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PART-1
Introduction to Solid, Liquid and Gaseous Fuels.

CONCEPT OUTLINE

Fuels : A fuel is a substance which releases heat energy on
combustion. The principal combustible elements of each fuel are

carbon and hydrogen.

r ' Questions-Answers

, Long Answer Type and Medium Answer Type Questions

Que 1.1. , Write short note on following :

a. Solid Fuels,

b. Liquid Fuels, and

c. Gaseous Fuels.

Answer

a. Solid Fuels :

1. Solid fuels refer to various types of solid materials that are used as fuel
to produce energy and provide heat, usually released through
combustion.

2. Wood, charcoal, peat, coke, etc are the some examples of solid fuel.

b. Liquid Fuels: .

1. Liquid fuels are those combustible or energy generating molecules that
can be harnessed to create mechanical energy, usually producing kinetic
energy.

2. Diesel, petrol, kerosene, biodiesel, ethanol are the some examples of
liquid fuels.

¢. Gaseous Fuels :

L. Gaseous fuels are those substances that burn in air and releases heat.

2. Natural gas, liquefied petroleum gas and coal gas are the some examples

of gaseous fuels.

Que 1.2, I What are the advantages and disadvantages of liquid
fuels over solid fuels ?
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Advantages of Liquid Fuels over Solid Fuels :
Require less space for storage.

Higher calorific value.

Easy handling and transportation.

Better control of consumption by using values and number of by
rners,

Absence of danger from spontaneous combustion.
Better cleanliness and absence from dust.

No ash problem.
No problem of corrosion and deterioration during storage.

Higher efficiency.
Less number of staff required.
Disadvantages of Liquid Fuels over Solid Fuels :

Higher cost.
Greater risk of fire.
Require costly containers for storage and transportation.

CONCEPT ODUTLINE

It is the part of chemistry that studies amount
|

Stoichiometry :
of substances that are involved in reactions.

Que 1.3. I Explain stoichiometry of combustion.

Answer |
1. Stoichiometric combustion takes place in a stoichiometric mixture ofa

fuel and oxygen.
A stoichiometric mixture of a fuel and oxygen contains the precise

2.
amount of oxygen to completely burn out all the combustible elements

present in the fuel.
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3.
4.

This implies conversion of all C content to CO, and all H content to H,0.

Therg 18 nplther an excess nor deficiency of oxygen present in the
reaction mixture. |

Asaresult, there is no free oxygen in the reaction products, while all the

con'lbu'stlblesl in the fuel are completely oxidized. For instance, the
stoichiometric combustion of n-butane is

1
CH,+ 65 0, -»4C0, +5H,0

The equation is balanced with respect to all elements and presents the

precise amoun.t of oxygen in the reactants just sufficient to ensure a
complete burning of the fuel.

Stoichiometric combustion is essentially a theoretical reaction.

PART-3
Exhaust Gas Analysis.

: Quegt;m_ o Bm T

Que 1.4. " | Explain the working procedure of Orsat apparatus for

exhaust gas analysis.

Answer : |

L

100 cm?® of gas whose analysis is to be made is drawn into the bottle by
lowering the leveling bottle.

The stop cock S, is then opened and the whole flue gas is forced to
pipette 1. The gas remains in this pipette for some time and most of the
carbon dioxide is absorbed.

The leveling bottle is then lowered to allow the chemical to come to its
original level.

The volume of gas thus absorbed is read on the scale of the measuring
bottle.

The flue gas is then forced through the pipette 1 for a number of times

to ensure that the whole of the CO, is absorbed.

Further, the remaining flue gas is then forced to the pipette 2 which

contains pyrogallic acid to absorb whole of O,.

The reading on the measuring burette will be the sum of volume of CO,

and O,

The oxygen content can then be found out by subtraction.
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9. Finally, as before he sample of €88 15 orced through the pipettes 3 and
 4to abs,orb carbon monoxide complete.‘y.

Burette

{4— Water

1.4.1. Orsat apparatus.
be determin
f CO,, and CO and

[ PART-4 | s n
‘Heat Calculations

Fig.
O, contents.

First Law Analysis of Combustion Reaction's,
using Enthalpy Tables.

r_”/’_iql“;tion s-Answers L e
R e
uestions

i Long Answer Type and Medium Answer Type Q
e R R
B e e e =

e d
Que 1.5. I Ho
combustion reactions ?

w first law of thermodynamics help in

Answer |
1. g;;\sidex; a steady flow system as shown in Fig. 1.5.1. Let reactant at
com};eu:ii :;i iﬂ and pressure p, enter a combustion chamber where

es place and heat is transferred to surrounding an

rod ]
products of combustion leave at T,and p,,

analysis of

d the
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Fig. 1.5.1. Definition of AH .
According to steady flow process.
Q- W- ={H - Hsr ‘*‘\HR]T

W=

AHP‘-—"H H)__(Q\
Where, ‘H_)> = Enthalpy of product atT,,

H__? ' = Enthalpy of reaction at T . p_ and
'Q'i-_— Heat of reaction.

If H > H_.then @ will be positive and heat is absorbed by the system
and reaction is called endothermic.

If H <H_ then @ will be negative and heat is released by the system
and reaction is called exothermic.

Que 16. | AH_ (enthalpy of combustion at reference temperature

T, for benzene vapour (CHy) at 25 °C is - 3301000 kJ/mole with the
H,0 in the liquid phase. Calculate AH, for the H,0 in the vapour
phase.

Answer I

1

o

If H,O remains as a vapour, the heat transferred to the surroundings
will be less than when the vapour condenses by the amount due to the
change in enthalpy of the vapour during condensation at the reference
temperature.
: AH | (vapour) = AH, (liquid) + m hgﬂ
Where, m = \1355 of H,O formed, and
= Change in enthalp\ of steam between saturated
liquid and saturated vapour at the reference
temperature T,
=24418kJat 25°C

For the reaction,
CH,+175 0,— 6 CO,+3H,0
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f CgHg, S0 mass of

ole O

a3
3 moles of HZO are formed on combustion of 1M

water is,
| ms=3X18:54kg 8
AH,, (vapour) = — 3301000 + 54 g441.

Adiabatic Flame Temperatvr®

perature and state its

Que 1.7. ] Define adiabatic f1ame tem

agyie 3169143 kJ/mole

importance.
Answer ,
A Adiabatic Flame Temperature: -
1. Ifthereisa negligible change in potential and kinetic e?nergles.dunng a
hen in the absence of any work interactions, the
dings and the balance is

combustion process t
liberated heat 1is partly
consumed up internally raisin

products.
Such a condition arises during a steady flow as well as no

combustion process.

In the limiting case, when there is no heat loss to the surroundings
(@ =0), the texppera'ture of the combustion products reaches a maximum
called the adiabatic flame temperature. It is also called adiabatic

combustion temperature.
Importance of Adiabatic Flame Temperature :

It is used to characterize the quality of fuel.
;t is used to determine suitability of fuel for an application
t is used . ‘ :
converse l;ﬁlo determu?e extent of substitution of a lo i
gher quality fuel. wer quality fuel to

4. Itisveryim '
portant in desi
¢ ne ai gn and scale ures w
ransfer is a significant consideration i prsedoes whereveres:

lost to the surroun

g the temperature of the combustion

n-flow

S R

Chemical Equili o T .
i q ibrium and Equilibrium Compositio C’ .

~ using Free Energy,
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Queutions-Answers

1-0118 Answer Type and Medium Answer Type Questions

Que 1.8. | Define chemical equilibrium and Gibbs free energy.

Answer |
A. Chemical Equilibrium :
1.

Chemical equilibrium is said to be in force in a system if there is no
tendency for a net chemical reaction to occur within the system. Such a

system is chemically homogeneous throughout and no change occurs in
its chemical composition over time.

For a chemical process to occur,

As . =EAssys+Assm20

universe

For a chemical reaction that will never occur,
Asum'verse = EASsy's. * JAssu:rr <0

Gibbs Free Energy :

The energy associated with a chemical reaction that can be used to work
is called Gibbs free energy.

It is given as the sum of enthalpy of system plus the product of
temperature and entropy of the system.

G=H-Ts

9. | What is general criterion of equilibrium for a non-flow

and flow process ?

Answer |

A
1

General Criterion of Equilibrium for a Non-flow Process :

Equilibrium for a non-flow process can be developed from the concept of
entropy generation.

If there occurs an infinitesimally small heat transfer 6@ into a system
with an instantaneous temperature T, then the entropy generation of
the system is given by

Tds — 5Q = TSy,
From the second law, 8s,, must be positive or zero.
Tds — 8Q = T84, 20
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B. General Criterion of Equilibriv™ for

1. For an adiabatic, steady flow process: the ne?

control volume is,

m
mm@:_ cv = M:ﬁmm = Mam R e m_.__umnu.mﬁn mon.nouﬁwo_
n
ts-
e place between the

Where, n stands for number of
tropy mmumnmacn will

volume, P for products, and R for

2. Now apply eq. (1.10.2), if the heat in
control volume and the mcﬁ.onu&um Sy

be

Sgen, €V =
mg. e down the effect

tant. Also writ

Que 1.10. _ Define equilibrium® cons Evomme.ob.
of total system pressure o1 mn..::uﬂﬁu co

bbmﬂ.m__n.._ ‘
A Equilibrium Constant : e active
ilibri fin
1. The equilibrium constant K, defined by P2T".
species involved in the chemical equilibrium is

pressure of the s;

ial ressures 0
ed by part ww%umb%nn of the total

perature of the system.

so be expressed in mole fraction

9. The m@&:a&&ﬁ co
terms as given below,

\fuamﬁ
N.‘M, }Nﬁ; :.,.,Dm_nff
= P)
% T., x|

Where, x represents the mole fraction of a particular com ponent given

in the subscript.
Effect of Total System Pressure on Equilibrium Composition :
1. For E”M given reaction, the equilibrium constant K is constant at 2
particular temperature because K is a functi i
a specified reaction. P ction only of temperature o
9. However, the equilibrium compositi :
system pressure P. position may or may not vary with the
3. From the formula of K , we h :
: s ave P is raised
(@ +b+..). This gives ; sed to the
s gives us following three cases - power (e +f+...) —

Casel:If(e+f+..)-(a
- =@ +b+..)= :
the equilibrium composition. )=0,achangein pressure will not affect
Casell:If(e+f+.)-(a+b+.)>

about a decrease i 0.an increase i
e in the product €ase in pressure will bring

concentrati
ation, while g decrease in
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pressure will increase products concentrations at the equilibrium. This
in must to keep K , constant at the equilibrium temperature.

]
Cawo I If(e + [+ ...)—(a +b + ...) <0, an increase in pressure will bring

about an increase in the product concentration while a decrease in
pressure will decrease product concentrations at the equilibrium.

Oﬂ.a.:: Determine the standard free energy change for the

following combustion reaction :
CH, (gas) + 20,(gas) —» CO,(gas) + 2H,0(liq) at 2

following data :

98 K using the

e o o, | coy. | mos
g parameter (gas) |(gas) | (gas) | (gas)
As® (cal K-! 445 | 490 51.06 16.75
kmol- 1)
AH’, (keal 17.9 ~940 | -68.3
kmol!)
Answer

MAEW v_u_.R—.Soa 1MAEW viwnﬁEE

[(2) (- 68.3) + (1) (- 94)] - [(1) (17.9) + (2) (0)]
— _9212.7 keal kmol~ ! of CH, burnt

= M ADM.W v_u_,.u.u__.._n..__ - MADMM u_dmns.:nu

[(2) (16.75) + (1) (51.06)) — [(1) (44.5) +(2) (49)]

_57.94 cal K- kmol~! of CH, burnt
—0.05794 kcal K- kmol™ 1 of CH, burnt

I

1. Enthalpy change, AH’

9. Entropy change, As®

3. The standard free energy change is given as,

AG® = AH® — TAs’
~912.7-(298) (- 0.05794)
_195.43388 kcal kmol-! of CH, burnt

|

: PART-7
Introduction to Otto Cycle.

EE—

m T @w_ _ Sy E_m&g bﬂmﬁ%g@@nﬁ&oﬁm .




Where, = Volume at start of compression.
v, = Volume at end of compression.
Now, iy =Pty
()
plL— = plr”
2

Process (2-3) : It is heat additi
Ceveesa sk oonetanb VG ion process. Heat is added during this

- Q,=C,T;-T)
ss (3-4) : It is isentropic expansion
P3vg'=pu,
e o)
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d. Process (4-1): 1t is heat rejection process. Heat is rejected during this
process at constant volume.

Qout = CU(T-l - TI)
4  Work done (W) = Heat added — Heat rejected
=C/(T,-T,)-C/(T,-T,)

5. Thermal efficiency, n = ~ oIk done
Heat input
CT-T,)-C,(T,-T))
CT,-T)
2 (T;s _Tz)"(T4 -Tl)
(T,=T)
=1- L% (1,321}
T -T,
6. Now, process 1-2 and 3-4 are ad1abat1c, S0
T, (EI_\H
T, LUZJ
= (r)'l’—l
Ty=T (ry?
T, (v)"
And, =2 =2
1 LvaJ
= (ryr-1
Ty= T, (r1
1. Puttmg these values in eq. (1.12.1), we have
T,-T,
=1- s — 4
R YT T
= 1__T'.__T_1...
@ - T
1
n=1-23

Quel.l& Derive an expression for mean effective pressure for

Otto bycle.

1. The net work output for an Otto cycle can be expressed as,
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paVs — Pa”4 fpz;;l
w= "
y -
P2 — Ps = r
2 We know that, —};l* D
f_.?_ = _}_?5- :a(Say)
pl = v
P: =rvzandv4"r g
1
pUl (FS?_-?}._.--""’ Ul i
W=~ L-—-U P 4 -1 _oq—r"""+1
prb A . ) BY(ar
D,V (CU'.jr a__.{.--"!'l —.Y-—'l
1 e,
- YLIL r J
1.1
PiY [(a--l) (r" =
[0 1)
=0 (r'— . .
3. Swept volume = Uy ~ U2 uje of the cycle 15 given by

4. The mean effective press
| Work output

Pm = Swept volume
=3
L f(a-10c" V=1l _ prita - D =1

A e = S T D

Pm = p(r=1)

Details of cycle are as follows :

Compression ratio = 7
Initial state = 100 kPa and 90 °C

Swept volume = 0.1 m3
Heat added to cycle at constant volume = 100 kJ/cycle

| AKTU 2018-19, Marks 10

Consider air as working fluid.

Answer 7

P(;:iven:r=7,p1=100kPa,T =90°C, v ¢ = 0.1 m?3
eat added at constant vo] broe ; :
: at co ume = 100
To Find : i Therma] efﬁciency. s
. Mean effective Pressure.

1.
Therma] eﬂiciency, N ¥ .

—
r?~—1
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1

=leom

2.  Work done/kg/cycle = Heat added/kg/cycle x n
= 100 x 0.541
= 54.1kJ

Work done

Swept volume

= % 541 kN/m? = 5.41 bar

=0.541 (For air, y=1.4)

3. Mean effective pressure =

PART-8
Diesel Cycle.

Questions-Answers

Que 1.15. | Sketch the diesel cycle on p-v and T-s diagram and derive
the expression for the efficiency of diesel cycle.

Answer |

1. Itisaconstant pressure cycle which is mainly used in diesel engine.

T
& A A 3

Constant

Reversible pressure
adiabatic

pv'=C

9 4
Qout
Q |1 Constant
1‘: 7 . volume i
(a) p-v diagram. (b) T-s diagram.
Fig, 1.15.1,

2. p-v and T-s diagram of this cycle are shown in Fig. 1.15.1(a) and (b)
respectively. This cycle consists of following processes :

a. Process (1-2) : It is isentropic compression process.
Py = Py
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®

©

N

1- 15A(ME.

- s and h R
b. Procesg (2-3) : It is constant pressure proces eat jg . deq
Constant pressure. ;

Pglg'=pgu, d heat ig pq;
d  Process (4-1) : Itaisa cons4tant volume process an 18 TeJectey .

tonstant volume,

Applied Thermodynamics
\

Qout = C (T Tl)
Work done during t;;z C)I:‘I::;:l’t 2dded — Heat rejected
Ty~ TP -CTy=T))
=%

3.

Work done
4. Thermal efficiency, "= Heat input
C,(T,-T,)-C,T,-T) _ 1—947—'!—132
C,(T,-T,) G0 -1)
(7, .)
P41
g7 (.G _ 7} (115
- (T, 1\ | C. ")
Y 2(1; J .
5. Forreversible isentropic compression and expansion processes,
y-1
T (v, (1152
T, LUJ
y-1
%ﬂ _ ( vaj (1153)
3 2
For constant pressure heat addition
L vy
—j,— = :,_’— = p (cut-off ratio) ..(1.15.4)
From eq. (1.15.2) ang €q. (1.15.3), we get
(v,)""
o By
LA
Ul
For constant volume procegs
U4 .= v
e = HQ(E@J?_I __(03\?
. vy L -.(1.15.5)
Subst:tutmg these values i ,2 . :
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D .v_ : ; :-,":‘
1. The net work output for a diesel cycle is given by,
P3Vs — DUy _ PV, — Py

W= p(v; —v,)+ 1 Y1

PypY, — p,1v, y A - Py,
v,(p-1)+ =
szp -Y_l -'c_]_

v v
v 2=pandL=r, vy, =y, U, =TV
v, v,

- -Pz(p"l)('f‘1)+P30‘P4r_(p2_P1r)
2 T'l
pz{p—l)(y-l)+p3(p—£~‘-r)—p2(l-£1r)
. P P,
2- .Y_l

szz[(p -Dy-1+p- p‘“r’ Y _(1-r')

y-1
RICRCR

pu,r’ Hlp -1y - D+p-pr ' -A-r")
y-1

Y

" . {ﬁ} or p,=pr" and A-ror v, =u,r "
P \U Uy

_pur M ly(p-1)- r'(p' -1)]

y-1

2. Swept volume = v, (-r-:--l]
: P
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¢ expression for mean effective pressure can be obtaineq -
b, = P Vlyp -1 - -1
b= l r-1)
. i

prilyp-1-r" "(p" - 1]
(y-1Dr-1

Que 117, | In an air standard diesel cycle with compressio, rag,

14, the conditions of ajr at start of cOmPression strop .
I bar, 300 K. After addition of heat at constant pressyyy
temperature rises to 2775 K. Determine the thermal efficiency °ft]:
cycle, net work done per kg of air and the mean effective Presgy,

(Take: R = 287 J/kg K and y = 1.4) | AKTU 2017-18, Markgy;

Answer

Given:r=14,p1=1bar,Tl=300K,T3=2775K, |
R =287 J/kegK y=14 : S

ToFind: i Thermalefficiency of cyclg. _
ii.  Net work done per kg of air.
iii. Mean effective pressure.

1. From ideal gas equation,
RT, 287x300

p 1x10°
0.861

U_; = Ul = = 0.861 m3/kg

Vo = 0yfr = = 0.0615 m3/kg

2. For isentropic process 1-2,
Pyvy" = pyvy!

v Y
reea (1) =pior
2

= 1x(14)14 = 40.23 bar
A.ISO, Z‘g U1 r-1
T " y,) =09M-l-2874
T, = _
3. For isobaric process 2-3, 2= Ty 28742300 x 2.874 = 862.2K

L

L, T,
L 2775

U3 =3 Xy e 20 _
T 8622 x0.0615=0.198
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T4 Qin_ ~ !

— Temperature —»
| =)
\

Entropy —»

Fig. 1.17.1.
4. For isentropic process 3-4,

5. Thermal efficiency of the cycle,

_(T,-T) _, _(1541.67-300)

= 1 -
" "4, -T,) 1.4 (2775 - 862.2)
1241.67
=1- =0. .
26779 = 0-3363 or 53.63 %
6. Also, n= Work done (W)
Heat supplied (@, )

W=nx@,=n xCp(T3-T2)
= 0.5363 x 1.005(2775 - 862.2)
[For air, C, = 1.005 kJ/kg K]
1030.96 kdJ/kg

7. Mean effective pressure,

_ _Workdone W
Em Swept volume v,(r - 1)

1030.96 x 10°
= = 12.895 x 10° N/m?
0.0615x(14-1) X o

= 12.895 bar

SRR M

 [PART-9 |

" Dual Cycle.
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Answer :ne. Some part of he
1 Dual éycle is most suitable for hiElh:lza(;%‘;rﬁd rest of the part tak:z
addition takes place at constant::s';wwn in Fig. 1. 18.1(a).

place at constant pressure = (6-1) 8 constant volume.
. . 1 ss =
9. Heat rejection takes place 10 process | s the features of both Otts

3. This cycle is called dual cycle pecause it

cycle and diesel cycle.
tant VO ume
. § Cone _Constant pressure

3

9 5

e
ﬁ"‘o\y
1 CoﬂB“a
S

s
(b)

4, FO[' dual CYCIer
Total heat supplied = Heat supplied at constant volume (2-3) + Heat
supplied at constant pressure (3-4)
= (T, - TP + C(T—Ty)
Heat rejection = Heat rejected at constant volume in process (5-1)
< C(T,~T)
5. Thermal efficiency,
e Total heat supplied — Heat rejected
Total heat supplied
C (T~
_ C(@,-T)+C,(T,-T)-CT,-T)
Cu(Ta - Tz)"'cp(T‘ —T3)

T o C, 18.1)
3_7:2)+Y(T‘—1;) v===Y (1.1o
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6. We know that, T,=

T,=
T, =

Also, T,

Y _
Us
Y

Us

(0"
4 L—l = prd
UZJ !
(r = Compression ratio = v,/v,)

P 3 .
T, ‘p“ =T, r'o (o = Pressure ratio =p4/p,)

2

v
T, = Ty " lap (p=Cut-off ratio = v,/V,)

7. Substituting all these valuesin eq. (1.18.1), we get

n=1

n=1

y-1

nr*-‘ap{j—*] -T,
5

@O e T ) (T ap- T a)

1 ap’ -1
rla-D+ay (p-1)

{ Compare the Otto, diesel and dual cycle.

Comparison between these cycles is done on the basis of following point :

a. Same Compression Ratio and Heat Addition :

!l—d

For the same compression ratio and heat addition Otto, diesel and dual

cycle are represented in Fig. 1.19.1 on the p-v and T-s diagram as :

Ottocycle:1-2-3-4

-1

Dieselcycle:1-2-3'-4'-1
Dualcycle:1-2-2"-3"-4"-1
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3 Constant pressure 3
- zrr 3
3
2n 3'
2 i @
p| 2 3 T '
4, i
4 1
1 Constant volume
Isentropic process
— 5 s 6 6” GI“'
[") b
a e
on ratio and heat input.

Fig. 1.19.1. Same COmpressl

Now from the T-s diagram, it is clear that,

Area 5-2-3-6 = Area 5-2-3-6'= Area 5-2-2""-3"-6".
This represents the heat input. So every cycle has same heat input fy
same compression ratio which is represent by 1 — 2.

