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y lain the working and arrangement of precipitator chamberand detection_system with the help of 2
¢ s ‘neat sketch. & :

' swer ¢

1 ipimm,-(;hamber ot ; . d
. jrconsistsofa metal cylinder and a thin metal wire passing through the centre of the cylinder. The wire is being Insulate
e the cylinder. A precipitator chamber and detection system is shown in figure.

Lead Shielding

Photomultiplier
Gas In

fa s |
Insu.l:ll(.)rsT.‘.J G
Wire
.
Gas Out . Drive Mechanism

0@0 -— — -— \Q @

Wire storing drums

Clean CO, for Removing Impurities
B-Phosphor

FLTTTIT Iy

. Figura _
" The cylinder of this chamber is maintained at a potehtinl of 4 kV positi.ve. Tht_: gas is alloweq to flow for 25 secqnds ll"lto
' [he precipitation chamber from the sample channels. The daughter products like l’LIb'Idll.l[D and caesium prodl_lf:e.d b.y this action
" ets accumulated on the wire as they are positively charged. Further, the wire is_qulckly moved o_ut ofa prEClpltf-it-lon chamber
A passed into a hole of phosphor and photomultiplier system. The rate-meter 1s o'pefated by using a beta—.se'nsmve_phosphor
and by amplifying the photo multiplier output. The B-active materials existing on wire is detected by determining the integrated

. A gas sampling circuit arrangement is shown in figure (2).

Reactor

VeTsel I il
{ [

=1l Reac-lor [eeee |
Coe 21| F shield = 4 Unit Valve
A1 E] : > .
Rotating 6
Selector
Group of Gnn
Y-channels ;
Selector Valve |
Precipitation
*|" Chamber

' Aite : i Filter -

Figure (2): Gas Sampling Circuit

Acooled reactor consists of various fuel channels which makes the process uneconomical and difficult in monitoring each

el for‘the presence-of fission products. This is prevented by providing a small pipe at the top of each channel to take the

\ ds:;?sl:;—. fr om each channel. These pipes are further connected together in groups after bringing them out of the reactor and
ing, ‘ .

e Emup: al:éxe‘i gas sample from this group of pipes is passed to-the selector valve. The function of the selector valve is to control
i " sc;lect a group of channels sequentially and pass the gas sample to the compressor. The gas is allowed to pass into a

lain g amber through a compressor. The gas from this chamber is again passed to the main gas circuit ‘of pressure vessel to
€ pressure of the gas circuit. '
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5.2.4 Nuclear Measurements

Q48 -Whatva L s : -
. re the different met eutron flux? Explain
of neat Sketches. hods used for the measurement of n

Answer :

hem with the help

The methods used for the measurement of neutron flux are,

I Ionisation chamber method ’

2. Pulse counter,

Ionisation Chamber Method

. An ionisation chamber consists of a gas-tight aluminium casing composed of two concentric aluminium electrodes as
show in figure (1). | |

A i Outer Electrode

Casing Boron Coating
O\ l =

-

:> [nsulators

||

= .

|
. Inner Electrode

Figure (1): lonisation Chamber

The internal and external surfaces of the outer electrode and the external surface of the inner electrode is coated with
boron. The casing is filled either with hydrogen or argon gas. The sensitivity of neutron depends on the amount of boron coated
on the electrodes, the amount of boron enhanced with isotope boron 10 and the gas pressure inside the casing. In this method,
due to the presence of large y-rays it becomes difficult to measure the neutron flux. This can be minimized by using a suitable -
gas like hydrogen in the aluminium casing. The y-sensitivity in ionisation chamber can be further minimized by using coated
electrodes, enriched boron-and reduced gas pressure.

2. Pulse Counter

A pulse counter is used for measuring small neutron fluxes. A boron trifluoride (BF,) pulse counter is shown in figure (2).
Copper Casing L

Wire ’//
mvlgwgé
/]
Insulator 7/
BF, Gas Insulator

Figure (2): Pulse Counter

t

The principle of a proportional counter is to produce pulses and to attain a measurable signal from pulse amplification
technique. This counter consists of a copper tube acting as an electrode and an insulated wire at the centre of the tube which acts
as another electrode. The tube is filled with BF, gas and the wire is maintained at a high voltage to establish secondary ionisation

to get a large pulse. 4
Q49. What do you mean by dosimeter? Draw a block diagram of a dosimeter and explain its working.

. Model Paper-Il, QB(b)
OR

Explain with a neat line diagram the circuit to analyses the gas for nuclear radiation.‘
. . ApriliMay-17, Set-2, Q6{b)
L ook for the SIA GROUP LOGO Q} on'the TITLE COVER' before you buy
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A dosimeter is an instrument used for measuring the ra

’ radiation intensity, They are mainly of two types,

0 Survey dosimeter‘

' V(iil personal dosimeter.

: .surve)’ Dgsime‘el' :

 survey dosimeter consists of the following parts,

0 [onisation chamber .

1 (b) Amp]iﬁt‘.‘l’

0 Ammeter

td) power supply.

Ionisation Chamber

g
LT

Power
Supply

Figure: Survey Dosimeter

, In survey dosimeter, the current of ionisation chamber is proportional to the intensity of incident gamma-radiation. The

curent from ionisation chamber is passed on to the amplifier where it is amplified and the readings are then calibrated by the
ammeter. The readings are measured in terms of dose rate units as Roentgents (R) per hour which is a measurement unit for the
exposure of X-rays and y-rays. The readings evaluated from survey dosimeter gives the information about the feasibility of the

time limit to work in a room without facing any health hazard.

Q50. Explain the principle and arrangement of a fountain pen dosimeter.

Answer : . .
n doses received by the worker. It is based on the principle of

A fountain pen dosimeter is used to measure the radiatio
cause of the electrostatic repulsion, the thin movable gold foil |

- 0ld Jeaf electroscope i.c., when the electroscope is charged, be
diverges and makes an angle of divergence. :

- A fountain pen dosimeter is shown in figure. o - : ;

Metal Rod le-lhB
. Charging

5 4 s Terminal ?
1 W
117

N\ A
A=

Bl i -
A707%
1 U0
0707
| Huv
Gold Foils l ];_;suiatedl‘lug

Gas

-..__ - Figure: Fountain Pen Dosimeter . R
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: ; eye-piece from where
| n insulated tube, filled with gas and earthed. One end of the PET; I[Segoizz.bgr::l :f mgtal rod, two gold
foils are passed through the insulated plug keeping'a part of them outside the tube in divers sy bRl propoioad
by a high voltage battery and the metal rod is charged. The gold foils with like n:harg.ﬁfi jonises the gas molecules present inside
the potential. Radiations of beta particles and gamma rays penetrates the tube wall and i

. is change in angle of divergence
the tube. Further, the gold foils are discharged by the jons for mal:;ing an angle of divergence. This g.
is read from the scale and the amount of lonising radiation is calibrated. .

- This dosimeter is a
the div
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