So, Otto cycle has highest efficiency. Diesel cycle has least efficiency
while dual cycle has efficiency between diesel and Otto cycles.

Notto > MDual > "Diesel
Same Compression Ratio and Heat Rejection :

In Fig. 1.19.2, Otto and diesel cycle are shown. Efficiency of both the
cycle is given as,
Q
n()tm = 1———
Qs
Q
Diesel = 1_"62

Qg is heat supplied in Otto ¢
ycle and
2 - 3 on T-s diagram., equal to the area under the curve

Q'gis heat supplied in diesel
2 - 3 on T-s diagram,

From T-s diagram, it is clear that,
Qs> Qg

tocyle > (Heat supplied) Di

cycle and equal to the area under the curve

(Heat supplied),,

esel cycle

|
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N '
49
o
3
1 ‘u‘ H ,! ’
‘_ 2 4
. ] 4
. . l l mo
| lsentropic procoss ol ant yolv
- —
v 8
La) (b)

Fig. 1.19.8. Samo compression ratio and heat rejection.

5 So, efficiency of Otto eyele is greater than that of diesel cycle and we can
conclude that,

Noto ™ Moual ™ Mdiesel
o. Same Peak Pressure, Peak Temperature and Heat Rejection :

2 3
) A Constant 3
2!
» 7| 2 ™
.[:\\e CJO ﬁ\e
Q o

Fonstant volume

b s 6
(@) (b)

Fig. 1.19.3. Same peak pressure, temperature and heat rejection.

e

v

1. InFig. 1.19.3, Otto and diesel cycle are shown on p-v and T-s diagram

as:
Otto cycle : 1-2-3-4
Diesel cycle : 1-2'-3-4
2. Efficiency of Otto and diesel cycle is given as,

Moo = 1- %
NDiesel = + 7~ %?"
3. From the T-s diagram, it is clear that
Qs> Qs
(Heat supplied)p;,, > (Heat supplied)qy,
4. So, diesel cycle efficiency is greater than Otto cycle.
5. From above analysis, we can conclude that
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NDiesel > MDual = Motto Inp“t ;

d. Same Maximum Pressure and Heat

on p-v and T.g 4;
1. InFig. 1.19.4, Otto and Diesel cycle aré shown 017 8 dlag,.a&

as:
Otto cycle : 1-2-3-4-1
Diesel cycle : 1-2'-3'-4'-1

2. From Fig. 1.19.4(b), it is clear that )
ecti iect10)p;esel
(Heat rejection),, > (Heat rej tfnbs:t T o &

3. So, diesel cycle will be more efficien . So. dies
cycle having more efficiency have more e:}:::zl » diesel ey
efficiency is more and Otto cycle efficiency 1

4. From this analysis, we can conclude that
MDiesel > MDual ~ Motto

fo_s ,
% Isentropic Constant 3’
process
p Tl 2
oz
Isentropic 1
process
1 Constant
. I volume
v 5 s 6 6 >
(a) ®)

Fig. 1.19.4. Same maximu:
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EA ) Vapour Power Cycles

Ver PART-1
'l Vapour Power Cycles, Rankine Cycle with Superheat, Reheat and
leg Regeneratmfz, Exergy Analysis, Rankine Cycle, Effect of Pressure
: and Temperature on Rankine Cycle, Reheat Cycle,
. A Regenerative Cycle.
|,-~ 1

- f_,_ CONCEPT OUTLINE N

\ Vapour Power Cycle : Thermodynamic cycles whose working fluid

is vapour or steam are known as vapour power cycles. These include

- Carnot cycle, Rankine cycle etc.

Exergy : It is a measure of the maximum useful work that can be
done by a system interacting with an environment which is at a
constant pressure and temperature.
Exerg;_r Analysis : It is powerful tool that allows evaluating and
analyzing processes by identifying their imperfection due to

thermodynamic irreversibilities.

Aiso find out the efficiency of Carnot cycle.

Answer |

A. Carnot Cycle :
1. It is an ideal cycle having highest thermodynamic efficiency. Carnot

cycle is shown in Fig. 2.1.1.

|
g —

Fig. 2.1.1. Carnot vapour power cycle.

t cycle are as follows :
Je isothermal heat addition process in the

2. Various processes of Carno
" a. Process 1-2: It is reversib
boiler.
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2-3A ME.g
b. Process2-3:Itisreversible adiabatic expansion process in steay, badl
¢. Process 3-4: It is reversible isothermal heat rejection pmce“uil;lhtr'
condenser. . . B
d  Process4-1:It is reversible adiabatic compression process or Pumg,
process in feed water pump. R
B. Efficiency:
1. Net work = Turbine work - Pump work
For unit mass flow,
W=(h,-hy)-(hy-h)
2. Heat added in process 1-2,
Qup=hy-h,
3. Thermal efficiency = Net work
Heat added
nc = (’Iﬂ—hj)_(hl_'hi)
arnot ( h2 _ hl)
=1~ hﬂ B h4
h,~h,
4. Heat rejecteq In process 34,
Qy=h,—h "
So Q
’ nCamo =1-234
t Q,

Q3-4=T(S -s,)
and 3 W39y

=8
3
So
’ 83 S4=32.._sl
T
3
nCamot = 1‘},‘
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Rankine Cycle :
It is a thermodynamic cycle derived from Carnot vapour power cycle for

overcoming its limitations.
In Fig. 2.2.1(a), Rankine cycle is shown on p-v, and T-s diagram. It

2.
consists of the following processes :
Process (1-2) : It is reversible adiabatic expansion process in turbine.

Process (2-3) : It is constant pressure heat rejection process in

a.
b.
condenser.
¢. Process (3-4) : It is reversible adiabatic pumping process in feed water
pump.
Process (4-1) : It is constant pressure heat addition process in the
boiler.
; 1"
p T 1
1‘, Superheated 1 ¥
steam #
Dry saturated 4
steam \
3 p2 2' 2 2" 3 p2 2'| 2 2“
> v -
(a) p-v diagram. | (b) T-s diagram. s
B. Work Done :
1. Rankine cycle is theoretical cycle for steam power plant.
2. Steady flow energy equation for boiler,
hy+ @ =hy
Q =h—hy
= |
d) Wr(= Wout)
ondenser
Cooling
water
Q2 (= Qout)

Feed pump
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3. Steady flow energy equation for turbine,
h,=Wp+ h,
Wp=hy—hy
4. Steady flow energy equation for condenser,
hy=@Qy+ hy
Q,=hy—hy
5. Steady flow energy equation for pump,
h3 + WP = h-i
Wp=h,—h,
C. Efficiency:
1. Efficiency, n= =
Q Q,
9. Now for adiabatic compression,
Tds = dh - vdp
Since, ds=0
dh = vdp
4 4
[1ah = [{od
hy—hg=03(y—P)=Wp
3.

W, (pump work) is usually small in comparison to Wy, (turbine work). So
we neglect this and efficiency expression becomes, - '

h = hy
hl‘h4

'f]:

D. Difference between Rankine and Modified Rankine Cycle :

| S. No. Rankine Cycle ~ Modified Rankine Cycle
L Lower thermal efficiency. Higher thermal efficiency.

2. More thermal stresses set-up
in the boiler.

Less thermal stresses set-upin the
boiler.

B—

3. Simple plant design.

Complicated plant design.

1

4. Large size condenser is Small size condenser is required.
required.

5. Less maintenance is | More maintenance is required.
required.

6. | For a given power, a small | Foragiven power, alarge capacity

capacity boiier is required.

boiler is required.
________.---’
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Que 2.3, I Explain Rankine cycle with superheated steam.

1.
2.

‘Answer |

Fig. 2.3.1 shows Rankine cycle with superheated steam.

If the heating of the working fluid is continued beyond the dry saturation
point, i.e., well into the superheat regime before feeding it to the turbine

(Fig. 2.3.1) i.e., state 1’ instead of state 1, the amount of heat added
increases,

This brings about an increase in the work output (AW, ypuy = area 1-1'-

2'-2). So superheating results in higher cycle efficiency.

Increase in

Qﬁfe'fz_.‘i.;':'. Explain reheat Rankine cycle with the help of neat
schematic diagra_m and T-s chart.

In rehéating, all the steam after partial expansion in the turbine is
brought back to the boiler, reheated by combustion gases and then feed
back to turbine for further expansion.

Here steam generated in boiler is supplied to high pressure steam turbine
at state 2 and is expanded upto state 3.

This steam is sent to boiler for being reheated so that its temperature
gets increased, normally this temperature after reheating may be equal
to temperature at inlet of high pressure steam turbine.

Steam after reheating is supplied to subsequent turbine at state 4, say to
low pressure steam turbine.

Steam is now expanded upto the exhaust pressure say state 5.

Expanded steam is subsequently sent to condenser and condensate at
state 6 is pumped back to boiler employing feed pump at state 1.
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; e e 1
‘ 4y,
S
Boiler L}\{PST
Sl

HPST : High pressure steam turbine
LPST : Low pressure steam turbine

Condenser

———— e

1
Feed pump

g 24, Reheat cycle.
7. Expansion occurs in two sta

ges one beginning at high pressure ang
other occurring at low press

ure with reheating in between.
8. Fromthe T-s and h-s djagram,

Heat supplied = (h1 =hs) + (hy - h,)
Heat rejected = = hﬁ_
Ty L 8

4  Increase in
¥ work done
due to
reheating

hi

Saturation
line

B
-

b)) —:2

Fig. 2.4.2. Ideal reheating process on (a) T-s and (b) h-s charts.
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9, Work done by the turbine = Heat supplied — Heat rejected
=(hy=h,) +(hy-h,)
10. Thermal efficiency of reheat cycle,

Work done by turbine
Heat supplied

by =)+ (b —h)
(A =hy)+ (hy~hy)

Enumerate effect of pressure and temperature on

nThermal =

‘Rankine cycle. AKTU 2014-15, Marks 05

A

_’.ha

For same back pressure and steam inlet temperature, the increase in
steam inlet pressure from p,, to p, is accompanied by the reduction in
net heat added as shown by area A, .,.,;, and increase in net heat added
by the amount shown by area A ;-
Generally, Aygomr =Agane
(Heat rejected),, 1554 < (Heat rejected) ;e ;34
1o Heat rejected

Neyele Heat added
Increase in steam pressure at inlet to steam turbine is accompanied by
increase in cycle thermal efficiency.
Effect of Temperature of Steam at Inlet to Turbine :
From the given Fig. 2.5.2, it is clear that increase in inlet temperature
from T, to T, (Let T, < T,) increases net work and heat addition.
Net increased work = Area A, 4.,
Net increased heat addition = Area A, 4,




temperature from T, to T’} increase

in steam
rease 11 ses the thermy

iti that inc .3 4
9. So,itisclear of heat addition, which increa

mean temperature
efficiency. d of Expansion :
ure at the Endo ) ;
C. Effect of Press he reduction in back

i i temperature, t
h same maximum pressure and tem] ' be
: g'l:sswe from p, to po €AUSES increment in net work and in heat addition,

1;

~ —

\J

s —»

Fig. 2.53.

obk=-===
OF=-——

From Fig. 2.5.3, it is clear that
Increment in net work — Area 4'4322'3'54'
Increment in heat addition = Area 4'466'4’

So, the thermal efficiency of cycle increases by lowering back press
as increase in heat addition is more than increase in heat rejection.

N

Que 2.6. I Explain regeneration cycle with the help of neai .
diagram. Derive the expression for efficiency.
Answer ' | i |
A. Regenerative Cycle : t

1. Inregenerative cycle, the feed water entering the boiler is heated b¥
steam extracted from intermediate stages of turbine. .
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Here, turbine is double extracti S i : :
n
superheater. g and boiler is equipped with a

Tpe flow diagram of regenerative cycle is shown in Fig. 2.6.2 on T-s
diagram.

Superheater r/’/
X — T

urbine
1kg l\l w

Vapour Power Cycles

out

Condenser

¥

Boiler Y my ym,
HP (1 - my - mz)

heater (1-m,)) ] ‘g‘} 4
&

mLIAVEr,

Efficiency :
Let, m, = Mass of high pressure steam per kg of steam
flow, .
m,, = Mass of low pressure steam per kg extracted
of steam flow, and
(1-m, —m,) = Mass of steam entering condenser per kg of
steam flow.
Heat balance equation for HP heater,
my(hy=hes) = (1=my) (heg— hgs)

mll(hl - hfs) + (hfﬁ o f5)] = (hfﬁ - ];;f5)
_ (b —hyy)
1 Ty = yg)
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9. Here, turbine is double extracting and boiler is equipped with a
superheater.

3. The flow diagram of regenerative cycle is shown in Fig. 2.6.2 on T-s
diagram.

Superheater
\ g »
— 1 Turbine

Boiler

Efficiency :
. Let, m, = Mass of high pressure steam per kg of steam

flow, .
m. = Mass of low pressure steam per kg extracted

of steam flow, and
(1-m, —m,) = Mass of steam entering condenser per kg of

: steam flow.
Heat balance equation for HP heater,
my(hy —heg) = (1-my) (hee- hes)
m,[(h, - hfs) + (heg — hf5)] = (hsg - hes)
(R - hes)
) (b - hrs)

m,
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3. Heat balance equation for LP heater, \

iy ~ hyg) + iy = Byl = A=) Chys = By)

my= — h, B}
4. Heat supplied externally in the cycle = 25— figg
5 Isentropic work done = my(hy=hy)+ my(hy— ’-12) +(L=my—my) (h, -}
6. The thermal efficiency of regenerative cycle is,
Work done
Mlthermal = Heat supplied
m, (hy — hy)+ my(hy = ) + (1=, =y X, -~ by
B (hy = Pys)
-éue 2.7. | A simple Rankine cycle works between pressures 28 ba,

al condition of steam being dry saturated

and 0.06 bar, the initi '
work ratio an:

V' Calculate the dryness fraction, cycle efficiency,
specific steam consumption. I_Q_KTU zi@i?’-iﬁ, Marks 10

Answer ]

Given:p, =28bar,p,=0.06bar = . .
ToFind: i Drynessfraction.
ii. Cycle efficiency.

iti,. Workratio: =00 il
iv. Specific steam consumption.

. Mgdr ey .S

1. From steam table,

At 28 bar, h, = 2802 kd/kg, s, = 6.2104 kJ/kg K
At 0.06 bar, hey = = 151.15 kd/kg, h&,z =2415.9 kJ/kg

$m = 0.521 kd/kg K, Spe = 71.809 kd/kg K
U = 0.001 m¥kg

"
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2. Considering turbine process 1-%, we have
Sl. — 32

6.2104 = 5, + x, 5., = 0.521 + x,, x 7.809
12 i '_. '''' = (j.728

3. Enthalpy at point 2,h, =h),2 +x, A 2

_ = 151.5 -+ 0.728 x 2415.9 = 1910.27 kJ/kg
" 4. Turbine work, W, = h, —h, == 2802 - 1910.27 = 891.73 k.i/kg

6. - Pumip work. Wep=hy—hy=v,(p,~p,
. ]
1000
2 hey = hyg + Wp = 151.5 + 2.79 = 154.29 kl/kg
6. Net work, Wi=Wo—W,
= 891.73 - 2.79 = 888.94 k.J/kg
7. Cycle efficiency, n = L/ _888.94
Ql h} - ;:'.u
888.94
= =0.3357 3.57 %
2802 — 154.99 0.3357 or 33.57
4 888.94
8. Work ratio = —2* = = 0.997
Ao = W T 89173

) ; 3600 3600
S fic st onsumption = —— =4.049 kg/kW |
pecific steam consump W 888.94 Z )

Jue 2.8. A steam engine working on Raunkine eycle operates

between 1.96 MPa, 250 °C and 13.7 kPa. If engine consumes steam at
the rate of 0.086 kg per second, determine Rankine cycle efficiency,
neglecting pump work. Also, find Rankine cycle efficiency censidering

ARTU 2018-19, Macks 10 |

pump work.

Answ\.a.{'rfi :\:':fﬁ- :

Given : 7', = 250 °C, p; = 1.96 MPa = 19.6 bar

p, = 13.7 kPa = 0.13 bar, m = 0.086 ke/s

ToFind: i Rankine efficiency neglecting pump work.
ii Rankine efficiency considering pump work.

From steam table, at 19.6 bar and 250 °C,
= 3
h, = 2902.5 kJ/kg, s, = 6.545 kd/kgK, vy =0.111m /kg

From steam table, at 0.13 bar,

= 2 kJ/kg, s, = 0.717 kJ/kgK
hf2=213.7k.1/kg,hfg2-23802 /kg, Sp kg
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" =0.001013 m?%kg
S = 1-341 kJ/kgK, vy,
'y

19.6 bar

Fig. 2.8.1.
Since process 1 and 2 are isentropic,
So §,=8
6.545 = 0.717 + x,7.341 (o
x, = 0.7938
Enthalpy at 2, hy = hﬂ - x2hfg2
= 213.7 + 0.7938 x 2380.2
= 2103.10 kJ/kg
Turbine work, W, = m(h, —h,)
= 0.086 (2902.5 - 2103.10)
= 68.74kJ/s
Pump work, Wp=mug, (p, - p,) x 10
= 0.086 x 0.001013 (19.6 — 0.13) x 102
= 0.1696 kJ/s
Heat supplied, Q=m(h, - hey)
= 0.086 (2902.5 - 213.7)
= 231.23 kd/s (e hf4 = hﬂ)
Rankine efficiency neglecting pump work,
" = W W _68.74
Heatsupplied @, 231.23
=0.297=29.7%
Heat supplied considering pump work,
Q, =m(h,~hg) o hy=hp+ W, )
hro= 213.7 +0.1692
= 213.86
&1 = 0.086 (2902.5 - 213.86)
= 231.22kJ/s

10. Rankine efficiency considering pump work,

n= Woe V=¥
Heat supplied Q,
- 68.74 -0.1696

231.22

= 0.2965 = 29.6 %
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9. | Steam is the working fluid in an ideal Rankine cycle.

P Saturated vapour enters the turbine at 8.0 MPa and saturated liquid
exitsthe conc!enser at a pressure of 0.008 MPa. The net power output
of t_lle CYCI'B_ 1s 100 MW. Determine for the cycle (i) The thermal
ﬂfﬂcy, (ii) the back work ratio, (iii) the mass flow rate of the

am, in kg/h. AKTU 2016-17, Marks 15

iven :p, = 8 MPa = 80 bar, p, = 0.008 MPa = 0.08 bar,
: wer output = 100 MW @ | 0
1. Fromsteam table, -
At 80 bar, h, = 2759.9 kl/kg, s, = 5.7471 kJ/kgK
At 0.08 bar, hy = hyy = 1739 kJ/kg, hy, = 2403.1 kJ/kg
s, = 0.593 kJ/kgK, s, = 7.636 kJ/kgK
Vg = U= 0.001008 m%kg
9. Considering process 1-2, we have
§1= 8
5.7471 = sp + %3 5
5.7471 = 0.593 + x, 7.636

| 574T1-0593 _ coe

*= " 7636
hy = hﬂ-l-:nczhﬁ2 [ hp= hﬁ]
_ 1739 +0.675 x 2403.1 = 1795.925 kJ/kg

Turbine work, ~ Wr=hy~ h,
' - 2759.9 — 1795.925 = 963.98 kJ/kg
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' = -D,)
4. Pump = 0.001008 (8- 0.008) x 10" = 8.0056 iy,
}lﬁ = WP + hﬂi = 8.0056 + 173.9 = 181.91 k‘],kg

=W,.-W
Net work W =Wr-W,
’ o " = 963.98 — 8.00566 = 955.97 k.J/kg
=h,-h
6. Heat added, Q =h, ”
= 2759.9 - 181.91 = 2577.99 kd/kg
) . W, 955.97
7. Thermal efficiency, n = Q, = 9577 99
n = 37.08 %
W, 8.0056
2 ] = = = 0.008304
8. Back work ratio, W_ W, 963.98

9. Mass flow rate of steam, z
Power output 100 x 10
T W = 955.97

net

= 104.61 kg/s = 376580 kg/hour

Que 2.10. l A steam power plant running on Rankine cycle has stean

entering HP turbine at 20 MPa, 500 °C and leaving LP turbine at 90 %
dryness. Considering condenser pressure of 0.005 MPa and reheating
occurring up to the temperature of 500 °C. Determine :

a. The pressure at which steam leaves HP turbine.

b. The thermal efficiency. AKTU 2016-17, Marks 1 of

Given: T, =500 °C, p, = 20 MPa = 200 bar, x, = 0.9, p, = 0.005 MPa |

1. Letus assume that the condensate leaves conde
and the expansion in turbine and pumping pro
2. Fromsteam table,

At 200 bar and 500°C:p
At 0.005 bar -

nser as saturated liquid
cesses are isentropic.

2 = 3238.2 ki/kg, 5, = 6.1401 ki/kgK
hy = 137.82 kd/kg, hys = 24237 kJ/kg

U5 = 0.001005 m¥kg, 85 =0.4764 kJ/kg
S5 = T.9187 kJ/kg

h5=h5+0.9xh@5
= 137.82 + 0.9 x 24237
= 2319.15 kJ/kg

85 = 3;5 +09xg

=0.4764 4 0.9 7.9187




916 A (ME-Sem-4)
Vapour Power Cycles

m—

= 7.6032 kJ/kgK

;tnl)sceg;:in flgat_t;z Ig&f rature at state 4 is 500 °C and due to isentropic
on Molliel:-;h;;t b. . -kJ/kgK- The state 4 can be conveniently located
;.n d entr ol y the intersection of 500 °C constant temperature line

TOpy ¥ ue of 7.6032 kJ/kgK and the pressure and enthalpy will
be obtained but these shall be approximate values

The state 4 can also be located by interpolation using steam & Hla
|4

T 2 f

t 20 MPa
T 3
L LP turbine

HP turbine

| /6 0.005MPa_ 5\
§ —

Fig. 2.10.1.
The entropy value of 7.6032 kJ/kgK lies between the superheated steam

states given under, p = 1.20 MPa,
=17.6759 kd/kgK

~7.6027kJ/kgK

St 1.20 MPa and 500 °C
p=1.40 MPa, 5,; ; 40 MPa and500°C
By interpolation state 4 lies at pressure,

_(1.40-120) _7 6032 -7.6759)
(76027~ 7.6759)

' _ 1.399 MPa~1.4 MPa
HP turbine at 1.4 MPa.
S = 2.2842 kJ/kgK, Sp3 = 4.185 kJ/kgK

1.20 +

l

Thus, steam leaves

At 14 bar:
Sp3= 6.4651 kJ/kgK
hy = 830.3 kJ/kgK
hs = 1959.7 kJ/kgK
Enthalpy at state 4,h,= 3474.1 kJ/kg

For process 2-3, 55 = 53 = 6.1401 kJ/kgK. The state 3 thus lies in wet
region as S3 < Sg’
Let dryness fraction
S = 5;‘3 + X4 ngs
6.1401 = 2.2842 + %3
x5 = 0.9214

at state 3 be Xg-

4.185
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hy=hg +xg Ppes
= 830.3 + 0.9214 x 1959.7 = 2635.97 kd/kg 2
9. Enthalpyat 1, hy=hg+vgpy—pg) ['* hg=hyand U=y, 9
= 137.82 + 0.001005 (20 - 0.005) x 103

h, = 157.91 kJ/Kg
Net work per kg of steam = (h, — hg) + (h, — hy) - (hy - hﬁ)
=(3238.2 - 2635.97) +(3474.1 - 2319.15) — (157.91 - 137.82)
= 1737.09 kJ/kg
Heat added per kg of steam,

(hy = hy) = (3238.2 — 157.91) = 3080.29 kJ/kg

Net work _1737.09
Heat added 3080.29

Que 2.11. | A steam power plant operates on the regenerative cycle,

Steam from boiler at 30 bar and 400 °C is expanded in a turbine. A
part of the steam is bled at 2 bar pressure into the feed water heater
and the remainder is condensed at 0.07 bar. Neglecting pump work,
determine the work done per kg of steam and the efficiency of the

11.  Thermal efficiency =

=0.5639 or 56.39 %

cycle. : s 10

Answer
ToFind: i Workdoneperkgofsteam
' ii.Efﬁjc_:ier_icy'ofcycIe. o

1.  From steam table -
L

At 30 bar and 400 °C :
h, = 3230.9 kJ/kg, $; =6.921 kJ/kgK and
§1=8,=5,
i. At2bar:

hy = 504 k/kg, s, = 1530 ki/kgK.
§=1.127 kJ/kgK, hfg = 2201.6 kJ/kg
Sg = 5.597 kd/kgK

<8, So point 2 must Jje ; -
8 1€ 1n wet region.
i At0.07 bar £lon

= 2409.2 kJ/k
74
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Since -
2. ’ Sl = 33

6.921 = S+ X381
6.921 = 0.559 + x, x 7.719
xq = 0.824
hy=hy+ X3y
= 163.4 + 0.824 x 2409.2
= 2148.58 kd/kg
3. Also, $1= 8,
6.921 = Sp+ Xy S
6.921 = 1.530 + x,, (5.597)
xy = 0.9631
h, = hﬂ +x, hﬂ#
= 504 + 0.9631 x 2201.6
= 2624.36 kJ/kg
hy = hy+ v, (2-0.07) x 107
= 163.4 +0.001007 x 1.93 x 102
= 163.59 kJ/kg

|

6 e
2 bar 2

(1-m)

4_
4 007bar 3

5§ —p

Fig. 2.11.1.

4. Since pump work is neglected,
S = 163.4 kJ/kg = h;
he = 504 kJ/kg = h;
5. By energy balance,
m.xhz+(1—m)h5=h?x 1

m x 2624.36 + (1 -m) 163.59 = 504
9460.77 m = 340.41
m = 0.138 kJ/kg

5

6. Turbine work, Wz (hy = hy) + (1=m) (= hg)
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_ +(1-0.138) (2624.36 — 2148.58) '

-(3230.9 - 2624.36)
| - 606.54 +410.12= 1016.66 kJ

~ Heat supplied = h,—he
7 _ 3930.9 - 504 = 2726.9 kJ

g Efficiency of cycle,
_ Turbine work

~ Heat supplied
_ 1016.66 _ ) 3798 or 37.28 %

-

2726.9

n

' parT-2]
" Feed Water Heate)

A. Feed Water Heaters :

1 Feed water heaters are the dévices used for heat exchange between
two fluids (i.c., between steam and feed water) either in direct contact,

orindirect contact.
B. Types of Feed Water Heaters:
a. Open (Direct Contact) Feed Water Heater :

1. In this type of feed water heaters, bled steam and feed water are at
same pressure and adiabatic mixing is assumed to take place.

Bled ste
Adiabatic 4,,, pooam
" b 1y
mixing of
bled steam é Feed water
and feed > il i 4 h
a! "ta
water

(mg + my), h,

Mixture of feed water—e—
and bled steam

Fig. 2.12.1, Direct contact feed wator heater.

It is assumed that mi
siad at mixture leaves open feed water heaters as saturated

2.
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Using energy balance for direct contact feed water heater
y mdhﬂ o mbhb = (ma + mb] hc

Bled steam
N
Feed water

Fig. 2.12.3. Closed foed water heater.
Closed (Indirect Contact) Feed Water Heater :

In thls type of feed water heaters, the bled steam and feéd water do not
come in direct contact but the heat exchange between two streams
occur indirectly through metal interface.

In this, two streams (i.e., bled steam and feed water) may be at different
| pressures.

Feed water flows inside the tube and is heated by bleeded steam from
turbine.

What isbleeding and how does it affects cycle efficiency.

AKTU 2014-15, Marks 05

Bleeding is the process of draining steam from the turbine, at certain
points during its expansion and using this steam for heating the feed
water supplied to the boiler.

Water in feed pipe has temperature lower than the steam.

Due to this difference, steam gives its heat to feed water and gets
condensed. By this process, efficiency isincreased but at the same time
the power developed is decreased.

2

T B L e E 4
T = iy R T oo AP
i & et Sk

Describe binary vapour cycle with neat sketch and T-s
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10.
11.

12.

—_———

Steam Turbine =
\
l
=( : ) |

L
gl less\ W peopEesttTT '
3w \
§ 3 \
=g :

Steam
condenser

Vapour power cycle working
fluid as water

Fig. 2.14.1. Layout of binary vapour cycle. .

Vapour power cycle working
fluid as mercury

Fig.2.14.11sa layout of binary vapour cycle which shows clearly thatit
s a combination of two vapour power cycles having two different workin;
fluids (water and mercury).

Mercury vapour is generated in mercury boiler and sent into mercury
turbine for its expansion.

The expanded fluid enters into condenser.
From condenser, it is again pumped back into the mercury boiler.

In the mercury condenser (or steam generator) the water extracts the

heat from mercury to condense mercury and water converts into the
steam.

This generated steam enters into superheater and becomes superheated
steam and enters into steam turbine for expansion and goes into
condenser from where it is pumped into steam generator.

The net work done from cycle = Wyr+ Wep—Wp

Work done from mercury turbine, Wyyr = Myl — h,)
Work done from steam turbine,

Wer= mgrlh, —hy)
Total pump work, W, = my(h, —hg) + mgp (b, — h)

Heat added to the cycle, -
' Q4 = Myrthy —hy) + mgp(h,—h)
Binary cycle efficiency, - ‘
w
‘q — net
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—

_ by —hy) + mep (B, — hy) —myg (b — by) —mgp (hy — h)
My (hy —h) + mg(h, —h,)

A
Mercury cycle : 1-2-3-4-1

«— Steam cycle : a-b-c-d-e-a

/c - L‘\

u0215 A binary vapour power cycle works on mercury and

steam such that dry saturated mercury vapour at 4.5 bar is supplied
to mercury turbine and leaves at 0.04 bar. Steam is generated as dry
saturated at 15 bar and supplied to steam turbine for being expanded
upto condenser pressure of 0.04 bar. Determine thermal efficiency
of cycle. For mercury take, h,r at 4.5 bar = 62.93 kd/kg, h, at 4.5 bar =

355.98 kJ/kg,
v, at 0.04 bar = 0.0000765 m?/kg, h,at 0.04 bar = 29.98 kJ/kg,

h at 0.04 bar = 329.85 kJ/kg, s, at 4.5 bar = 0.5397 kJ/kgK,
a at 0.04 bar = 0.6925 kJIkgK, spat 0.04 bar = 0.0808 kJ/kgK.

AKTU 2018-19, Marks 10

. The binary cycle for given situation is shown in Fig. 2.14.1.
For mercury cycle, h; = 355.98 kJ/kg
s, = 0.5397 kJ/kgK
=85, =8+X,5;
or 0.5397 = 0.0808 + x,, (0.6925 — 0.0808)
s (0.5397 - 0.0808)
™ (0.6925 - 0.0808)
h,=h:+ xmhfg
= 29.98 + 0.75 x (329.85 — 29.98) = 254.88 kJ/kg
Work obtained from mercury turbine,
(Wpgg =H, - h, = 355.98 — 254.88 = 101.1 kJ/kg

Pump work in mercury cycle,

=0.75
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-py)
Wp) =h "hﬁ‘-v pl
| Pm—7f6k5x10" x (4.5 —0.04) x 100
= 0.0341 kJ/kg
Wt =101.1- _0.0341 ~101.1kJ/kg
Q =h- hﬂ,=35598 29.98 = 326kJ/kg

&5 ah“]

W, 1011 _g316r31%

Mhgoyle = Q. 826

450 °C

216.9 °C
200.4 °C

- T

5. For steam cycle,

At 15 bar, h,=2789.9 kJ/kg, s, = 6.4406 kd/kg
At 0.04 bar, h= 121.5 kJ/kg, k‘ﬁg = 2432.9 kJ/kg
8= 0.432 kJ/kgK, 3., = 8.0562 kJ/kgK
v, = 0.0001 kJ/kgK
6. Now, 8,=8,

6.4406 = S+ Xy 8y = 0.423 + x, x 8.052

. = 54406-0423 _ ..
2 8.052 '

hy= hrz +x, hﬂ =121.5 + 0.747 x 2432.9
= 1938.8 kJ/kg
Work obtained from steam turbine,
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(W) steam = By — hy = 2789.9 - 1938.9 = 851.1 kJ/kg
8. Pump work in steam cycle,
(Wpsteam = hyg = hry = 0.001 (15 - 0.04) x 100
= 1.496 kJ/kg ~ 1.5 kJ/kg
or hp=hp+16=1215+ 1.5 = 123 kJ/kg
Q= hy~hy, = 2789.9 - 123 = 2666.9 kJ/kg
(Woetstoam = Wp— Wp = 851.1 - 1.5 = 849.6 ki/kg
W, 8496

n =
steam cycle Q, = 26669 0.318 or 31.8 %

A Combmed Cycle :

Combined cycle is the combination of two cycles operating on different
fluids.

The best suited example of combined cycle is gas-steam combined cycle
which is a combination of Brayton cycle and Rankme cycle.

In a combined cycle, there are two cycles in which first one is high
temperature cycle known as topping cycle and second one is low
temperature cycle known as bottoming cycle.

The heat rejected by topping cycle (Brayton cycle) is recovered in
bottoming cycle (Rankine cycle). This heat rejected is used for generation
of steam in HRSG (Heat recovery steam generator) or WHRB (Waste
heat recovery boiler).

Layout for combined cycle is shown in Fig. 2.15.1 consists of following
processes :

a. Compression Process : In process 1-2, compression of air occurs.
b. Heat Addition Process : In process 2-3, heat addition occurs in

combustion chamber.
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Expansion Process : Expansion process is 3-4, that oceur
turbine.

d. Heat Recovery
HRSG at state 4 an
HRSG at state 6 is sent to ste

output.
Let, m, = Flow rate of air,
m. = Flow rate of fuel,
m_ = Flow rate of steam, and
CV Calorific value of fuel.

The work done in compressor,
Wo=m, (hy— hy)

C.

Process : Exhausts from gas turbine entey |

d leave at state 5. The steam generateq frn

am turbine for expansion and w:: \
¥

Heat addition in combustion chamber,
Qg4 = My X CV
Energy balance in combustion chamber gives
m, x h, +mf><CV (m, +m)h
Work avallable from gas turbme,
=(m_+my)(hy—h,)
Net work for topping cycle,a P

Wiopging = Wor— We
Drum (m, +my)
|T5 Stack gases
GT Exhaust
Combustion i
chamber +(
me 4 pm m
fuel v ——
12
2 3
E—
C GT

\

m,

1 atmosphere air

Deaerator

—— - -
———— — — —

S

. | 11 BFP
Fig. 2.16.1. Layout of gas-steam combined cycle.
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1 Approach
temperature

'.-"_. . B .-‘ - S R e R i R i e
- 11. Work available for steam turbine,
- - Wgp=my (hg—hy) +(m,—m') (hy—h
Pump work, Wipp = (m,—m,') (hg—hg)
~ Wggp=m,(hyy-hy)
Net work available for bottoming cycle,

10)

' Wbottomh.zg = Wor—Wegp— Wepp
12. Total work for combined cycle,
+W

W W,

bined ~ "' bottoming . ' topping
13. Thermal eﬁicigﬁy of combined cycle,
n ) = Waomh‘med
combined Qadd

. | Explain cogeneration arrangement. Give its uses also.

A. Cogeneration :
1. Itis defined as an arrangement in which cycle produces work (power)
along with heat utilization for process heating.
In other words, cogeneration is the arrangement of producing more
than one useful form of energy.
A schematic arrangement of cogeneratio
Heat added in boiler,

Quag =™ (M1~ hy)

Heat used in process heating,
y = mg (hs—hq) + T (hg—h)

n is shown in Fig. 2.17.1.

Qprocess
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o o W
Boilex Pressure reducing Turbine——(~)
valve

¥9

Turbine work,. | Wy = (m-myg) (b~ hg) + (my—mg - mg) (hg—h,)

WS o
g
g
~

-. Uses:
1. Infood processing industry and chemical industry, steam is required for
different processes and electricity too. _
In cold countries for street heating and electricity supply.

L 7

Fowing are the various types of combustion analysis :

a. Ultimate Analysis :

1. The ultimate analysis of a fuel determines the percentage of i
components.

2. Fuel consists of carbon, oxygen, hydrogen, nitrogen, sulphur and ash.

3. The percentage of hydrogen and carbon are analyzed by burning of
0.2 gm sample in the atmosphere to produce water vapour and CO, &
combustion product.
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p. Proximate Analysis :

1. The proximate analysis of fuel precisely determines the few important

ﬂz:nts of solid fuel such as moisture, volatile matter, fixed carbon

2. Itis thetechnique that separates and identi -
in a mixt ntifies categories of compounds
1en:::;‘mct:s ?&:e;?:: e ad includes moisture and ash content, the
% ure made of alcohol,
hydrochloric acid resins, starches, etc.co ol, petroleum ether, water,

3. This type of analysis of solid fuel allows a predictio
the fuels will behave in a furnace. o P S

c. Volumetric Analysis :

1. An analysis of gaseous fuels is normally carried out to determine in
percent by volume of each element or compound present in the gas.

2. Such an analysis is referred to as volumetric analysis.

Vapour Power Cycles

'CONCEPT OUTLINE

Aibfudlllﬂo(NF)zltisumdmdeterminetheeﬂidencyofmmbmﬁon
Amount of air

L | iy alue or heating value of the fl:lel is defined as the energy
ﬁ;rmng;]e:omplew oxidation of a unit mass or volume of a fuel.
; : i iqui 1s and kJ/m? for gases.
2 It sed in kJ/kg for solid and liquid fue
3. 'ﬂ:: e:.:pm: heating value, HHV ;s obtained when the water formed by
condensed. |

bustion i letely
4 ;;“: loweri;iz;’:;pvalue, LHYV is obtained when the water formed by
combustion exists completely in the vapour phase.

Thus (HHV), = (LHV), + m hg ..(2.19.1)

(=2



Applied Thermodynamics 2-29A (ME-seuM)

—
(HHV), = (LHV), + m (u, — up (209
Where, m = Mass of water formed by combustion, kg,

hy, = Enthalpy of vaporisation of water, kJ/kg,
ug = Specific internal energy of vapour, kJ/kg ang
ui = Specific internal energy of liquid, kJ/kg.

Que 2.20. | One kg CgH,g fuel is supplied to an engine with 13 kg o

air. Determine the percentage by volume of CO, in dry exhaust gy,
considering exhaust gas to consist of CO,, CO and N,.

1  Combustion equation in molecular basis for one kg of fuel supplied shall
be as under,

L (Cyityg + (0210, +0.T9Ny) > C0; +b €O+ dN, +eH,0

2. Equating the coefficients on both sides,

c. 8 -00702=a+b
114

2 a+?-+E
0,;021n= 273

18
' 114 - 0.1579=2e¢
N,;0.79n= d
3. Also it is given that 13 kg of air per kg of fuel is supplied, therefore

n= 13 _0.4487

4. Solving the above equations, we have
a = 0.0393, b = 0.0309,
d = 0.3545, ¢ = 0.07895, n = 0.4487
5. Constituents of dry exhaust gas shall be CO,, CO and N, as indicated,
Therefore dry exhaust gas = (a + b + d)

= (0.0393 + 0.0309 + 0.3545) = 0.4247
6. Percentage by volume of CO, in dry exhaust gas

= ___a.__xloo
(@a+b+d)

_ 0.0393
0.4247

x 100 =9.25 %
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y weight, Carbon=84%, Hydrogen = 10%, = 3.5 %, Nitrogen
1.5 % and Ash =1 %. oaﬁm... o, Nitroge
Determine the stoichiometric air fuel ratio by mass.

If 20 % excess air is supplied, find percentage composition of dry

fuel gas by volume. "AKTU 2015-16, Marks 10

On the basis of 100 kg of fuel let us assume an mnE«Emnm _HammBEm,om the
form :

C,H,ON,
From the given analysis by weight, we can write
12¢ =84 i.e., a=17
1b=10 ie., b=10
16¢c = 3.5 i.e., ¢=0.218
14d = 1.5 i.e.,, d=0.107

The formula of fuel is C;H,,0q 218N¢.107
The combustion equation is written as,

: 79
OqEBOe.Emzo.Sq +x Oy +2 hm.ww N,—p CO, +q H,0+rN,

Then,
Carbon balance: 7=pti.e,p =  §
Hydrogen balance : 10 = 2g i.e., ¢ = 5

Oxygen balance : 0.218 + 2x = 2p +Q)
0218 + 2x=2xT7+5i.e,x=9.39

) ‘ 79
Nitrogen balance : 0. 107 + 2x 21 =2r

79

0.107 + 2 x 9.39 x 1 =9rie.,r=354

Hence the combustion equation becomes,

79’
quucopwmwzpuoq +9.39 Om +9.39 hm& Z.N|].v 7 OOM
+5H,0+354N,

79

939 x32+9.39 x ;0 X 28

2L . =1289

mﬂ . . . . S i
oichiometric A/F ratio 100

If 20 % excess air is used, the combustion equation becomes,

qwu |
CyH, 0, 1Ny g7 + (1:2(9.39) Oy + (1.2X9:39 hB N,
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9. Total number of moles of dry products of combustion,

10. Therefore, percentage composition of dry flue gases by volume ig 4
follows :

for Thes gases determination with suitable sketch. Also d

. Numerical:

I:!....
—47C0,+5H,0 +(0.2¢9.39) O, + (1.2X35.4) N,

4)
=7 +(0.2)9.39) + (1.2X35
" =7+ 1.878 + 42.48 =51.358

q
_ 100 = 13.63 %
CO,= 51.358
o.= 1878 100=-366%
2~ 51.358
N.= 2248  100=8271%
2= 51.358

Explain the working procedure of the Orsat nv—-w-.noﬁ._

the air fuel ratio of C;H; with 150 percent theoretical air uﬂgﬁoﬁw

,ta»rmbn Procedure of the Orsat Apparatus : Refer Q. -9
Page 1-4A, Unit-1. ,

i sl S
Normal combustion of C;H,,
CsHg+50, + mhmMu N,—»3CO, +4H,0 + mhmmu N

21 21/ 2
Combustion of C,;H; with 50 % excess air or 150 % air,

CyHy +(15) (5) O, + (L5) @@& N,-3C0,+4H,0

+(1.5) @@& N, +(5X0.5) O
Mass of fuel = No. of moles of C,H

g X Molecular weight of C;Hy
. nuxaxww+mxdu$wm\5o~m
Mass of air = No. of moles of (0, + N,) x Molecular weight of air
= b5x15x TTW.H_ x 28.97
[ Molecular weight of air = 28.97
= 1034.64 kg/mole

Air fuel ratio = Massof air 103464 _ . _
Massof fuel 44 - 29-9 kgair/kg fue
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CONCEPT QUTLINE

|

Standard Heat of Reaction : It i
: It is equal

standard heats of formation of the products S_M.M w“En of all the
standard heats of formation of the reacta _EBE sum of all the
Adiabatic Flame Temperature : In a . .

: : : combust
takes m.nmcm adiabatically and with no work or Enm_mw..,.mm”mw””
_88_%_»_ energy, for such a process the temperature of the products
is referred as the adiabatic flame temperature.

What do you understand by heat of reaction and heat of
formation ?

as the reactants, the energy
the enthalpy of reaction or heat of reaction at constant pressure

B. Heat of Formation :

ol pon: absorbed when chemical compound

L Itis defined heat released or
is formed ?“uﬁn—mmu o—MB@EE if the temperature of the reactant and
Product are same.
Eﬁ = .m. __u_ua._!— i M:.
E. =H - Mﬁam}..v.r..!.
F~ compound 7
i i dard
“ The enthalpy of all stable elements in thetr stan
25 °C ig assumed to be zer’- Hence
D.mﬁn. = m&oo.uﬂi_l

state of 1 atm and
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Que 2.24. | Discuss the effect of temperature on standarq heg;

AKTU 2014-15, Marky;
reaction. _ —
Answer _

1. According to the Van’t Hoff equation,

d AH
ar K= Fp
This equation can be used to calculate the heat of reaction (AH) at ,,
desired temperature. .
2. By rearranging the above equation,
dln K _ b.mm
dT R
T
dinK _ AH
d1/T)” R

AH = -2.303 m@mh
2 @
= -19.148 ml_o.mhm kJ/kgmol
4 @
IfK, and K, are the equilibrium constants at T, and T, respectively,

log K. - log K
AH = —19.148 821 — 108 K,

3.

1 1
T, T,
7 S K
=-19.148 —1°2 1o M1 :
or AH 9 %nrﬁ mNu
4. Thus, the effect of tem

or negative. If AH is positive

» the reaction is saj
if AH is negative, th,

e reaction is exothermic,
Que 2.25. _ What is format; i

A m.e.._umnou Re

action: It js 3 ch,
of a single com

. emical reaction in which only one mol¢
pound is formeq
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Standard State Conditions :
The standard state temperature should be 25 °C and 1 atm pressure.
All liquids should be pure.

The concentration of all solutions should be 1 molar.

All gases should be pure.

The energy of formation of an element in its normal state zero.

Q.1.

Ans.

Q. 2.

Ang

Q.3.

Ang,

Q.4.

Ang

Draw p-v and T-s diagram for a Rankine cycle. Derive
expression for work done and efficiency of cycle. Explain
how it is different from modified Rankine cycle ?

Refer Q. 2.2, Unit-2.

Enumerate effect of pressure and temperature on Rankine

cycle.
Refer Q. 2.5, Unit-2.

A steam engine working on Rankine cycle operates between

1.96 MPa, 250 °C and 13.7 kPa. If engine consumes steam at
econd, determine Rankine cycle

the rate of 0.086 kg per § .
efficiency, neglecting pump work. Also, find Rankine cycle

efficiency considering p
Refer Q. 2.8, Unit-2.

ump work.

power cycle works on mercury and steam

A binary vapour .
such that %“-w- saturated mercury ﬁ-ve:“.K ﬂu p.M a”bn -.a

i recury turbine and leaves at 0. ar. am is
supplied 0 "o at 15 bar and supplied to steam

turated
AT 5 e ed upto condenser pressure of 0.04
;ency of cycle. For mercury take,
. b at 4.5 bar = 355.98 kJ/k,

h,at 4.5 bar = 62.93 kJ/kg B 0.0t har = Loy
v.at 0.04 bar = 0.0000765 m*/K8, ¢

] 329.85 kJ/ksg, 8, at 4.5 bar = 0.5397 kJ/kgK,
h, at 0.04 bar = 355 P e bar =0 -
s, at 0.04 bar = 0.6925 kJ/kgK, s;at 0.020ar= 0808 keJ/kg

Refer Q. 2.15, Unit-2.
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Answer —
A. Boiler: o
1 A boiler is defined as the combination of apparatus for prog

furnishing or recovering close heat together with app Ucing

E.m”ci.e
transferring the heat so made available to the fluid being heated
vapourized.

It is a closed vessel in which fluid is heated. The heated or vapouriz

fluid exits the boiler for use in various heating processes.
Classification of Boilers :

Based upon the Orientation/Axis of the Shell :
Vertical boiler,

Horizontal boiler, and

Inclined boiler.

Based Upon Utility of Boiler :
Stationery boiler, and
Portable boiler.

Based on Type of Firing Employed :
Externally fired boilers, and

Internally fired boilers.

Based Upon the Tube Content :

Fire tube boilers, and

Water tube boilers,

Based on Type of Fuel] Used :

Solid fuel fired boilers,

Liquid fuel fired boilers, anqd

B.
a
1
2
3
b.
1
2
c.
1
2,
d.
1.
2
e.
1.
2
3. Gasfired boilers.
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~ Based on Circulation : s34 - -

Natural circulation boilers, and

Forced circulation boilers

AKTU 2016-17, Marks :.\_

NI L
e ﬂnn ===== “
BP “
BP : A
~17
FD—» _ | <ue 5
\‘ ¢ D D
T 700 %\\\\\\\\\\\N
D = Drum PG = Pressure gauge
T= ubes

gV = Safety valve

DTH = Down take
MSV = Main stop valve

BP = Baffle plates

D = Doors APP = Antipriming pipe
G = Grate L= Lower junction box
FD = Fire door U= ducmignaou box
MC = Mud collector FV = Feed valve

evel indicator

ck and WilcoX poiler.
t end and end header

WLI = Water |
. Fig- 8.2.1- Babco
- It consists of a drum connected t

by short rising tubes.

3.
M horizontal water dr
eel structure at certain

o a series of fron

EH is the main part of boiler. It is supported by
ht and F&mﬁmbmmsa of brick work.

heig
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as compared to boiler drum on |
T

drum is small
¢v. It contains water and steam.

mounted over the drum for brop
3

4. The size of the boiler .
tube boiler of same capacl

5. All safety and control devices are
functioning.

6. A feedvalveispro
and level of which

7. The water from the
take header and goes in

Que 3.3. _ Explaiu the working of fire tu

with Lancashire boiler with neat sketch.

llIIlIl.J
Answer |

vided to fill the drum and m:_.n:mmm tubes with Watey
is indicated by water level indicator.
hrough the inclined tubes via dom,

drum flows t
] in the form of vapour and wate,

to the shel

be boilers in referene,

ate. The water is pumped into the shell through the |
the temperature of water. .

: .
s fully immersed |

1 Fuelisburnat thegr

economiser which increases

Now the shell is half filled with water. The fire tube i

into the water.

3 The fuel is charged at the grate which produces flue gases. These flue
gases first passes through the fire tube from one end to another. This
fire tubes transfer 80-90 % of total heat to the water.

The steam produces in drum shell it taken out from the upper side

where it flows through super heater if required. So the steam produce |

is taken by out for process work.

:n

Safety vaive Circular shell

Stop valve J._ Low water alarm
Feed v u.. _.N .
a

he[Grae] 11

Blow off _M!r .
cock Y |f Firé bridge  Gusset piaiss —
HH
o=l = ’,r <¢— Bottom flue MM_H\ mu"

| - - -
-
lq-..-I-.—LI.-.
) - - A -

Fig. 3.3.1; Lancashire boiler.

34. |
QueS4. | What are the essentials of a good boiler ? Disting"*"

between fire tube and w oil esof eac
: ater tube boiler. Give two nam
Give a neat labelled sketch of a WQ._uonoo_m. and Wilcox b ._Q.u.
ON °~ .

ARTU 2017.16, Marks U
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A

Essentials of a Good Boiler :

1. It should be easy to install.
2. It should produce maximum amount of steam with given amount of

fuel.

3. It should be light in weight.

4. It should rapidly meet fluctuation of load.

5. Less frictional losses in circulation of water and flue gas.

B. Difference between Fire Tube and Water Tube Boiler :

S.No.| Particulars|  Water Tube Boiler | Fire Tube Boiler

1. |Position of Water circulates inside | The hot gases from the

water and the tubes which are|furnace pass through
hot gases surrounded by hot gases |the tubes which are

from the furnace.

surrounded by water.

2. Modes of fire

Externally fired.

Internally fired.

area.

3. Rate of steam The rate of generation of | The rate of generation
production steam is high. of steam is low.
4. Cost The operating cost is|The operating cost is
high. - | low.
5. Suitability It is preferred for large (It is not suitable for
power plant. large power plant.
6. [Operating High (as 100 bar). Liow (up to 16 bar).
pressure
7. Floor area It requires more floor |Less floor area is

required.

8. | Transportation

It can be transported
easily as its various parts
can be separated.

-

Transportation is
difficult.

9. Examples

Babcock and Wilcox,
Stirling.

Locomotive boilers,
Lancashire.

C. Babcock and Wilcox Boiler : Refer Q. 3.2, Page 3-3A, Unit-3.

__.....P RT-2

Boiler Mounting and Accessories.
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se are different fittings and devj

i _ ings : The . -
Boiler ﬂﬂﬁuﬁ“ﬂm operation and safety of a boiler. Thege mougy i
ces !
MM:M_ M: integral part of the boiler.

ssories : These are the auxiliary plants Tequireg "

Boiler Acce vmﬂmemcb and for the Enﬁmmmm c:r&w i

steam boilers for their proper o

efficiency.

Que 3.5. _ Explain the working of water level indicator, safer
valves, and fusible plug, feed check valve, pressure gauge, s

valve and blow off cock. | AKTU 2018-19, Marks 1
OR
Explain following mountings :
Water level indicator.

a.
b. Pressure gauge.
‘¢. Feed check valve.

d. Blow off cock.
e. Fusible plug.
f. Safety valves.

g Stop valve.

A. Water Level Indicator :

1. The function of water level indicator is to indicate the level of W
the boiler constantly.

ater?

. . 1|
2. General arrangement of water level indicator is shown in Fig: 3.5 |
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> Boiler shel]
. Ball
Steam 4 pams)
space lﬂ © g m
= o
=
ch; 1 1
To <+— (Glass tube
Water enok
level 171-"—===-- NS P -
Metal -
tube
Water |
space !m
5] -
+ <+— Blow off cock
Control
cock

- Fig. 35,1 Water level indicator.

It has two tubes one is front glass tube while other is metal tube, where
the boiler drum situated at considerable height from the floor water
gauges often inclined to make the water level visible from any position.
Two control cocks are provided for regulating steam and water passes
from the boiler to glass tube.

When the water being heated in the boiler transformed into steam the
level of water in the boiler shell goes on reducing.

Safety Valves :
Its function is to prevent the steam pressure from exceeding a limiting

maximum pressure value.

Safety valve should operate automat
and bring pressure down within safe limits.
These are of different types such as dead weight safety valve, lever
safety valve, spring loaded safety valve etc.
Fig. 3.5.2 gives the general description of dead weight safety valve.

It has a large vertical pipe on the top of which a valve seat is fixed. Valve

rests upon this valve seat.

g on the top valve u
laced in weigh

ically by releasing excess steam

A wei o pon which cast iron rings
eight carrier is hun t carrier as dead weight.

enclosed in cast iron cover are p
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7. When the pressure of steam exceeds the Moﬁm qu-mra of valve, it mm_sg
and falls back as steam pressure gets reduced.

Valve seat Jm?m
\

N

o

ey
5"

7 Weights

I

V
V.

LT

Fig. 3.5.2. Dead weight safety valve.

C. Fusible Plug:

1. Fusible plug has gun metal body. Fig. 3.5.3 shows the arrangement
fusible plug. _

2. Function of a fusible plug is to protect the boiler against the damage du
to overheating at low water level.

3. Under normal conditions when the water level in the boiler shell i
normal, the fusible plug is fully submerged under water.

4. In this case, the heat from the fusible plug conducted to water which
keeps the fusible metal at an almost constant temperature below ifs
melting point.

Copper plug

Fig. 3.5.3. Fusible plug.
D. Feed Check Valve :

Mn 1s a non-return valve at the end of delivery pipe from feed ¥3¥
ump.

2. This may be fitted on the side of boilers just below the water level
the top level of the water in boiler.

or¥
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e 2 Hand wheel
- g Spindle

i

o Cover

Stuffing
box

To boiler

Check valve

w&w"\\ 4 I( Valve

seat

From feed pump

Fig. 3.5.4. Feed check valve.

3. The function of feed check valve is to allow the supply of water to the
boiler at high pressure continuously and to prevent the back flow of
water from the pump pressure is less than boiler pressure or when
pump fails.

E. Pressure Gauge:

1. It is mounted at the front top of the boiler drum. Generally Bourdon
tube pressure gauges are being used for pressure measurement.

9. Itisusually constructed to indicate upto double the maximum working
pressure.

3. The dial is graduated to read pressure in bar or MPa gauge.
_ 0
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F. Stop Valve:

1. It regulates the flow of steam from the boiler as shown ip Fig.s _

n » Hand wheel
- )
Nut -
Stud—[ [ = Gland
Spindle
wo%/r
\ -||'.|-_nt. *mﬁmmE outlet
- >
Valve + +
Valve seat

Steam inlet
Fig. 3.5.6.

2. Thisis generally mounted on highest part of boiler shell and performs |
function of regulating the flow of steam from boiler.

3. Stopvalve generally has main body of cast steel, valve, valve seat and i
nut etc. are of brass. _w,.

4. Stop valve can be easily operated by rotating the hand wheel AEMM
nw_smmm lifting or lowering of spindle, thus causing opening or closing 1
valve.

G. Blow Off Cock : 3

1. Its valve fitted on the boiler shell directly or a short branch pipe & ¢
lowest part of water space. ;

m.:wmﬁmm?qw@ae&oa o_mmabmvw&wormuﬁbmémnmumbm mm%%%_
from bottom. -

et |
3. wue.a .om. cock also helps in regulating the salt concentration as freq”
draining helps in throwing out the salt deposited.
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between mountings and accessories.

<4— Guard

mwm:—ﬁ‘llr’:]
LIl

Out -

Answer _
A. Boilers and their Classification : Refer Q. 3.1, Page 3—2A, Unit-3.
B. Difference between Mountings and Accessories :

Vertical slots

*— Yoke

Conical plug
In

ow off cock.

Que 3.6. | What are boilers ? How are they classified ? Differentiate

AKTU 2014-15, Marks 10

RV

indicator, pressure gauge,
safety valve.

S.No.|]  Mountings | Accessories
1, Umﬁomm which are smmm mon Devices which are used to improve
the safety and operation of| the efficiency of boilers are known
boiler are known as| asaccessories.
mountings.

2: These are generally| These are integral part of boiler,
mounted on the surface of| but not mounted on it.
boiler.

3. | Control fluid parameters at| Controlfluid parameters at outside
the inside of the boiler shell.| of boiler shell.

4. | These are essential part of a| These are not essential part of the
boiler, without which boiler | boiler, without which boiler can
operation is impossible. operate though at lower efficiency.

5. |Example : Water level| Example: Superheaters,

economizer, air preheater.

m.> _M._...ru.

b...a:m.ﬁ 8.& am Q&a&a&o .....
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Questions-Answers

Long Answer Type and Medium Answer Type Questiong

Que 3.7. | What do you understand by boiler draught ? Calclllate

condition for maximum discharge. AKTU 2014-15, Marks 10

Answer I
A. Boiler Draught :
: 8

The flow of flue gases in chimney due to difference in pressure betweey
cold atmospheric air outside and hot gases in chimney is known as bojley
draught.

Draught may be created naturally or by using external device.
Condition for Maximum Discharge :

The chimney draught is most effective when the maximum weight of
hot gases is discharged in a given time, and it will be shown that this
occurs when the absolute temperature of the chimney gases bears a
certain relation to the absolute temperature of the outside ajr.

We know that the velocity of gas thro

ugh the chimney, assuming the
losses to be negligible is given by,

C= |2gH, . A871)

m, \T,
and HﬁH[[m +1]?‘-1} (3.7.2)

a

Putting value of H, in eq. (3.7.1), we get,

ma o
Ca ngH[(ma+1J ] 1] (37.3)

The density of the hot gases is given by,

M

P
Py = RT, .(3.7.4)

The mass of gas discharge per second,
m,=ACp,
From eq. (3.7.3), eq. (3.7.4) and eq. (3.7.5), we get

m Tg D
=  —— '""__'1 e
My AJ;H[(ma+1J T, }RTg

+.(3.7.5)
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N
m E (___'!._)_T;__l
( T \\m,+1) T
' H
Where, K = Constant = éf__\fg__
7. The value of m, will be maximum, if
dmg
dT, -
__d__ _&‘j( m" Jg_:l- 0
T, | T, \\m,+ 1T, |~
T
dT, | T, \\m, +1 T |
d (ZTg 1)1;‘2 0
ar,| T, |
Where, z=( My \l
' Lma+1J T,

d
& _ 12 i
dTg [(zTg 1% % Tg ]=0

—(zTg Wy | N z _
==
ng 21;(2’1; |

-2T, -1 +2T, _

AT PCT -1
-2@T,-1 +zT,=0
zT =2

\__3
)T,

'I; 5 (ma +1]
; m

/'——-\

8. Thus, we see that the absolute temperature of the chimney gases wears
a certain ratio to the absolute temperature of the outside air.

) T
% Putting the value of Tg in eq. (3.7.2), we get
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. T
= S 2 — 7| _

(H ) H[(ma”}" (ma ) 1]
=H(2—1)=H

H) =H

Que 3.8, l Obtain the expression for the natural draught i, termg
of height of water column,

Answer ]

1. Assume that the volume of fuel combustion is equal to the volume of ajr
to the same pressure ang temperature.,

m, = Mass of air per kg of fuel,

m, + 1 = Mass of chimney gases,

T, = Absolute temperature of atmosphere, and
T, = Absolute temperature of chimney gases.

% A, Mass of chimney gageg _m+1

Mass of air m,
3. Now, pressure density of air,

5
P _101825x10° g5

pa=———__.

BT, 287%7 =%

a

4. Pressure density of gases,p = _P_|m, +1
R .
_ 353 m, +1
Tg mﬂ
5. We know that net pressure diﬁ'erence,
A =(p, -p) gH
Putting the valye of Pa and p_into eq, (3.8.1), .

- L 1(m +q)
P = 353gH BT JJN/mz (38.2)
Where, H is the height of chimney
6. Assume the draught p
height of burnt gases.

Ap=p gH, = 353[-'3’—;*11]3_gg

7. Equating eq. (3.8.2) and eq. (3.8.3), we get

171 1 1(m +1)
353["”"+ Jﬁgﬁﬁ: 3533"”[?'?( )

ma a & m“

ressure Ap Produced jg €quivalent to —
1
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353 m,+1| . 353 353
— — = m, +1
T, [ m }ng T, cah gH{ m }

_ (m \T "
H. = a g
: H[Lma +1J§‘_“1}

a

g Due to friction losses, actual draught available is always less than that
given by eq. (3.8.2).

9. Ifh, isheightinmm of column of water which will produces the pressure
difference, then,

hw = 353H i__}._(mﬂ'i'].\
T T\ m

a

Que 3.9. | | A boiler may have waste gases leaving the installation

when artificial draught is used at 150 °C. The natural draught
chimney is of 60 m height. The hot gases within chimney are at
temperature of 300 °C and air requirement is 19 kg per kg of fuel
burnt. The atmospheric air is at 17 °C temperature and mean specific
heat of hot gases is 1.0032 kJ/kgK. The calorific value of fuel burnt is
32604 kJ/kg. Determine :

i. The draught produced in mm of water,

ii. The efficiency of chimney, and
iii. The extra heat carried away by flue gases per kg of fuel.

AKTU 2016-17, Marks 10

Answer
973 = 290 K,

Given:7,=T =300 + 273< 573K, T, = 17+ 273 |
= 19 kg/kg of fuel,

T = 150 + 273 = 423 K, H = 60 m, m
C, = 1.0032 kd/kgK

1. We know that,
1 (m + 1) A
h, = 3:53H[—i -

R

1 [19+1Jx—1—}
= 35360 %590 "\ 19 /573

- 34.13 mm of water

m YL
LA Fe |
9.81H{[ +1}T }

4 a

2. Chimney efficiency = C x@T-T")
p
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19 573
Bl £ {(19+ 1) 90 1}
= 10032 x(673-423)x10°
- 3.431x 1073 0or 0.3431 %

3. Extra heat carried by flue gases per kg of fuel burnt

=m+1)C,x (T~ T [+ m=pg
=20 x 1.0032 x (573 — 423)
= 3009.6 kJ/kg of fuel

Que 8.10. | Calculate the mass of the flue gases flowing through

chimney when the drought produced is equals to 1.9 cm of water,
Temperature of the flue gas is 290 °C and the ambient temperature

is 20 °C. The flue gas formed per kg of fuel burnt are 23 kg. Neglect
the losses and take the diameter of the chimney as 1.8 m.

Answer

Given:h =19cm= 19mm,T 290°C 290+273 563K
- T,=20°C=20+273= 293K,(m +1} 23kg,ﬂ 18111
To Find : Mass of the flue gases passmg through clnmney

1. We know that,
h = 353H i__l_[_"i.;r_}
! T, T\ m

19 = 3533[ 1 1 xza) ‘

——— i —

293 563 22

{ m, +1=23 ng
Le,

nom, =22
19 = 353 H(0.00341 -0, 00185) = . 554 *5
or H=3454m
((m, T,
H
2. Usingthe relation, H, = [L 1 TJ ]
Where, H, = Head in terms of gas column,

3.

28 5]
H'3454H23 293 l]‘28'94m0fair

Velocity of gases,
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C= \2gH, = [2x 981 x 28.94 = 23.83 m/s

~ Now, mass of flue gases,

mg=ACpg

}i
Tg
1

3
—4 3
x —5 63 0.655 kg/m

jue 3.11. | Explain the following in brief with suitable sketch :

Economiser.
Air preheater.
Superheater.

Economiser :

. T}{e economiser preheats th
boiler drum by recovering heat
In economiser, water is heated to abo
temperature.

Economiser is located in the boiler rear gas
and following the primary superheater or
ECOPﬂmiser coils are designed for horizontal place
draining of the coil.
The water in the economise
the downward direction. ¢ oy formed during th
Wat o that steam if any formed during the
er flow is from bottom t0 tOF 1> and prevent the lock up steam

heat tr ith water
ansfer can move along with W _
Which wil] cause o rerheating and failure of economiser tube.

e boiler feed water before it enters the

from the flue gases.
ut 30 to 40 °C below saturation

pass ahead of air preheaters
reheater in the gas stream.

ment which fgcilitates

r tubes flows in upward direction and gas in
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. profilesofflue gas and water. . -

b. AirPreheater:

1;

C.

An air preheater is shown in the Fig. 3.11.2. Hot flue gases pass throyg
the tubes and cold air passed over these tubes.

¥ K Flue gases
vvvvv’v’v-‘jz in

Heated air
out
Ir"—‘""w Tubes
kThh , Baffles
i
\'x
I Air in

UL

Flue gases 4471

out :: <4_/

Fig 8.11.2. Air Pxéhe;_a ter
The baffles are provided to improve the duration of time canie o
proper heat transfer between hot gases and cold ajr. ontact for
The flue gases are finally discha::ged !:o chirnn.ey from the ajy richibaton
at lower temperature, allowing simplified design of the ducting and flye

gases stack. .

. ' is to recover the heat fy :
The purpose of the air preheater 1S . om the hojler
flue gases which improve the efficiency of boiler by reducing ¢, useful

heat lost in the flue gases. |

Superheater: |
The function of a superheater 1S to increa
steam above its saturation point.

se the temperatyy., of the
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L

2.

The superheater is very im
portant .
both on fire tube and water tube b(;clﬁ:i:sory of a hoiler and can be uised

The small boilers are not commonly provided with a superheater.

Superheaters are located in the
path of the fur :
recovered by the superheater from the hot gafslzge gases so that heat is

There are two types of superheaters :
i. Convective Superheater : It makes use of heat in flue gases.

ii. Rad_iant Superheater : It is placed in the furnace and wall tubes
receives heat from the burning fuel through radiant process.

Steam Super heater g

Convective
super heater

Mo

ii,

CONCEPT OUTLINE

Heat Balance Sheet : The heat balance sheet is a symmetric
representation of heat released from burning of fuel and heat

distribution on minute, hour or per kg of fuel basis.

———

r— Rl ihp AR R
i Questions-AnsWors .

Long Answer Type and Mediom Answer Type Questions

Que 3.12. | Write short note on the following :

Boiler Efficiency.
Equivalent Evaporation.
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Answer —_I

A Equivalent Eva
. It is defined as the amourt of water evaporated from wage,
' o ted steam at 100 C.

100 °C to dry and satura .
boiler generating Mg kg of steam Per our at a Pressure ,

poration s

9. Consider a
and temperature /
3. Let h = Enthalpy of steam pé
hy = Specific enthalpy of wat ! ten
4 Heat gained by the steam from the poiler per unit time
= ma (h = hfl)
(m,) from the definition is obtained as

r kg under the generating conditiong,
er at a given feed temperature.

5. The equivalent evaporation
m,(h=hg) s (h - hyy)

m= 2257
Boiler Efficiency :

1 Boiler efficiency is the ratio of heat actually utilized m generation of
steam to the heat supplied by the fuel in the same period.

Boiler efficienc kb
er efficiency =
Y="¢cv
Where, m, = Mass of water actually evaporated into steam

per kg of fuel at the working pressure, and
CV = Calorific value of the fuel in kJ/kg.

Que 3{18. What is meant by boiler trial ? What measurement should
be observed during the boiler trial ?

A. Boiler Trial :

1. It refers to . L _ _
estimati!:m, run the boiler under test conditions for its efficiency

2. It shows the steam generation f
r : e
plant and heat balance sheet of pf::t()f boilers, thermal efficien

3. Under the trial the boiler i - ]
steady state. iler is run for quite long period so as t0 attal

Meas
s e b T W
) erve urin t i 4 .
1. The fuel supplied and its analysis g the boiler trial :
Steam generated and its quality of superh
3. Flue gases formed from exhaust analys; o
sis.
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.
Air inlet temperature and gases exhaust temperature

Volumetric analysis of exhaust in ash
Mass of fuel unburnt in ash.

Feed water temperature.

Que 3.14. l Define heat balance on boiler with various heat losses.

Answer I

Heat Balance : Heat balance on boil

NS, S, e

er refers to the accounting for total

- heat released inside boiler and its distribution.

B. Heat Losses in a Boiler Plant :

a. Heat used to Generate Steam : @, = m(h—hp)
b. Heat Lost due to Flue Gases :

Q,=mC, (T, —T,) (due to dry flue gases)
m,= Mass of gases formed per kg of coal,
Cou™ Specific heat of gases,

T, = Temperature of the gases, and
ring the

Where,

T, = Temperature of air ente
combustion chamber of boiler.

c. Heat Carried away by Steam in Flue Gases :

Q3= m, (h,, ~hy,)

= Mass of steam formed per kg of fuel due

Where, mg,
to the combustion of H, in the fuel,
hy = Enthalpy of water at boiler house
temperature, and
h,, = Enthalpy of steam at the gas temperature
and partial pressure of steam vapour.

te Combustion :

Q,= _C%_Qfgb- « 23680 kJ/kg of fuel.
2

d Heat Lost due to Incomple

COxC _ _ Mass of carbon burnt to CO, and

Where, AR
CcoO,+ CcO .
23680 = Heat loss due to incomplete combustion
of 1 kg of carbon
e. Heat Lost due to Unburnt Fuel
x CV
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Where my= Mass of unburnt fuel per kg of fu,
CV = Calorific value of fuel. ang
f. Convection and Radiation Losses :
| Q= Q- @+ Q&+ QU+ Q)
Where, Q=mx CcV

— Heat released per kg of fuel

Que 3.15. I Determine equivalent evaporation/kg of fuel and bolly

efficiency of a boiler having steam generation at 3 Mp,
350 °C at a rate of 4 x 104 kg/hr. Feed water enters economizey .,
108 kg fuel of CV = 3.5 x lo‘lekg

100 °C and during one hour test 5 x
AKTU 2014-15, M@

is consumed.

Given : Rate of steam generated = 4 x 104 kg}hr,p =3 M_Pa =30 bar
Amount of coal burnt = 5000 kg/h, CV = 3.5 x 10 kJ/kg, Feed water
temperature, T=100°C : T
To Find : i. Equivalent evaporation. ii. Boiler efficlency _
1. From steam table,
hy = 418.7kkg at25°C
h = 3117.5kJ/kg at 30 bar and 350 °C
m,(h-h;)
2257
8(3117.5-418.7)
2257

[_, _4x10*

and

2. Equivalent evaporation, m,

m, = 5% 10° = 8 kg of steam/ kg of coal

= 9.56 kg of steam/kg of coal
m,(h-h,)
CcV

- 8(3117.5 - 418.7) =0.6168 = 61.68 %
3.5x10*

3. Boiler efficiency, g ;.. =

Que 3.16. | A boiler generates 7.5 kg of steam per kg of coal burnt at

a pressure of 11 bar, from feed water having a temperature of 70 °C.
The efficiency of boiler is 75 % and factor of evaporation 1.15, specific
heat of steam at constant pressure is 2.3 kJ/kgK. Calculate :
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. pegree of superheat and temperat
| :1 Calorific value of coal in lekl: an:;re of steam generated,

. Equivalent evaporation in kg of steam per kg of coal

AKTU 2015-16, 2018-19; Marks 10

Given: i, = 7.5 kg,p 11 bar, Temperature of foed water = 70 °C
Efﬁc1encyofb01ler 75% F =115 C “23kJ/kgK :

At 11 bar from steam table
h}r = 781.1 kJ/kg,
hfg = 1998.5 kJ/kg,
T, =184.1°C=273 +184.1=457.1K

9. Factor of evaporation, F, = (A, + hy +C,y T ~T)) - by ]
2257
5o [781.1+1998.5 + 2.3(T,,, — 457.1) -1 x 4.18 x (70 - 0)]
2257

_ 2779.6+2.3(T,,, —457.1) - 292.6
- 2257
2487+ 2.3(T,,, - 457.1)
i 2257

(T,,, — 457.1) = (115 x 2257 - 2487)/2.3 = 47.2
T, = 504.3 K =504.3-273
= 231.3°C

3. Degree of superheat = (7, — T,) = 231.3 - 184.1 = 47.2°C.

m, (h—h)
C

 mylthy + by + Cpo Ty = T = By
0.75 = -

4. Boiler efficiency =

0.75 = 7.5[{781.1 +1998.5 + 2.3(504.3 - 457.1) -1 x4.18 x (70 - 0)]
T c

7.5(2888.16 — 292.6) _ 19466.7
- C C

19466.7 _ 95955.6 kd/kg
0.75

Le., Calorific value of coal = 25955.6 kJ/kg
The equivalent evaporation m, is given as,
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m, (h-h,) 7.5(2888.16 - 292.6)
Me= Too57 2257

= 8.625 kg

Que 3.17. l A boiler which was originally designed to use coal 5,

the fuel is converted into oil fired boilf:'r. The details are; Eq“iValen ¢
evaporation from and at 100 °C using coa1.= 8.&? kg/kg of coa,
Equivalent evaporation from and at 100 °C usmg'ml = 14.5 kg/kg of
oil. CV of oil = 42000 kJ/kg. Assuming thermal efficiency of the boiler
to be same before and after conversion, find (i) Calorific valye of
coal, (ii) Thermal efficiency of the boiler, (iii) Mass of oil consumeq

equivalent to 1000 kg of coal burnt. AKTU 2017-18, MarksE

Answer

Given : (m,), =85 kg/kg of coal, (m,), = 14.5 kg/kg of coal,
Specific gravity of oil = 0.8, (CV), = 42000 kJ/kg,
1. The thermal efficiency of boiler can be written as :

_ (m),

For oil, x 2257 «(3.17.1)
° (CV),

For coal, = M) 005y (3172
(CV),

2. Since the thermal efficiency of the boiler s same before and after
conversion, we can equate eq. (3.17.1) and eq. (3.17.2),

(m,), x2257  (m,), x 2257

(CV), (CV),
14.5 x 2257 _ 8.5x2257
42000 —  (CV),

Calorific value of coal, ( CV), = 24620.7 kJ/kg of coal
3. Thermal efficiency of the boiler from eq. (3.17.1),
_ 14.5 x 2257
T 42000
4. Heat supplied in oil = Heat supplied in coal

m(CV), = m (CV),
m, x 42000 = 1000 x 24620.7
Mass of oil consumed m, = 586.207 kg

n =0.7792 or 77.92%
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PART-6

Classification of Condenser, Air Leakage.

m————

&
E:

e

Questions-Answers

Long Answer Type and Medium Answer Type Questions

——

Que 3.18. | What is the function of condenser ? Classify and explain

barometric jet condenser with neat sketch.

AKTU 2015-16, Marks 10

Answer I

A

i - - B

-

w N

= 0 L P =

Function of Condenser :

Condenser is a device which is used to condense vaﬁour into liquid
state at a pressure below atmospheric pressure.

It converts the turbine exhaust steam into pure water.
Classification of Condenser :

Jet Condenser :

Low level jet condenser,

Parallel flow type

Counter flow type

High level jet condenser, and

Ejector jet condenser.

Surface Condenser :

Central flow type,

Down flow type, and
Evaporative flow type.
Barometric Jet Condenser :

[t is also known 88 high leveljet condenser. This barometric jet condenser
ig. 3.18. 1) is similar to low level jet condenser except the

(shown in
column of water in tail pipe.
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Air

«— Air extraction Pump

Cooling / =
water \ \ Baffles

.................................

[ Condenser body

<— Exhaust steap,

More than 10.33 m of
barometric head

Circulating
pump

Cooling pond

2. A long tail pipe more than 10.33 m in length is attached to bottom of
condenser. This allows the condensate and the coolant to be dis
from the condenser under gravity action.

3. The actual steam jet refrigeration system employs a bar ometrt
condenser which is nothing but a direct contact heat exchanger W
counter flow heat transfer.

4. The main condensing part is kept at such a height that the inside p
is equal to the steam pressure corresponding to ambient temperatu"™

ressure

5. As the_ air_and water vapour move up, they come in direct contact wi
the trickling water droplets. This causes condensation of the Vapou;
wthﬂe air moves up until air and vapour is sucked by the first stag
ejector.

6. The discharge from the first ejector enters the intermediate condeu‘c’.if
where the vapour is, further, condensed and the rest amount ° o
water vapour enters the third stage. In this stage almost all vapou &

condensed leaving a negligible amo _ ! 72 hich is
i . unt air W
discharged into atmosphere. int associated with
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que 3.19. | Discuss the Causeg ¢f ..

air leakage and its off
condenser ]

Answer ,

A Causes of Air Leakage .

1. Leakage through packing glangg 4,4 joints

9 Leakage through condenser accessor
b ste. T1€8 such as atmospher;c reliefvalve,

B. Effect of Air Leakage on Condenser:

1. Air leakage causes the reduction

' in work done per kg of steam as it
increases the back pressure. '

2. Due to air pressure, partial Pressure of steam lowers which results in
increased quantity of water required for condensation.

3. Air leakage leads to requirement of more quantity of cooling water.

4. Airleakage reduces the condenser efficiency and auxiliary devices such
asreciprocating pump, rotary pump, steam ejector or air pumps etc.

5. Presence of air increases corrosive action due to presence of large
quantity of oxygen.

PA RT-7

" Condenser Performance Parameters.
-‘-""“---—.______' e i H b e o e

| . Anwer and Medium Answer Type Questiqns

ce parameters.
ser performance p

L

). | Write down the conden

ers are as follows

Condenser performance param 4 as the ratio of the actual vacu

Vacuum Efficiency : It 18 defin®

. uum.
the maximum obtainable vac Actual vacuuld ______

inable vacuum
Vacuum efficiency = 31, ximum obtain®



C
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== Actual vacuum .

meter pressure — Absolute presgy o

- WWH.O : 0 .
Efficiency : It is defined as the ratio of ty, EWE»;
MM outlet and inlet temperatures of cooling Watey Q.gg

een the temperature ooz.mm.uod&bm to the v, to the
d inlet temperature of cooling water. Cayp, ;

b. Condens

petween t
difference betw

the condenser an
Condenser efficiency

Rise in temperature of cooling water B
- ”_q_manm.q&.ﬁm.o.o._.ﬂmw?u&nm _J B ﬁame temperature of
vacuum in condenser cooling water

Que 3.21. _ Condenser vacuum of a surface ooﬂnoﬂmon.mm 70 em of

Hg, barometric reading is 76.5 cm of Hg. Mean condeng,,
temperature = 35 °C, hot well temperature = 28 °C, condengy,
collected = 1800 kg/hr, cooling water inlet temperature = 12°C, cooling
water outlet temperature = 27 °C. Calculate : (i) vacuum efficj

(ii) condenser efficiency. AKTU 20

Answer _

1. Barometric E.mmmE.m_.“ |
Py=pgH = 76.5 x 10-2 x 0.0135951 x 10° x 9.81
= 102026. 46 N/m?2 = 102 kPa
= 1.02 bar
2. Absolute
Pressure of steam in condenser = Saturation pressuré
. °C
e corresponding t0 35
. B anmmE table, p = 5,62 kpg = 0.0562 bar
ndenser vacuym Pressure

) Mo X102 x 0.0135951 x 10 x 9.81
% Absolute Pressure jp = 93357.55 N/m? = 0.93357 bar

Sure —
_ME Condenger vacuum pressure
=1.02- 0.93357 = 0.08643 bar
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o Actual vacuum at steam inlet tq condenser
1.oun  Barometric pressure — Absolute pr

0.93357
= 10200563 = 0-9686=96.86%

essure of steam

gaturation temperature corresponding to absolute pressure in condenser,
. Sa
b -42.8°C

mﬁmmﬁ -

Condenser efficiency,

_ Actual cooling water temperature rise

Meond = Maximum possible temperature rise
e NJR. 0 u.-nn.
- N._wmn - M..E.
= 2712 0 4870=487%
42.8 -12

; istinguish
Q1. What are the essentials of a m.oo&. von—%.ﬂw ﬁwn.w ”Hh“wmom
between fire tube and water tube _uc-mw —hucor and Wilcox
each. Give a neat labelled sketch of a Ba
boiler,

Refer Q. 3.4, Unit-3.

s di valves,
* Explain the working of water level E&aﬁ“ﬂ ..HM&MNQ e
and fusible plug, feed check valve, pressure
and blow off cock.
& Refer Q. 3.5, Unit-3.

. . tiate
3, What are boilers ? How are they classified ? Differen
- H&ﬂa en mountings and accessories.
*. .
i er Q. 3.6, Unit-3. ? Calculate

. w.-.mw-.ﬂ
Ny “°ndition for maximum discharge:
Ref, :
er Q. 3.7, Unit-3.
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CONCEPT OUTLINE |

———

Coefficient of Velocity : It is defined as the ratio of the actual l-xﬁ|
velocity to the exit velocity when flow is isentropic between the same |
pressures.

Coefficient of velocity = —* = \/Mueale

6nvérgent Nozzle :

 The cross-sectional area of this nozzle decreases from inlet to 0utl®
portion.

The purpose of this nozzle is to convert the internal energy of the fluid
into the kinetic form.

Convergent-Divergent Nozzle :

ﬁg£_4'1'1 shows a ;:’lgergem-divergent nozzle. It has a varying Cr;f
section passage which firstly decreases ion and ¢
- Increases up to outlet area. FE s e portio

Convergent part
‘ Divergent part

Entry =

Throat ;
mi“ Bl R i R s
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6. Let, m = Mass of steam

- 'Then, o,

fpl\"
12

ol \n-
3 1
o (it s
A ( n ) o, Slpsiin
_ Al P pu 2] - (421
m ST P LPIJ Lpl

Y

¢ is clear that maximum discharge depends upon the

From eq. (4.2.1)i

critical pfessure ratio P2 =r(let).
P
7. Now, from eq. (4.2.1),
A? § n (2 &l
m2 = 2( ) n = n
o2 a1 plv,ir r
dm _ A”z( n pEhd it gy 2
ar = 7| a- PR _( n )r
8. For maximum discharge, 2
am _,
dr =~
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! n
iii. When ;1— = Critical Pressure ratio, p - [ 2 ]'n“—?
e

= Mass flow through nozzle

choked flow or critjcq) flow. AR

. S-sectional area is called throat.
Velocity at throat of no i designed pressure ratio is the

ratio and maximum discharge rate per unit area then nozzle is said to
be operating under design conditions. If the nozzle does not operate
under design conditions then it is called off design operation of nozzle.

‘ Define the term nozzle efficiency.

It is defined as the ratio of actual enthalpy drop to the isentropic enthalpy
drop between the same pressure.

_iyhy
Nnozzle = A~ the nozzle is C,, and the velocity at exit
If the actual velocity at exit from

When the flow is isentropic is Cy e
C:-C
Npozzle ~ C: "'Cl
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Coefficient of velocity = gz_ o __§§_0__
C, 772927 =088

9.

CONCEPT OUTLINE

Shock Wave : The waves occurring due to abrupt changes in fluid
properties that occur in a very thin section of a converging diverging
nozzle under supersonic flow conditions are known as shock waves.
Normal' Shock Wave : The shock waves that occurin a plane normal
to the direction of flow are known as normal shock waves. The flow
process through the shock wave is highly irreversible.

effect of friction on nozzle.

.b'ﬁrﬂwp-‘

.3!

e

Choked
Effect of Friction on N ozzle : .
pis reduced.

Flow : Refer Q. 4.4, Page 4-6A, Unit-4.

The actual expansion is not isentro pic hence enthalpy dr(.) |
steam is increased due to kinetic energy

ess fraction of ‘ _
:‘fl.let final i?;nconv erted into heat and this heat is absorbed by stea.m.
il . pared to ideal condition so its spem_ﬁc
Thle steam become?td:;:;n ¢ friction improves the quality
volume increases.
of steam. :
Fri :a_ e superheét the steam and decrease the velocity of
riction tends
steam.

as com
s the effect 0

flow through the

ted
Write short note on supersatura
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js short and steam velocity is p;

of nozzle _
t have sufficient time to collect and form gpe.. ¥
does not take_place. Oplet,

d to be metastable and prody,

1. The converging part
steam molecules do no
thus normal condensation

9. This type of rapid expansion is sal
supersaturated state.

aturation the steam is undercog)

Ol

to a temperature 1esS than that corresponding to its pressure wh;
ity of steam and weight of discharge. th

results in increase
f supersaturation in steam nozzles is calleq
a

4. The phenomenon 0 ‘
supersaturated flow or metastable flow in steam nozzle.

In a steam nozzle steam expands from 16 bar to 5 by,

with initial temperature of 300 °C and mass flow of 1 kg/s. Determin
the throat and exit areas consideri 8
i. Expansion to be frictionless,
Friction loss of 10 % through

1. Fromsteam table

At 16 bar and 300 °C:
h,= 3034.8 kJ/kg, $1 = 6.8844 kJ/kg-K
v, = 0.15862 m3/kg

n/(n-1)
9. Pressureat throat of nozzle, py =P e
n+1
4 9 1.3/(13-1)
_ 16[134.1} (wn=13
p,=8.173 bar

3. ‘ '
Enthalpy at throat and exit of nozzle can be looked from steam table 8

hy, = 2891.39 kJ/kg, hg = 2777.0 kJ/kg,

vy = 0.2559 m¥/kg, v =0.3882 m%/kg

4.
Heat drop up to throat section AQ=hy—hy= 3034.8 — 2891.39

5.

= 143.41kJ/kg

Veloci |
Hee ::jryoat :rhroat, C, = \2(h, — hy) x 1000 = 535.56 m/s
p from throat to exit, AQyg =hy —h3 = 2891.39 — 27770

b AQ23 = 114.39 kJ/kg
eloci i
cityatexit, Cg= ﬂhz — hy) x 1000 + C;
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A ct ] 3, actual ‘

1x0.40023

3, actual = “Tgg9 99
5 875 x 104 m? = 5.875 cm?

]

Dry saturated steam at pressure of 6 bar flowg thrg,

converdiver nozzle at rate of 4.5 kg/sec and exit pressure a5 | ¢ b
loss due to friction occurs in divergent section at 12 % ag fl‘ictiar
drop. Determine cross-section of exit and throat area. On

2 \n-1
1. Throat pressure, p,= P1(—)

1.135

6( 2 ](1.135-1) 3 461
~- L \f 13547 s

A p; = 6 bar

2 A.t, pl = 6 bar
hy = h,=2755.5 kJ/kg
3. From Mollier diagram,

100 “~for 1.6, h, =100
Enthalpy drop= — x 9 100
: 1.6 wfor 2.0,h, =77 x2

hy = 125 kJ/kg
4. Specific volume, Vo= 0.5+ (LO -0.5

) x 0.4 m%kg
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= (.62 rn"/kg
5, Velocity of steam at throat,

ly = 44-72\[’1,; m/s

44.72:/126 m/y
= 499,99 m/s ~ 500 m/s
6. Throat area, Ay= MYy _45x0.82 _ 55, 108 m?
| C, 500
7. From Mollier diagram isentropic heat drop from 1-3 is
1
By llgxss 937.5 k/kg
8. So the exit velocity, ‘
Cy= 44.72,kh,
12
.. By
: k 100 0.88

e — T

Exit velocity, C; = 4. 720.88 x 237.5 =646.51 m/s
From Mollier chart speclﬁc volume at exit, v, = 1.0 m”/kg

©

—_— =

muy, _ 46x10 1 _ 696 x 10 m?

e 4= "¢, T 64651

e s

-

B i tential energy of
b . a prime mover in which the po 2y ¢

: A Sht:am 'l‘ur!m:ea::fl:rml; d into kinetic energy, and later on it is
) t steame(;int‘; the mechanical energy of rotation of the turbine shaft.
tranaform
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tage’

b. According to Number of Pressure® S

1. Single stage turbine, and
9. Multistage turbine.
According to the Dire
Axial flow turbine, and
Radial flow turbine.

According t
Single cylinder turbine;

Multi cylinder turbine-
According t0 Metho
Turbine with throttle

ction of FloW ‘

an

Turbine with by-P2
According t© Steam 0
turbine;

Low pressure
turbine, and

Medium pressure
High pressure turbine.

| Explain the pﬁn g of steam impulse

ciple of workin

1. Steam turbine one set of nozzle followed by the moving blades.

9 As steam flows through the nozzle, expansion of the steam take place
and its pressure will fall down.

3. Dueto expansion of steam, velocity of jet of steam coming out from the
nozzle will increase.

blade and get deflected by
velocity and impress 2 torque
due to the impulsive effect of

4 Highvelocity jets of steam impinge upon the
an angle and finally come out with lower
on the blade. Thus, blade of wheel rotates

the jet.

Write short note on reaction turbine.

1. Ina reac i ivi
on turbine, forces driving the rotor are achieved by the reaction

of an accelerating water flow in the runner while the p drops
ressure drop*

2. Inreaction turbines to
rque developed b .
The re . A reactin - P
e pressure of the fluid changes as it passe g to the fluid’s p_oressure-
es. s through the turbine rotor
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Where, h,and h, are the enthalpies at state 0 and 1.
Rate of workdone _ UAC,

IR 2 o5 bt =y =
Nstage ~ Energy supplled to stage h0 4 h’l

Stage efficiency = Blade efficiency % Nozzle efficiency.
. Nozzle Efficiency : |

It is the ratio of kinetic energy available and the enthalpy chang,
occurring across the nozzle.

2 .
G

U R T
Nnozzle = m(ho iy hl) Z(ho 1 hl)
D. Overall Efficiency: |

1. Ttis the ratio of work delivered at turbine shaft to the energy supplied to
the stage.
o Work delivered at shaft
07 Energy supplied to stage
9. Overall efficiency, n, = Nozzle efficiency x Diagram efficiency

x Mechanical efficiency

1A
Lt

: ‘.(j‘.(.)'ﬁsi;der a four stage turbine for t.he-r,ls_‘w

. Rl LR .
¥ Initial conditions arz l'f‘m;gg z‘tg"m‘? 1 am ‘aa shown in Fig. 4.15.1
o FromFig 4.15.1, 1-2 18 aciabatic expangign

: Spisai
ressure line as pou}t 20 "‘_1 n and oint 2
e p1¢: to adiabatic expansion :

nsion we gy,
oints 4 and b5 after adiabatj bt

is located on

: 0 Point 3. Sim;
ptain the heat drop (1-2) 4 (9r _ al,;aiﬁm..ﬁ_;(,m& slmﬂar ly W,e
eat drop and repre; 11 (s "+ 'Polnt 3’ and 4.
4. Ji - HiNE 4_" 5) is termed
A+ (hy — 1)
5. n,

lf_Wt? consider
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'\ Condition line
1
Saturation
2 line
h
P1
P2
P3
Py
}/ﬁ
—

o

Fig. 4.15.1. h-s diagram of four stage turbine.
6. The ratio of cumulative heat drop to adiabatic heat drop is termed as
reheat factor.

Cumulative heat drop _ A,
Adiabatic heat drop S

(b = hy)+ (hy —hy) +(hy —h) + (hyy —h5)

i (h, — hg)

Write a short note on bleeding of steam turbine.

Reheat factor (RF) =

1. Inbleeding process, at certain points, steam is drained out from turbine
and is supplied for heating the feed water.
2. Acertain amount of steam is drained out from the turbine and circulated

around the feed water pipe.
8. Water in feed pipe has temperature lower than the steam. Due to this

difference, steam gives its heat to feed water and gets condensed.
4. By this process, process efficiency is increased but at the same time the
power developed is decreased.
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assify them. Explain the

Define steam turbines and cl

term compounding and its types in brief.

A. Steam Turbine and Its Classification : Refer Q. 4.11, Page 4-13A,

Unit-4. s -
ing : tem where steam instead of expanding in a
B ol umber of stages. This method is

single stage is made to expand in an
known as compounding.

C. Types of Compounding :

a. Velocity Compounding or Curtis Compounding :

1. Invelocity compounding turbine, steam is expanded in nozzles from the

inlet pressure to condenser pressure.

// A W A
A wf A
Steam out
A = A —_—
A e A
Gfanin A = A /
! | 1 [
! | [ |
l//;: :| :: :
I W I I I '.
1 1 1l L 1
i gl 1 1 )
WA e
TR REEREE
Ilgll (R 1
SR e
i T g b=
Inlet steam | | | 11 11 |1 )
4 pressure | , ,{"}\\:: :: i
H e N
gﬁ‘:: 1l Tt = N Lost
'a—,,ll 11 (I (IS W velocity
sl 1! 11 (I (]
L TN S B N Coareser
‘ —E—'{ :I 1 11 ll pressure
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ansion of steam its velocity or kinetic energy is increased.

A portion of this kinetic energy is absorbed by moving blade and the
steam is passed to the fixed blade. S
Function of fixed blade is to redirect the steam without losing its kinetic
energy for the next row of moving blade.

Pressure Compounding or Rateau Compounding : '

The pressure compounding or Rateau compounding turbine consists of
a number of simple impulse stage.
The steam at boiler pressure enters the first set of nozzle an_d expands
partially, this increases the kinetic energy. This kinetic energy is absorbed
by the moving blade. This is the first stage.

ers into the nozzle of second stage and expands partially

team ent :
e rgy is again absorbed

where its velocity increases again and the kinetic ene
by the moving blade. This is second stage.

After stage two, steam enters the nozzle o-f third stage and d.ue to
expansion, pressure decreases and velocity increases and the kinetic

energy thus obtained is absorbed by moving blade. This is third stage.

Stages
e

]

i
)))))D))

))))))
LU\

o
1.

Steam
—

AN N QN

)

))))))))

2R

Blades

Nozzles

Blades
O i o i Ve

Blades
Nozzles
—ﬂ-‘---_--.——--

Nozzles

Los
velocity

(3

/
/
/

/

e e e e e e

/

”

: Exhaust

pressure

- o ] - ——————— ——

Boiler pressure
=
-

E

Initial steam
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c. Pressure Velocity Compounding :
1. In this method, total drop in steam pressure is divided into stage
the velocity obtained in each stage 15 also compounded. S ang
9 The stage consists of fixed nozzles, moving blades, fixed blades, movi
blades in a sequence. o8
3. The pressure of steam drops only in nozzle and remains constant while
travelling over moving blades and fixed blades.
4. The variation of velocity is as follows :
i Velocity of steam increases into nozzle. .
ii. Velocity of steam decreases into moving blades.
i, Velocity of steam remains constant while flowing on fixed blades.
0 ) 2 w O &
@ o) w =] @ g 7] 'qd)
N W o N Ee el S
ST Ells. e e s
T - g
. @ Z <5} = @ > g 5
o OF Bee = A =) = o
Lol sl e St s
A A A A
ol AN A A g AN
AWAT Aw A
Steam A et =) A N e Steam
o’ AN A o A et AN
A A A et A
o, A A Iunu”’ AN A
ERT IR T
A hig 1o :: :L:I il
R i
R R :'l\lI I
' g R Hn A
) ! 1 B gl gy v I
K PNATRT OOy e o M tEpIL
SIS N IR L
al @, 1 o e il LUAE
o B>y ! i s T i 1! .
al 21511 lr_l i L i b Lost velocity
& gl o :: ::‘\II" ! i b
2o T LSRR LS g o g Condensé’
L e
V*' L0 h L a0y Laey 5
.t.;v T ,; Deﬁ A . slo for
J efine the blade efficiency: Derive an expres ;
- cOS o

maxi

4.18..
um blade efficiency for an impulse turbine. (lelade)max i
| | AKTU 2017-18, Marks
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1

4,

Blade Efficiency : Refer Q. 4.14, Page 4-15A, Unit-4.
Expression for Maximum Blade Efficiency :

Blade or diagram efficiency for an impulse turbine is given as,
20.@ v )

bl = C?
Here, c,=C_ +C ]
wiq Wwo
So, Nyp = ZCMZC"' ...(4.18.1)
Cl
From Fig. 4.18.1, ;
| = PQ = MP + MQ
= C,,1 cos 0 + C"r0 cos ¢
c : ( 1 C. cos¢)
= dr o=
it L C, cos®
= C, cos 6 (1 +KZ)
Where, 7§ CO8 ¢ and
cos 0
C. el
K= c : (Blade friction factor)
(B -
Fj O > Cog—>

-}

[
I
I
I
!
!
|
O

FromFl
g.4.18.1,
C,, cos = MP=LP-LM

=C, cos o — Cy;
So, C, = (C,cos a— Ch

Pyt this val 4.18.1),
ue into eq. ( i
C ((' cosa—L, C,,,)(l + KZ)

Ny = (“’

) (1 + KZ)

...(4.18.2)
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5. Letratioofblade velocity to steam velocity is : Ine
ratio. It is given as, p- It is called blade yg),,.
Cbl Ocity
p A
Cl
S O . (4. =
6 rom eq. (4 ,18.2), Ny = 2p (cos a — p) (1 + K7) .
7. Differentiate eq. (4.18.3) wrt p, dny _ 9 ( R
s e kg
8. For maximum value, dny =0
dp
2(cosa—2p) (1+KZ)=0
_ cosa
2 2
9. Put this value in eq. (4.18.3),
‘(T]b,)max _ g, tos¢ [cos 4 _[cos aD 1+ KZ)
2 2
2
- 1+KD) 2
10. For perfectly smooth and symmetrical blade, K = Z =il
Hence, maximum efficiency of blade, (M) max = cos? o,
turbine

| Draw velocity diagram for v_elocity compounded

quation for maximum work done and efficiency.

and find e

1. Consider a velocity compounded unit with the velocity diagrams for the
first and second row of moving blades.
9 Let us consider that the final absolute velocity of steam Jeaving the
~ second rowis axial. :
am kinetic energy of steam a0

3 This arrangement provides minim
" maximum efficiency-
4. Considering first row of moving blades :

i Work done per kg of steam; W, =Cy Cprt Cy)

Here, GriHC o= C,cos 0+ C,ocos ¢

In case of no friction loss and symmetrical plading
Crl = CrO and =0

So, W, = Cy * 2C., cos 0

ji. From ALSP and AMSP
C ,cos 0= C, cos 0. — Cy

So, W, = 2C,, (Cy cos @~ Cy)
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. The absolute velocity of steam leaving the first row should be equal to
the absolute velocity of steam entering into the second row of moving

plades.

So Cy=6Cy ‘ '
g
gl o g N e e i e S A 1 @

|

-——-——_‘____

oving blades :
= C,iCin

5. Considering second row of m
i Work done per kg of steam, W,
ii. Asfor axial discharge, p’ = 90° and C,2=0

From AM'N'L’ and AM'S'P', C,,y = C!, cos ' + Cy cos ¢’

iv. Aswe assume that blades are symmetrical and there is no friction loss.

SO, C:'l = C:-O al'ld o' = ¢’

W, = C,/(C;, cos 0 +C., cos ¢)
= 2C,,C;, cos 0’ = 2C,,(C; cosa’ — Cy)) ...(4.19.1)

NOW a' = B

%o C cos o’ = C cos B
= C 408 ¢ - Cy; = C,q 08 0-C,, {andcrg f d()?”}

= C, cos o —Cyy— Cyy = Cy 08 a—2C,,

Put the value of C| cos o’ in €d. (4.19.1),
W, = 2Cy; (C, cos o — 2C,, —

W, = 2Cy, (C, cos & — 3C,)

Cy)
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6. Total! work done per kg of steam passing through both stages ;
W=W,+W, s
- 4C,,(C, cos a — 2C}) 4ol
7. Blade efficiency = Total work done/ kg of steam E

Kinetic energy of blade/ kg of steam

e 4C,,(C, cosa-2C,)
b (T 2)

8[%’1] [cos ao— 2%]

1

b

N, = 8p (cos & — 2p)

8  For maximum blade efficiency, g_nb‘ =0
p

a%(Spcosa—lﬁpz) =0

8 cos a — 16(2p) = 0
cosa. C, cosa
p= or — =
4 (&) 4

cos 5
Put p = —Z‘i‘ in eq. (4.19.3) for My .y

8 cC‘SOl(cosot—2cos°"]
4 4

Mbl max =

= cos?a

Nyl max
one, put C, cos o = 4C,, in eq. (4.19.2),

9. For maximum work d
W .= 4Cy, (4Cy; — 2C,) = 8C;;

Q \ ~20 In asingle stage simple impulse turbine the steam flows
at rate of 5 kg/s. It has rotor of 1.2 m diameter running at 3000 rpm-
.4, velocity coefficient is 0.9

plade

, blade speed ratiois 0

3 ° less than inlet angle. Determine

Nozzle angle is 18°
outlet angle of blade is

angles and power deveioped.

EPEEE AN - 3000 1T

~ Given: j

~ ToFind: I Blade angles.
A ii. Power developed.
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=
_ 2xmx3000x1.2

; We know that, ij = 60 x 2 = 188.5 m/s

, o= Cu
] C,

188.5
. Cl = W =471.25 m/s

3 Using these parameters the velocity diagram is drawn as shown in
" Fig.420.1.

Seale 1 cm = 50 m/s
From velocity diagram, ¢ = 29°, 6 = 26°, AC, = 495 m/s = Length PQ

5, Power developed = m C,, AC,,
= 5 x 188.5 x 495 = 466537.5 J/s
= 466.54 kW

| An impulse steam turbine of 180 kW has steam flowing

atrate of 165 kg/min and leaving axially. Steam turbine blade speed
5 175 m/s and it leaves nozzle at 400 m/s. For the blade velocity
Coefficient of 0.9. Find nozzle angle, blade angles at inlet and exit,

ial thrust and diagram efficiency.

Lop

7;13 (Cwl .0 Cwn) X CH kw
1000

OWer de\'eloped, P=
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150 278(Cu +Cu) X178
| 1000
(C..+C )= 180 x 1000
| sLET S D5 lIb
ii | ' C,, =0 (Since the discharge is axial)
i C,, = 374m/s
| C

0

e G,

2. From A P@S, = Sw o
PQS, cosa= G .

1
C,= C,cosa

C,i= 400 cos

3. Nozzle angle, o= cos’ (—3—7—4-) = 20.77°
400
Cpn= C,sina= 400 sin (20.77°)
= 141.84 m/s
C;,
4. InAPMS, tan 6 =
' Cw i Cbl
e 184 _ o712
374 -175
0 = tan~1(0.712)
0 = 35.45°
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141.84
C = —
¥ 0.5799 244 59 m/s
C?‘O = KCrl
Cro= 0.9 x244 59 m /s = 290.13 m/s
' G 175
utlet angle, cos ¢= =L = =0.794
Blade 0 C, 22013 0™
¢ = cos™1(0.794) = 37.43°
mgw S0 Cn
C, 175
Cqp = 175 x tan (37.43°) = 133.94 m/s
6. Axial thrust = 5, x (Cp - Cp)
= 2.75 x (141.84 — 133.94)
= 21.725 N

7. Blade or diagram efficiency,

_2C, x(C, +C,) _2x175x 374
Mot = C? T (4007
= 0.8181 or 81.81 %

The following data refer to a single stage impulse

turbine : Isentropic nozzle heat drop =251 kJ/kg ; nozzle efficiency =
% % ; nozzle angle = 20° ; ratio of blade speed to whirl component of
steam speed = 0.5 ; blade velocity coefficient = 0.9 ; the velocity of
Steam entering the nozzle = 20 m/s. Determine :

L The blade angles at inlet and outlet if the steam enters into the
.. blades without shock and leaves the blades in an axial direction.
L Blade efficiency.

Ui. Power developed and axial thrust in an axial direction.

v Iﬂentmplc heat drop = 251 kJ/kg 7
=90 %, o = 20°, C,/C,=05K=,C4/C, -ﬁ?‘g

steam entering the nozzle = 20 m/s i i

ciency is given by :
Useful heat drop
2 Usetul heat GROF
Nnozzle = I[sentropic heat drop

Useful heat drop
_ Useful heat drop
2= 251
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Useful heat drop = 0.9 x 251 = 225 ¢ kd/kg
Applying the energy equation to the nozz
C; - 20°
rEr 225.9 x 1000

le, we get

| C,%= 2 x 225.9 x 1000 + 400 = 452200
C,=6724m/s
With the above data construct the velocity triangles as follows -
Select a suitable scale, say 1 cm = 50 m/s.

Draw a horizontal line through a point L and angle o = 20°

.M
point along LS as ark the

LS=C,=672.4m/s = ble = 13.448 cm

Draw a line through S which is perpendicular to the horizontal line
through L and it cuts at the point P. Measure the distance

|< Cw Cbl= 317.5 m/s
M ~LQ
________ L Ml e S i
PE 0 o = 20° .JB:QD
1
1
Cp Y ' i
Is
: Cﬂ Eﬂ%Aﬁ> » '
| C\ﬁ -&%; N
l )?,
|
1
I
S

JiLP= 127 cm i
C'w1 =C, =12.Tcm

and C,,=05C, =05x12.7= 6.35 cm
Mark the point M as LM = C,, = 6.35 cm.

Join point MS and complete the inlet velocity triangle LMS.
Measure MS (C,,) = 7.7 cm.

Now, C , = K x C,,=09x 7.7 = 6.93 cm

di i int Ltot
Draw a perpendicular line through p01_nt :
an arc of radius 6.93 cm to cut the vertical line through

point N and join MN which completes the outlet triangle '

3 - - . S,
Now find out velocities converting lengths into velocitie
C. = 672.4m/s
C' = 12.7cm=12.7 x 50 = 635 m/s
C:; =05 Cw =0.5x635= 317.5 m/s

cut

: ;i FromM
he line Lﬁnd mark the
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C,1=7.Tem=7.7 x 50 = 385 m/s
C,0=0.9C, =0.9 x 385 = 346.5 m/s
C},1 = 4.45 cm = 4.45 x 50 = 222.5 m/s
Cp=2.6cm=2.6x50=130 m/s

5. By measurement, from velocity triangle blade angles at inlet and outlet
" gare obtained as follows :

0= 350: ¢’ =20
. 2C,C, 2x317.5x635
Blade efficiency, m,,= ——bl7w _

. ca (672.4)°

= 0.890r 89 %

(C, +C.,)C, (635+0)x317.5
Power developed, P= —2 %" "8 _ :

i owe p S D

= 201.61 kW

8. Axial thrust = (C -C ) =(222.56-130) =925 N

In a single stage impulse turbine the enthalpy drop of

200 kJ/kg occurs in the nozzle having efficiency of 96 % and nozzle

angle of 15°. The blade velocity coefficient is 0.96 and ratio of blade

speed to steam velocity is 0.5. The steam mass flow rate is 20 kg/s

and velocity of steam entering is 50 m/s. Determine :

i. The blade angles at inlet and outlet if the steam enters blades
smoothly and leaves axially.

ii. Theblade efficiency.

iii. The power developed in kW.

iv. The axial thrust.

Solve using velocity diagram.

L Actual enthalpy drop in nozzle, | AhN =200 x 0.96 5 192 kd/kg
; Velocity of steam leaving nozzle, C; = \/; Ahy +(C)*
= /2% 192 x 10° +(50)°
= 621.69 m/s
(€ )
= 310.845 m/s aseti()h
: C,, = 0.5 x 621.69 i )
. tt US draw the velocity diagram across blade as shown in Fig. 4.23.1.
t

US use scale as 1 cm = 100 m/s.
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C.1 —b
Mr Cbl —
P s SRe -+ ——————— < Q
I 0 g
* Cn Ch : )B gl
C
: 0
I C,
S N

4. From velocity triangle, |
QS = C, = 621.69 m/s, QM = C,; = 310.845 m/s

Length MS gives C,,, from measurement it is seen to be 3.3 cm.
Hence, C, =300 m/s,so C, = 0.96 x 330
C,=316.8 m/s

5. Also from velocity diagram,
9 = 28.5° ¢=12°,C, , =595 m/s, Co=0

C'f.l = 170 m/s, Cfo =75 m/s

Blade angle at inlet = 28.5°

Blade angle at exit = 12°
2C, (C,, +C) 2X 310.845 x 595

6. Blade efficiency = =
C/ (621.69)°
= 0.9571=95.71%

72 Power developed = 1, (C,; +C,o) Cy =20 X 595 x 310.845

= 3699055.5 J/s
= 3699.05 kJ/s

F. = m,(Cry =Cpo)

8. Axial thrust,
= 20 x (170 — 75)
= 1900 N
In an impulse turbine the steam ijssues from the nozzle
mean blade yelocity

: 1 is 20° and
m/s. Nozzle angle is e e 1000 k p

angular. The mass 1
Determine : (1) Blade angles; (.u) o
fficiency. (v) Stage efficiency if Il(.’:zh

with a velocity of 1200
is 400 m/s. The blades are equi
min and friction factor is 0.8.

thrust, (iii) Power, (iv) Bladee

efficiency is 93 %.
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L. Al required values are calculated by measurement from Fig. 4.24.1.
" Blade angle are equiangular, 6 = ¢ = 32°
C =840 m/s
9 Also C,=KC, =08x 840 = 672 m/s
3. Axial thrust = m(C‘,.1 - sz) = 16.6 (430 — 360)
= 1166.67 N
P mC,C, 1000 x 1280 x 400
4~ Eower, = 71000 1000 x 60
= 8533.34 kW
; 20.C 2 x 1280 x 400
. Blade efficiency, = wZbl —
6 ade efficiency, ny; 012 (1200)°
=0711=71.1%
7. Stage efficiency,N oo = Moz X Mnozzle = 0.711 x 0.93
= 0.661=66.1%
je—— CwM —>

P

In a Parson turbine running at 1500 rpm, the available

enthalpy drop for an expansion is 65 kJ/kg. If the mean diameter of
the rotor is 100 ¢cm, find the number of rows of moving blades.
Assume stage efficiency = 80 %, speed ratio 0.7, and blade outlet

angle = 20°,

= N _mx1x1500 _ g 54 m/s
bl — 60 s - 60

Steam velocity at inlet,
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C, 17854 ;

C - —=—_ =
1 ¢ 0.7 112.2 m/s

3. From velocity triangle,
AC, = Cjcosa+(C,,cosp— C,)

=Clcosa+Clcos(1_

Cbl (',-a=¢aSCr2=C)
1

= 2C, cos o.— Cbl

=2 x 112.2 x cos 20° — 78.54
= 132.33 m/s

D

AC

w

4. Work done per kg of steam,
W= Cy

1000

_ 78.54 x132.33

1000
= 10.39 kJ/kg

(AC,)

5. Stage efficiency, n, = Aﬂh x Number of rows of moving blades

10.39 x N

0.8=

65
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State pomt is a point on /-s diagram (or Mollier diagram) that represents
the condition of steam at that instant.

condition, the steam leaving turbine have higher enthalpy than
the enthalpy of steam at exit under isentropic expansion.

From the diagram shown in Fig. 4.26.1, this situation becomes clear as
rocess 1-2 is the isentropic process and 1-2' is actual process so 2’ has

more enthalpy than enthalpy at point 2.

4 /— State point locus

Saturation line

Inreal

The l?oints 2'. 3", 4', and 5' are the actual condition of steam at exit.
The line joining these points is called condition line or state point locus.

What are the various losses in steam turbines ?

Following are the various losses in steam turbines :

31088 in Nozzles : The expansion is not isentropic in nature. In nozzle it
eviates which causes loss in kinetic energy of steam.

3?88 in Moving Blades : Blade friction causes loss in relative vel(;city
; steam. Loss of energy occurs during passage of steam from one stage
0 other. This loss is also known as carry over loss.

:‘t’;ndage Loss : When moving rotor blades came in contact with inactive
g :m then there is transfer of energy from blade to steam. This loss of
g8y from rotor to fluid is termed as windage loss.

Loss dye to Leakage : Steam leakage may occur across the turbine

shaft . : st A
Work.and between stages. This leads to partial utilization of production

Losgg ; k
i :s In Bearing : The bearings support the high speed rotating shaft
about 19 loss of turbine output occurs in bearing.
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6. Losses at Inlet and Exit : Near the entry and exit valve

becomes low. steam pregg,

7. Radiation Loss : These losses are v

: y ery small T
turbines but in gas turbine these loss ¥ or negligible i, g,

: es are higl
turbine. gh as compared tq Stean

Déscribe briefly the various methods of steam turbine

S

governing.

Vanous methods of steam turbine governing are:

>

Throttle Governing :

1. Throttle governing is most widely used particularly on small turbines
! because its initial cost is less and the mechanism is simple-

3 evel,
9. The objective of throttle governing is to throttle tt_le ste§m3 V;’l h;‘;d o
there is a reduction of load compared to economic O esig
maintaining speed and vice versa.

0il supply from
servomotor

Hand wheel

2\

*
-




e

Appli€

d Thermodynamics

4-35 A (ME-Sem-4)

s

B.

Nozzle Governing :

. The efficiency of:a steam turbine is considerably reduced if throttle
' governing is carried out at low loads. An alternative and more efficient
form of governing is by means of nozzle control.

9. Inthis method of governing, the nozzles are grouped together 3 to 5

or more groups and supply of steam to each group is controlled by
regulating valves.

Nlh CN
7\
N3

W sy

N, Ny, Ny = Groups of nozzles lTl

Vi, V,, V3 = Valves

Steam inlet

S e A

verning.

Under full load conditions the valvés remain fully open.

When the load on the turbine becomes more or less than the design
value, the supply of steam to a group of nozzles may be varied accordingly

'S0 as to restore the original speed.

e

Compare steam turbine with steam engine.

| Steam T | SteamEngine
-\!_'_____ It has high thermal efficiency. | It has low thermal efficiency.
2 : : : -
3\_E@_flﬂheel is required. Flywheel is required.
| © |Much higher speeds and | Much higher speed and greater
greater range of speed is | range of speed is not possible.
Possible, |
: Balancing problem is | Balancing problem arises due to
Minimised due to absence of | presence of reciprocating parts.
TeCiprocati ts.
e ——
No internal lubrication is | Internal lubrication is required.
\ requiI'Ed.
\‘*—-__
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Describe pass out turbines and back pressure turbineg

A. Pass Out Turbine :

1. Pass out turbines are those in which certain quantity of steam ig

| continuously extracted for the purpose of heating and allowing remaining
steam to pass through pressure control valve into the low pressure
section of turbine.

2. Pressure control valve and control gear is required so as to keep the
speeds of turbine and pressure of steam constant irrespective of variations
of power and heating loads.

B. Back Pressure Turbine:

1. Back pressure steam turbine is also called as non-condensing steam
turbine is mostly used in process steam industries or cogeneration plants.

2. The non-condensing steam turbine uses high pressure steam for the
rotation of blades. This steam then leaves the turbine at the atmospheric
pressure or higher pressure.

3. In the back pressure turbine, an effective heat drop will be small
therefore, the turbine output will be also small.

4. As the back pressure turbine consists of fewer turbine stages with
simple structure and small exhaust parts, this results in lower equipment
costs.

5. Itrequires very less or no cooling water. Its efficiency is higher as it does |
not reject heat in the condensation process.

Q. 1. Define the steam nozzle. Also derive the expressions for
velocity of steam and discharge through steam nozzle.
Refer Q. 4.3, Unit-4.

Q.2. What doyou mean by choked flow ? Explain and write eff
of friction on nozzle. 1

Refer Q. 4.7, Unit-4.

Q.3. In a steam nozzle steam expands from 16 bar to 5 bar Wit
. initial temperature of 300 °C and mass flow of 1 kg/s
Determine the throat and exit areas considering
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e | PART-1 || Gty
- Gas Turbine Classiﬁcdtlbn, Brajrtén Cycle e

Questions-Answers v

A. Gas Turbine: _

1. A gas turbine is a rotary engine that extracts energy from a flow of
combustion gas. '

2. Arotary compressor driven by the turbine compresses the air used for
combustion, power being taken either as torque from the turbine or

thrust from the expanding gases.
3. Asimple gas turbine plant consists of an air compressor and combustion

chamber to supply hot gases to gas turbine.
4. After the plant is started with the help of an auxiliary engine, air is
drawn into the compressor where pressure is raised.
5. The compressed air then drawn into combustion chamber.
6. The resulting product of combustion enters the turbine at a higﬁ‘é‘f
temperature where they expand and finally discharged to the
atmosphere through exhaust pipe. jan
Classification : Gas turbine mainly classified into two categories :
1. Constant pressure combustion gas turbine :

i. Open cycle gas turbine.
ii. Closed cycle gas turbine. .
2. Constant volume combustion gas turbine.

in Brayton cycle and obtain expression fdi

" B"ﬂn Cycle :
L Rt is a theoretical cycle for gas
Pressure cycle for a perfect a5

turbines and also known ag constass




Applied Thermodynamics 5-3A
(ME-Sem,
-4)

2. The basic components of a Brayton cycle are shown in Fig. 5.9
-90.2.1,

.Heater

: EWW :

HE-1

C (%Work
HE-2 -

. 4
MWW
Cou

Fig. 5.
cesses and two constant pressure
g fluid is done by

3. There occur two isentropic pro
processes. Compression and expansion of workin
isentropic process while addition and rejection of heat is done at constant

pressure.
Brayton cycle on p-v and T-s diagram is shown in Fig. 5.2.2(a) and

4.
5.2.2(b) respectively.
ph2 3 T 4 3
4
2
1
—
(a) p-v diagram (b) T-s diagram &
Fig. 5.22.
5. Brayton cycle shows following processes :
1-2 : Adiabatic compression.
2.3 ; Constant pressure heat addition.
8-4 : Adiabatic expansion.
4-1 : Constant pressure heat rejection.
Now, Work done / cycle = Heat added/cycle — Heat rejected/ cycle

Heat added in process 2-3 = mC, (Ty-T,)
Heat rejected in process 4-1= mC, (T,—T)
Work done / cycle = mC,, (T3 — T,)-mC,(Ty— T,

B. Efficiency of Brayton Cycle :
Work done / cycle

1 Efﬁciepcy, Nair-standard ~ Feat addition / cycle
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TN
me(T3 ~-T,)
: m._
| T.Iair-st.andard =1 _Ti:‘% .(521)
!‘ 9. From process 1-2, T
L
= (Ez_\ ) £ Pr tio
" == =r = Pressure ra
T‘i p] L pl € J
-1
| T2 7 Tl (rp) Y

Stant Mg 3. Similarly, from process 34,

nu1d is dﬂ H‘; I

done at““DétaZ- | T;=T,(r,)"

4. Putting the values of T, and T, ineq. (5.2.1), we get
Fig. 5.2.90), : L -T
6 'Q(H,Ia]‘ Tlair-standard =1- y—il ; o 1- —-1;-_-;
3
!

Vi iﬂﬂ‘qm b With neat sketches write short note on the working of
A simple constant pressure open cycle gas turbine and closed gas
turbine,

‘1\' Wbi-kin of Constant Pressure Open Cycle_ Gas Turbine :
¢ open cycle, a rotary compressor and a turbine are mounted opn a
J €Ommon shaft.
FU 2 A . r and then compressed air i '
_ecti’ .'T18 drawn into the compresso air 18 drawnp
{ (€] 3 0to the combustion chamber.
9 L

Here energy is supplied by the spraying fuel into the air stream
After that hot gases expand through the turbine and exhaust to the
atmosphere' o
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Fuel (heat)

Combustion
chamber (CC)

B. Working of Constant Pressure Closed Cycle Gas Turbine ;

As shown in Fig. 5.3.2 open cycle and closed cycle are same in a]]
manners except in closed cycle after the exhaust airissend toa cooling
medium so that it can be further used by the compressor.

2

P

Heater F&—

¢ 3

\A

Y

ve work to B
yvork ratio may be defined as the ratio of negative W |

e work in power plant.
turbine plants, air is compress
stion chamber pressure.

' to
ed from turbine pressure
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3. The work is given by — Ivdp . As specific volume of air is very high (even
in close cycle gas turbine plants), the compressor work required is very
high, and therefore a bulky compressor is needed.

4. Insteam power plants, the turbine exhaust is changed to liquid phase in
condenser.

5. The pressure of condensate is raised to boiler pressure by condensate
extraction pump and boiler feed pump in series, since specific volume of
water is very small as compared to that of air, the pump work ( - Ivdp) )
is also very small.

6. Hence for above reasons back work ratio for gas turbine plants is

relatively high compared to those of steam power plants.

Thermal efficiency or specific output of an open cycle gas turbine can
be improved by following three methods :

Intercooling : _

This is required to reduce the compressor work and to incre
work ratio.

The compression of air is to be done in two compressors. Fj
Pressure compressor then in high pressure compressor, ¢
Process is to be done as shown in Fig. 5.5.1.

ase the

rstly in low
Ompressijon
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3. Fig. 5.5.1 shows ideal
- 9.9. and actual processes i
: whi :
cycle gas turbipe. The dotted lines show the actulel1 L e o
one shows the ideal curve. curve and thicker

Intercooler Fuel (Heat)

2nd stage
compression

1t 1st stage
compression

Exhaust -
8

4. From T-s diagram, .
i.  The process with intercoolingis 1-2-3—-4- 5 — 6 (Ideal process) or

1_92'—3—4'—5—6"(Actual process).

The work required to run the compressor wi
For ideal condition, Wer= Cp (T,—Ty) + Cp @,—-Ty)

For actual condition, Wg; =G, (T,— TP +Cp(Ty— )

#i. The process 1-L— 5 — 6 is ideal process without intercooling,

1— L' —5— 6'is actual process without intercooling.
ompressor without intercooling is,

th intercooling is,

whereas

The work required to run thec
For ideal condition,
W.=C, (-1,
= C[,(TL—T2 +Ty,—T)
=C, (T, —Ty) + C, (T,— Ty

iv.

For actual condition,
W.=C, (@1
= Cp @~ T b T,-T)
= Cp (T~ 15+ (T, -T))

5. On comparing both the work done it can be conclud :
input with intercooling is less than the work input without int

As it is clear from the T-s curve that
Vi T,-T; (for actual process)

and, T,-T,> T,-T; (for ideal process)

But the heat supplied increases and this increase in he
to decrement in thermal efficiency-

ed that the work
ercooling:

at supply Jeads
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Gas Turbines and Jet
Propulsion

\_

Gas turbine :
Classification : Gas turbines are classified as -

1. Constant pressure combustion gas turbine

2. Constant volume combustion gas turbine.
Brayton cycle : It is a constant pressure cycle for a perfect gas. It is
also called Joule cycle. The heat transfers are achieved in reversible
constant pressure heat exchangers. An ideal gas turbine plant would

perform the processes that make up a Nrayton cycle.

A

51. What do you mean by term ‘gas turbine’ ? How are gas
turbines classified ? Also give the applications of gas

turbine.

Ans. A gas turbine, also called a combustion turbine, is a rotary engine
that extracts energy from a flow of combustion gas. A rotary
compressor driven by the turbine compresses the air used for
combustion, power being taken either as torque from the turbine

or thrust from the expanding gases.

It is used for the power generation. A simple gas turbine plant
consists of an air compressor and combustion chamber to supply

hot gases to gas turbine.
Fuel theat)

Combustion
chamber (C.C.|

_ ] Compressor _ Lurbine | el 1> Work

Shaft

f Exhaust

4

1 ._ﬁ Airin
Fig. 5.1. Open cycle gas turbine.
185 (ME-4) B
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ulm(mlﬁl._‘m e 1I1IlI|.IIL||.||.|||1I|.lI|.|.lI|I|I.|||]|.|| ..... ..«.:csz_ﬁ. g i .—J-l.._:m and Jet Propulsi
After the plant 18 started with the help of an auxiliary engi W.._wlhﬁl.l. s i W.M.c.:-
is drawn into the compressor where pressure is “,mmwcm_c_ Aip 2. Gas turbine has a wej Ty ] Hrain- B
compressed air then drawn into nc:&:w?oc n_ﬂmﬁ_umw. The reg,, ,_.,__F. engine. a weight reduction of 70 ¢ . i
product of combustion enters the :m_.c:.o. a%4 higher _,.Qut..u. _‘.:::m 1. Gas turbine requires sm; as compared to 1O
where they expand and finally discharged to the o Fatyy, o | W *s small foundation and 1.
through exhaust pipe. ) o Spher, = ‘Gas turbine _R.L,_F:E_:M. vis casyv balancing a-
Classification: Gas turbine mainly divided into twg A The pheno S 10w maintenance cost as ¢
1 Constant pressure combustion gas turbine 8roups 3 _ueauo:.-mﬁmﬁs of detonation does not m_“”,_?.q._; to LC. engine
fa) Open Q&m gas ::._u:..m _ L The g n_..uﬂ...,m ._.cu._ﬁbm over 1.C, a:um:.w_q n a gas turbine
() Closed cycle gas HE&EW . s m:a_ erits of gas turbine are _c_...‘.*, 1
9 Constant volume combustion gas turbine 5 Gos H:_.ww poor part load efficiency. nil foad thermal
Applications: Main applications of a gas turbine are : - :“mr_nlm_m MMm_szwth ”ucnmnmo of need of high heat resi
. el craft. : / 5 ac :lsmo:zqzsm : ;.,... it esistant
2. inlocomotive. N %MM ”.mewﬂomhwmzu an auxiliary motor :.M.ﬂmy_::
3 inmarine cngine. m. L i $mwam mnam_m__..m:o: isslow in nmmsﬂ.c.g: .
4 in automobile engine. 2 el E.Wmou_,..wm of gas turbine it requires reduction np,.. :
5. inpower generation. .. i awﬂg: n between gas turbine and steam a:nm__wn.qw,
’ - ~.W . es are nmavmﬁ in size whereas steam E«E:E.. -
5.2. Give merits and demerits of gas turbine. ulky and expensive steam generators like boiler : d i
Ans. Merits: 5 WHMMMM%MMEQ@%% its size. and nuclear
; ; el ] . srequi - ;
1 MMMM”WS& efficiency of a gas turbine is quite higher than ¢ & M.anm T:.Esm. quire more capital and running cost as compared
9 Ga : . ’ ere is no need of water in i ; : ;
nonw ”p:h%.“”w does not require flywheel. So torque on the shaft jg for generation of steam s&w nmm M“wzﬁmmw_%m%ohﬁwmm are mvmqm:.:w
3. Cheaper fuel is used in gas turbine. 4. Epepeak load and standby power generation gas MMM...W”MM@MH«..
4. Gas turbine can be driven at a very high speed 5 %MM MMMWMW iy used aseompared fosenm engine
. . . ereis a 70 % wei et .
) M_.”M_H.H.m_ efficiency of a gas turbine is low as compared to an I.C, 7 Wa steam mb%ﬂ%mﬁg Eeduetionnoame ol i itk deedmptres
9. Dueto highero ) o . Gas g@mbo requires cleaner and safer fuel whi
speed _.mawaaoz_ummﬂmﬂm speed of the turbine, it is facilitated with the environment but steam engine ﬁo&ﬁm%ﬂﬂ“m ﬁmﬁﬂ:ﬂ“
3. Tt i difficult to start s vas bushi dangerous for environment.
4. With wide operatin RO AR QT AL S : i
difficult, g speed the fuel control is comparatively >.”.P M—mmmamu« the gas turbines.
5. Manufactisi o s. Gas turbines are mainly of two types:
alloy. ring of blade is difficult due to use of nickel-chromium ko [Coustant prenmee qu EH.EMMM ;
(a) Open cycle constant pressure gas turbines
5.3. Compare a gas turb; - _ (b) Closed cycle constant pressure gas turbines
and steam turbine ne with internal combustion engin¢ 2. Constant volume gas turbines : Constant volume gas turbines
Ans. Comparison of ’ [UPTU 2004-05, Marks 10] are made first. But now a days it becomes obsolete because of use
engine : 8as turbine with internal combustion of valves and consequent intermittent operations. Now a days
Merits of gas turbj constant pressure gas turbines are ﬁm&,.
1 Agas turbine has “ ne over I.C. Engine : Open cycle gas turbines aré mostly used inall fields. Closed cycle
2. Gas turbine work mple mechanism as compared to I.C engine: pas bnsliouarpua et g sl e
ite price of fuel oils are rising hence use of closed cycle gas turbine
becomes necessary for HﬂH—H—Em the ﬂ__N.._.-H at low cost.

son hi
1gher speed as compared to I.C. engine.
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Ans. Brayton cycle or Joule cycle : It is theoretical cycle fo

U;v

5.5. Explain Joule or Brayton cycle in detail and proyig, its
i d T-s diagram.
p-Vand T-s diagr OR

Derive the expression for thermal efficiency of a simp]q

gas turbine plant.

I gas
turbines. It is also known as constant pressure cycle for g Perfect

gas. The basic components of a Brayton cycle are shown i
Fig. 5.2(a).

Heater

— .—1-‘-1-_ — “
Cooler
C = Compressor
T = Turbine (@)

] 4

A

—5 Y

(b) (c)

Fig. 5.2 Brayton cycle : (a) Basic components of a
gas turbine power plant (b) p-V diagram (c) T-s diagram.

1

The components are compressor, heat exchanger, turbine and
cooler,

There occur two isentropic processes and two constant pressure
processes. Compression and expansion of working fluid is done by
isentropic process while addition and rejection of heat is done at

constant pressure. In Fig, 5.2, we see the p-Vand Ts curve for the
cycle.

Process 1-2: Air is being compressed isent

ropically by compressor
between the pressure range p, to Py

s Turbine and Jet Propulsion
a

G 189 (ME-4) B
\ll:\.ll‘\‘llllllll||l|’||l||‘|lll|lll|||l|’|ll||||ll[ —

Process 2-3:1tis oos.mwmb._. Pressure heat addition process. In this
process ﬁ@-uvm-.mvﬁm.« ncreases from T,to T, at constant pressure.
Process 3-4: The air is expanded .-w.:.:ﬁoeﬂnm:w from pressure p
top, and ﬁmavmwm.g_.m drops from T,to T - ’
Process 4-1 : It is constant pressure heat rejection process as

temperature reduces from 7 Mo T,
Now, Work done per cycle = Heat added/cycle
. - Heat rejected/cycle
Heat addition in process 2-3 = m ¢ (T,-T,)
Heat rejected in process 4&-1=m ¢ (T,-T)
Work done per cycle = m Q“ (T,-T)-mC (T ,-T)

_  Work done / cycle
M ir-standard Heat addition / cycle
_ 3Qvﬁaa = H.uul souﬁ.ﬁ -T)
:nr..n—n:gwqm = EQLHW T H.m-
i E K1)
MNairstandard u;u = ﬂ.,w
From process 1-2,
i
T, | E 4
T b
P _ r, = pressure ratio
B
-1
T,=T, (r,) "

Similarly, from process 34,

-1
T,=T, )" .
Putting the values of T, and T,in
T,-T,
e, ||||||»||Ibl||||__

equation (i), we get

: 11 11
ﬁn_q.-nsbn—ua ﬂ.&ﬁﬁtu - lﬂ.__.:‘_vu .__
E i)
=1- I|||u.||||m.
VA i le cycle
jon (it) shows m&; the efficiency of the ideal Jou
The equation (i) show oy

1 T
increases with the pressure
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1 - y
e Gas’!
100 ﬁ
75
i (%) 50 F
25T
g 4 8 12 16

L —
Pressure ratio,
Fig. 5.3. Effect of pressure ratio on the efficiency of Brayton cycle

5.6. Discuss with the help of graph, the variation of specific
output with pressure ratio at various maximum cycle
temperatures for a gas turbine plant.

[UPTU 2006-07, Marks 05]
OR

Prove that the pressure ratio for maximum work is given by
(1,505

»=\7)

Ans. Work done per cycle = Heat added/cycle — Heat rejected/cycle
mC (T =T} a.:u.u (T,-T)
mC (T,-T,) - mC (T,-T)

w T B )
= mC, 1- A -T122-1
G B il Y
Here we refer T as the minimum temperature and T, as the
maximum ﬁmEvmqmﬁE.m for the cycle. As we know that
y-1

s e e
=(r) im:_

1}

Let us consider et
y
(
Work done per cycle, W= mC,| T, PH -~ ?H%W -7 Awm - Hv
P

For maximum work done differentiate the a
pressure ratio Ty

-@M = SQ H..
&J.

bove equation w.r.t

A_ﬂ vu; |~N.. NT.. vur_.

purbine r:,_z __, t Propulsion
L _.’F &

Sl e 191 507 LB
o ~....:. maximum work done, -
dW _ o
dr,
_
T .|.|--q;~¢ﬁ. _
Eh:_ﬂ_ T, r, Y =0
1ﬁ...u w Ty
(r,)
T
y2e = 23
(r, T
1
r = ﬁﬁ/.u~
+" W)
_r_
_xm/.p: n
r= .HL

Thus, the pressure ratio for maximum work is given by the ﬂgfﬂ
nmmm_on The variation of specific output with ﬁ«mmmﬁum ratio a
Mﬂmpocm EP..SE:B cycle temperatures is shown in Fig. 5

n nn.:....ﬁ_ n _—....:._u—30| 0. mo

«= 1095 °C
28 t,=165°C k!
5 980
H 870
20
& 760
= 16
=
k)
S
£ 12 650
=
£ 8
U
i~
>
4
540

1 ! 1 g 9 10
5 5 1
1 2 3 »?mmmﬁm Fitlpe——

inlet temperature:

i bine
Fig. 5.4. Effect of pressuré ratio and turbl

& i mo .HA-
. Define the term ‘work ratio ' of net work output to the wor

?um. Work ratio is defined as the rati
done by the turbine.

-
A
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. W W
Work ratio = W,
whare W= work done by turbine = mC (T, - T,), ang
' W,= work done by compressor = _SQEA ) (T
ik

mC (Ty -T,)-mC (T, -T))
mC (T, -T,)
e T, - 7,
. N7,
Putting the values of T, and T', as,
21

T,= T,(r)" andT =T,

Work ratio =

1
=

(r,) a3

=1

()" -1
Work ratio = HJ%. e
3 1-(r) "

T Lt
= |m5u

5.8. A power plant operating on Joule cycle has a pressure
ratio of 6 to 1. The maximum and minimum temperatures
are 1000 °C and 20 °C respectively. Calculate (a) the air
standard efficiency (b) the specific output. Given y = 1.4
and ¢, = 1.005 kJ/kg-K.

Ans. Given: Pressure ratio,

Py 6

by 1Tk
Maximum temperature, T,=1000+273=1273 K
Minimum temperature, T =20+273=293K
(a) The air standard efficiency,

1
= by
)t
= H H
= |ava.?:=.. =0.40
n=40%
(b) Specific oﬁ_u:wﬂv. (1,~T,)- e, Gq..u -T)
= Work done by turbine - Work done by compressor
LT, 5
We have, wﬂn = Mu.n (r,)

= Turbine and Jet Propulsion
1

gl — 193 (ME-4) B
1273 - ..34h 14
T, = 293~ (6) 14
— T, = 762.96 =763 K
And, T, = 488.87~489K
So, specific output

= 1.005 (1273 - 763) - (489 - 293))

= 315.57 kd/kg

59. Show that for maximum work output from a gas turbine
working on Brayton cycle T, should be equal to T

Anse Consider the expression of pressure ratio for maximum work
output given as

A

. .l
173 4" 72

) -

= ol
and r, f T, b ;
Put the value of r_ in equation (i), we get

o S
2y-1)

Y

ﬂm._u,iT:

(
\r,) “\
(

]
_—
5
M

1
= (T,. Ty L
Put the value of T,. T, from equation (i),
T, = (T,. T)®
q.u = q‘ - .
M.munm. for Bmﬁ._uﬁuw work output from a gas turbine working on
Brayton cycle T, should be equalto T,

L
T,
T

bustion
5.10. With neat sketch explain the constant volume combus
turbine.

e tant volume
Asg Constant volume combustion turbine : Inacons
8.

‘ the
g pressor ‘C’ from
i ine the air is sucked by COMPTER® . ©. o 3 into
noﬁdﬁwwﬂﬁw Hﬁo—. the compression Pt cnmmmmr —WMNM the air
Mwamww;vﬁaoﬂ chamber D using the valve ¥y,
e

ing a fuel

et ber, it was filled by fuel using 2
enters into noBvﬁmﬁoﬁmu 5 ummn_m&_ air and fuel is burnt by :Mm of
pump P. This mixture o Lo done at constant pressure

. 1
a spark plug S. The combustion of fuel1s

cam—
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i tered into th )
es after the burning o% fuel are ent &
w,ﬂ%mﬁmmwﬂm V,. These gases drive the turbine to produce ﬁmmﬁm
work and then get exhaust to the atmosphere. This procesg g,

repeatedly.

Applied .Hrmaaon_wdmuma

A
C Work
4 Airin Exhaust (to
(From atmosphere) atmosphere)

Fig. 5.5. Constant volume combustion gas turbine.

5.11. With neat sketches explain the working of a simple
constant pressure open cycle gas turbine and closed gas

turbine.
Ans, Constant pressure open cycle gas turbine :
Fuel (heat)
-||__|_

Combustion

T A T - - - - i”TV Work

1 Ar Air in 4

P

I Exhaust

Fig. 5.6. Open cycle gas turbine.

In open cycle, a rotary compressor and a turbine are mounted on
a common shaft. Air is drawn into the compressor and then
compressed air is drawn into the combustion chamber. Here

is supplied by the spraying fuel into the air stream m‘&mw ﬁﬁnwwmuh
gases expand through the turbine and exhaust to swm - at ho
Constant pressure closed gas turbine .

cycle ; .
Fig. 5.7 open cycle and closed cycle are same in al] BHMHMWQEB :M
, excep

Gas Turbine and Jet Propulsion
I.I.l.l.l.l.l.l.l.l.lllllllllll||||||l||||||‘l|||||||l|l|l|-|
in closed cycle after the exhaysy Air is se . o
can be further used by the aaaﬂqmu““oﬂnsa s
9 .

195 ME-4) B

Cooling

medium )
Fig. 5.7. Closed cycle gas turbine.

Concerr Ourune 2 .

ZmnronmOmm5u3<m50=aomsumgw—mmmﬁonouom.ovounwa_m ,,.
gas turbine plant : Following methods are used to increase the |
specific output and thermal efficiency amﬁmﬂmﬂx . J
(i) Intercooling (ii) Reheating (iii) Regeneration. ,
L. _ Work done on shaft/stage "

Stage efficiency : Muwe = 3 qiahatic heat drop/stage /

ﬁmlﬁ L

T, -T,
512. What are the various methods for mE.E.o.waﬂmﬁn of thermal
efficiency of an open cycle gas turbine ?
OR
i le gas
Draw schematic and T-s diagrams of an open cycle &

; ; rfect
turbine plant which has woaa%mﬂﬂﬂummhwﬂoﬂmsr
intercooling, reheating and Emoamid 2007-08, Marks 10}

Polytropic efficiency: 1, =

OR : ing the
i thods of improving
in in brief the various ¢ imple Brayton
MMWMNM@M-QW a gas turbine working on a simpie
_

cycle with the help of neat mw%oﬂmﬂad 2008-09, Marks 101

OR

R——
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Ans. Thermal efficiency or specific output of an o

go&sgy.a

Explain in brief the different Em?

improving the efficiency of open cycle gas HE&FMME T
[UPTU 2002-03, .,
OR r.aam_

Show the influence of reheating and re
performance of gas turbine cycle.
[UPTU 200!

9-10, Marj, 05

Beneratig,, =
n

OR
Discuss the effect of intercooling and regeneration gy
performance of Brayton Cycle. [UPTU 2010-11, gmuruuro

OR 03)
How regeneration in gas turbine increases thermy
efficiency of the plant ? al

OR
Discuss the effect of reheating, regeneration and
intercooling on the performance of gas turbine with neat
schematic and T-s chart. [UPTU 2012-13, Marks 10]

: ] pen cycle gas turbi
can be improved by following three methods : : e

() Intercooling : This is required to reduce the compressor work

and to increase the work ratio. The compression of air is to be
m_oum In two compressors, Firstly in low pressure compressor then
in _u.nm_u pressure compressor, compression process is to be done

An intercooler is used in between the two COmpressors. .

Intercooler Fuel (Heat)

&

LY Wy |

Exhaust
Fig. 5.8. Turbine plant with intercooler
Fig. 5.9 shows ideal and acty

cycle gas turbine. The dotted lin
thicker one shows the ideal curve

al processes which
es show the

occur in an open
actual curve and

G

as Turbine and Jet Propulsion

(i) Reheating:Itisdo

197 (ME4) B

T4

Fig. 5.9. T-s diagram for the unit.

From T-s diagram,
The process with intercooling is 1 —2—3 -4 — 56 (Ideal process)
or 1—2' —3—4'—5-6'(Actual process). s
The work required to run the compressor with intercooling is
For ideal condition, W, =C (T,-T)+ C,(T,-T)
For actual condition, W, = C_(T,-T) +C (T} la.b. .
The process 1 -L-5-61is ideal process s...?..u_ﬁ.. Eﬁnmoaﬁm,
whereas 1 — L' — 5 6’ is actual process without Eﬁmugornm.. )
The work required to run the compressor without intercooling is
For ideal condition, W.=C, (T} - T)
=C, (T,-T,+T,-T)
=C, (T, - T)+C,(T,- T)
For actual condition, W,=C,(T/-T)
= Ow Aﬂ‘a__ - Q.u.._ + _H.u_ - H._,u
=C, (T, -T;)+C, (T, -T) o
i t the
k done it can be Saor.amn tha
o) less than the work input without
: . that
i ing. As it is clear from the T-s curve
Eeodooo.—a..-m i nau. - ﬂ_.-‘ ] n.» (for actual u—.onmwmu
- i rocess
and, Tp-Ty> T T, (for _nmww me oete) e inbeat sopply
But the heat mﬁﬁv___wm incre ww_awmw_p%nnm. .
Bead to sy _ﬂwro”ﬁ“wuoﬁ the output from turbine. This

bines a high pres
process uses two tur i a reheater p

pressure turbine. Ther
two turbines.

resent in between these

L T
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OA.S”__ mgﬁ.
C.Cy T

| s |

Reheater

aw
Exhaust

Fig. 5.10. Gas turbine with reheater.

Here high pressure turbine is used to drive the com

Pressor anq
the low pressure turbine provides useful work output.
Actual process is shown by 1 -2’ — 3 _ 4/ 5 -6’ (with reheating)
Ideal process is shownby 1-2-3_4_5_ 6 (with reheating)

Actual process without reheating is shown b
ideal process without reheating is shown
The work output with reheating
= r.~T))
The work output without reheating
=C,(T/~T)

WHIM_Ith‘B.Enuo
byl-2-3-4_p,

L

|Il|l|||l|l|'

. : L
Fig. 5.11. T¢ diagram for reheater,

w.ulw..,._.vﬂ_lu....

Turbine and Jet Propulsion
Gas

199 (ME-4) B

(@i Regeneration : Thisis g Process that

compressed air with use of 5 heat exch
Exhaust Heat exchanger

/

anger.

14 Airin

Fig. 5.12. Gas turbine with regenerator.

i - the heat flow into the
T-s diagram, process 2-3 represents
Mﬂﬁvnmmmmm air through heat exchanger and 3-4 shows the heat
supplied for combustion of fuel.

vt

—
Ll

E]
Fig. 5.13. T-s diagram for the unit.

3 1 .—UU«.
t exchanger 1s given ;
e ase in enthalpy perkgof air __
tre enthalpy per kg of air

The effectiveness of

e R

o
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i tio ...o..&naﬁ?u./.

.13. Obtain optimum pressure ra Mininy
5.13. compressor work requirement in two stage Per ?““
intercooled compression. [UPTU 2008-10, 1 r.wam_
AE Perfect intercooling occurs when .:E temperature at Bilet .
subsequent stages of compression is reduced to ambiey

rature.
bempe Saving of work input
LT %
p; |4 Adiabatic process
=

5 Polytropic process, pV'= ¢

Pa 5
Isothermal process
- 3 q
P 1
1 7 .

V——o
Fig. 5.14. Multistage compression with intercooling.

Intercooling between two stages causes temperature drop from 2
to2'i.e., discharge from first stage (at 2) is cooled up to the/ambient
temperature state (at 2') which lies on isothermal conipression
process 1-2'-3". Intercooling offers reduced work requirement by
the amount shown by area 22'3'3 on p-Vdiagram.
Assumptions : Following assumptions are made for analysis of
multistage (or two stage) compressor :

1. Suction and delivery pressure should be constant. Compression
follows same index of compression in every stage.

2. Intercooling should be perfect between compression stages.

3. Mass of air in low pressure stage and high pressure stage should
be same. %

4. Air behaves as perfect gas during compression, |
From p-V diagram, the compressor work requirement can be given

as:
Work requirement in LP cylinder,
(-1
n n
o (o 2
Work requirement in HP cylinder,

Wy = ﬁwuﬁ_c_rﬁww_.,@

Gas Turbine and Jet Propulsion

201 (ME-4) B

For perfect intercooling,
ﬁpﬂ_- = Unﬁuq

W "TL .
HP n-1 Dy

5]

Total work requirement for intercooling,

sﬂﬂﬂ E.—aﬂ&-sxi
in=13 n-1 1
- AR A
- Pc_*hk; -1 +$e»¢mu L:
(B ()5
o LB Bt o Im)
We= 1P % gl m_
swxzm__u

Power required = 75%60 . |
The compressor work can be optimized with respect to
intermediate pressure p,. Differentiate W, with respect to p,

(intermediate pressure).

(n=1) n-1) ‘_
(p,Y " (p)\n
sl 7

dp, dp,

&_ KNPJ:”S ﬂNm-J.“._“ZIN
a2 (8

=|H..|_.u=|u W.L _h._uh
Lt = hkg Py, *I.l.tﬂ Sy T o | Abu.tu
dp, n-1 n

For minimum value of compressor work,

aw. _,
dp,
-1 nl 1

a2
p".p" = (p)" P

(-2+42n) (n-1)  (a-D

o - ﬁm _z__ i 3 _a
pi= PP,
n_P |
. i t pregsure ratio
f BE.M.E_ Wvaqoumo_. work requirement P
Thus, for i
in each stage is equal.

Py
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i tor on the
. Discuss the effect of regenera Perform,
5.14 - c.wnmumm cycle. When regenerator become

Aneq

S Superq - Ofy
_ [UPTU2¢; H.E,ﬁ”waa 5
Ans. For the maximization of specific work output the ks 1

exhaust temperature should be equal t
temperature. The turbine exhaust temp
above the ambient temperature. Thuys,

tapping the heat energy getting lost to s

gases. Here it is devised to use this Potentia]
exchanger called regenerator, which shal] p
compressor before entering the combustio

0 compr mmmﬂwmmﬂmﬁzam
erature js Dormgyy, ‘3

their exist Potey, sMgGr
urroundingg with exhy for
E\ Meang ofa _._Mm”
reheat the air oy, at
N chambey "¢

t
reducing the amount of fuel to be burnt inside Combustiop, rmz.._é

(combustor),
Regenerative air standard gas turbine

has a regenerator (counter flow heat exc

the hot turbine exhayst gas and com
from compressor flow in opposite direct;

turbine exhaust gas gets cooled
is heated from 9 to 2',
100 % the temperature rig

e from 2 to o
shown on 7.5 diagram,

. 5§ —>p
Fig. 5.15. Regenerator air g

Paratively ool

vEHwS_
cycle shown i Fig 515
hanger) s:.ocmw sEn_H.

€er air nOnE.:m

ons. Under idea] conditjq,
ure drop occurs in either fluid o

from 4 to 4 while ¢
Assuming regene

stream while
Ompressed gy,
rator mﬁonamqmﬁmmm as
and drop from 4 to4'jg

tandard gag turbing Cycle

* e .

rfurbine 2nd Jet Propulsion
Gas

203 (ME-4) B
\l11\II|I||.II|II||III|II|I||’||I|I|IIIII|I||||!]l|

Regenerator effectiveness, ¢ = /o'~ 1y swhere *h’ refers to specific
hy—h,

values.
MM_...»”M_ mwmasonwuwuﬂwnm:u_ the amount of heat now added shall be
O2,.___,._. regen _3_9@ = ..._‘mJ
whereas without regenerator the heat added, Q,,, = m( h,—h,)
Here it is obvious _p.rmr Quid, regen < Q, da e
This shows an obvious improvement, n cycle thermal efficien ﬁ.
Net work produced per unit mass flow is not altered by the use o

NWMH“MMM&“M cycle thermal efficiency,
_ (hy—h)-(h,—h)
.—.—_dwm_- - ( m_d _ m—w_d
_ ¢ (T,-T)-¢,(T,-T)
Mregen = = (T, -

i i hes to Carnot
i turbine cycle efficiency approac s to (
o s in this limiting situation the
i t r = 1 which is because in 1i 1atic

s mmmoaﬂ.m@ﬂwahﬂoamuﬁ of total heat ma&sc_w and q@%mﬁﬂ.ﬁ Mﬂm
Oﬁmﬂnmﬁuuow i d minimum cycle temperature is satisfied. AE.SSou .

ffici ncnwusm_%r cycle pressure ratio for regenerative cycle is shown in
efficie ]
Fig. 5.16, for fixed ¢’ values.

h
“__coA
80 o
= sof o
.m 2 \\\\
40 -
& L
t /
20t
.__.__ L 1 1 .-W'Wr
___- 1 1 L _m 10 12 14 1
0 2 4 6 1 el

Pressure n.b.nmo.

ratio for
; iency vs. pressure
Fig. 5.16. mmmm___mw» M_?o gas turbine cycle.
rege

tio
g ssurera

ier di sion
#-121) Tn earlier discus .
AN of the specific
i tio becomes equal tio value
till pressure ra

. rera = —Pﬂﬂugﬂ
wn that at this pressu ific work o
it hanbeen m_uﬁ_.u Emﬁmmﬁmuwnsﬂ. Same spec
work output beco

g —
e
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204 (ME-4) B
SHEE

5.16.

(17]

o
variation is true for this case too. For ?1&5
pressure ratio the heat exchanger shall cool the gjy Hm”om. of
compressor and lower the cycle efficiency than simple _"qsm
efficiency. Vel
This is because of which the constant ‘¢’ lines are not extey,
beyond the point where they meet efficiency curve for si deq
cycle. Tple
Thus, it can be concluded that for getting improvement in eff,;
by incorporating regenerator the pressure ratio appreci m%w
less than the optimum one for maximum specific work o:gcﬂ
should be used. Also maximum turbine inlet temperature shoulq
be used.
For ideal heat exchange in regenerator with 100 % effectivenegg
Upon substitution it yields T,' = T, '

_(0,-T)-@,-T)

Mo 1- BT
{,-T)

From thermodynamic processes,

L.n_ (&)
T, T T,
or Eﬂm
LL*D
i oy T T
InlLllrlu
o Tem ATT

The use of regenerator is only recommended when the exit
temperature of the turbine gases is much above the ambient
temperature. But if the temperature is below the ambient
temperature then the use of regenerator is unnecessary, L.e.

regenerator is become superfluous, T

Name the operating variables which aff

A ect
efficiency of open cycle gas turbine, e
There are some variables which affect .
open cycle gas turbine. ¥ Hermal efficiency of
Pressure ratio (r ) : For other variabl, i
pressure ratio increases thermal maaoboqﬂumovﬂuaow%onmﬂnzn o=
15.: _ewm to an optimum pressure ratio at which the :B”wo E.n_ this
is maximum. Before and after this pressure rat;jo thermal efficiency
decreases. efficiency

- Turbin

e
28 4

t Propulsi
eandJe pulsion Sk s

||r|||||.|.|.||.|||.||||||-l|
. J)...._." q._:.-_.__xﬂ Omo
t,=155+C

t. = 1095 °C
980

[e]
e
T

870

(2]
L=
T

Thermal efficiency (%) —»
et —
oo oo (=]

L
Ll

L 1 1 1 1 1 1 L

1 2 3 4 5 6 7 8 9 10
Pressure ratio —

Fig. 5.17. Effect of pressure ratio and turbine inlet temperature.

@) Turbine inlet temperature (T : Up .3 a certain Ew:_ Mﬁmﬁh
in turbine inlet temperature S.J..u will increase the : mnﬂ.m_
efficiency of the open cycle gas turbine. But this temperature
depend upon the blade material of a turbine.

T (Temp.)
4 Limiting turbine inlet temperature

gv
N‘
2
1
\\.\lv s (Entropy!
Fig. 615 :ables being
Qaﬂmﬂwﬂﬂﬂﬁ Aﬂ._—u “m. ﬁ—o“”““—””ﬁnﬁm .p_uu.m

(iii) Compressor inlett b
nodmwwa if we decreasé the Sﬂ.w s
will mnﬁu.oé the thermal efficte
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rbine and Jet Propulsion

HBQ&B
), Tu
al A / Gas 207 MEA)
1 16. What do you understanq .
F i ﬂa.,. Stage efficiency by the following terms -

) Polytropic efficiency,

]
e
[l
T

OR
Define polytropic efficiency and its i
using its mathematical mﬂaﬂnommm”uuu.m.:nap:am forturbing
Qi . [UPTU 2009.1
Ans. (@) Stage efficiency : It is defined as the ratio 2.:. HNE.Wm 05]
done and energy supplied to the stage. It can also be QMWEM m”_ Mww
ratio of output of stage to the available energy for the stage :

.—._8_.._.__—u. = w._nﬁ.._.-gmbn = o.m

Thermal efficiency (%) —
[
(=r1

! tq = 815.5 °C
4 4+ttt _ Work done on shaft / stage
s %«mmmcaw _.mmmc qllv.m ol e Adiabatic heat drop / stage
Fig. 5.19 It takes into account the mawo%dmﬁmn losses in fixed and moving
W) R ki blade rows of the stage. It is defined for turbines and one stage
iv Iciencies of turbine and compressor : There shoulq p, consists of a pair of nozzle or fixed blades and moving blades
r i o ik e : ‘i ; ——
Compressor o tha an sy prae 1211 7 turbine g i fo b S i e d b
This results in increased Emgaﬂmﬂmﬁwﬁmns e achisvay, is more difficult to analyze than a mwmm_mﬂ cw.%w M&MMOMM.MMMWMW
__ﬁ adiabatic assumptions. This difficulty arises from the fact that
48 4+ heat flows in and out of the system and this added energy changes
100..- some of the basic properties of the gas like the ratio of specific
44 1 t;=15.5°C . 9@@.@&.. - heats i.e., C, mn._m C,. So, for a polytropic process, each new
ty=815.5°C »@@4. - i calculation requires a new value of C, or C,.
£ P2

ive way of approaching isentropic
supposed to

Polytropic efficiency is an alternat
e in a small

ion process is
, the SBwawm.Sop P s
each raising the pres

1-2 and a real
wn by the T-s

40
h
36 : )
32 4 ﬂ
m 28 .
& 24
K
L=
s 20
~ 16
m Fig. 5.21.
@
L
=

efficiency. In this method
be made up of many stages,
SIOUNE. ic noavammmoﬁ

Let us consider an ideal isentrop -
_9' gccurs in a compressor.

ies fromp, to Py .
s r mmmue_dwma efficiency or small stax

compression 1
curve. The pressure
The polytropic efficiency ©

efficiency is
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5.17.

Ans.

5.18.

Ans.

——
« -h

W T,
Relevance of polytropic @mmm..ummﬂo.% : It may be applieq ¢
expansions as well as compressions. It may also be applieq ¢
expansions in nozzles.
meﬂmma work, it is more usual to use the reheat factor which is
based on the same principle.

Define stage efficiency for compressor stage. Also discugg
its effect on overall performance of compressor.

[UPTU 2009-10, Marks 05]
Stage efficiency : Refer Q. 5.16 (a).
Effect of stage efficiency on overall performance of
compressor : When compression process is completed in more
than one stage, efficiency comes into existence. In case of
multistage compression, the compression in first stage occurs at
low temperature and subsequent compression in following stages
occurs at higher temperature. Higher the average temperature
during compression results into larger work requirement
compared to low temperature, so there would be low average
temperature during compression.
To reduce compression work, the inlet air temperature to
compressor can be reduced. In multistage compression some part
of compressed air, leaving the first stage is cooled up to ambient
air temperature in intercooler and then sent to subsequent cylinder
for compression. The intercooler between the stages reduces the
compression work,

A compressor draws in air at 223.3 K temperature and
0.265 bar pressure. The compression ratio is 6. The
polytropic efficiency is 0.86. Determine the temperature
after compression. Take yforairis1.4,

Given: T, = 2233K, p,=0.265 bar,r =6,n =0.86

For polytropic process R P

.ﬁ
o]

Fig. 5.22.

Gas Turbine and Jet Propulsion

1I.‘nt|.linlil|n|l|l|||‘|||||||'lnlll‘rrllll‘|’llr.l|fjlrrl|li| z

Tb_r.ﬂ._ o
)

2233 ()1 4085,
405K

I
T,
qun.
T

5.19. A compressor draws in air a¢ 15

*C and 0.3 bar. ir i
compressed to 1.6 bar with g Polytropic e Bnﬂ.a”M_M,q ww_.

Determine the temperature and the isentrop; i
pic efficiency.
Ans. Given: T = Hm...m_ﬂwmﬂmmm K.p,=03 vmu.u»u 18tar cy
n,=0.
We know that ?u-. a polytropic process 1-2',
4=b
L _(p)w
1, ﬁ __-..L

e ol

.
>

—> s
Fig. 5.23. T-s diagram.
14-1
1.6 \1 4086
T, = wmmﬁ&u
T, = 502.25K
Now, for isentropic process 1-2,
-1
i Tw: ;
T, \p)
14-1
( H.mw L
T,= 28852
T. = 464.63K ..
’ T,-T, 464.63-288 _ 8044 0r 8244
Nisentropic = m._u.tﬂ - wow.wmlwmm
: se the &na..w:na
520. What are the different factors which cau as turbine 7

cleof a g
be..-oen an ideal cycle and resl &7
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(i%0) There is also a pressure drop occur

210 (ME-4) B

Applied qﬁmgs dyn,
A
Define polytropic efficiency and its relevance, ¥

[UPTU 2006,
OR 7, gmzs 05)
Describe about the real gas turbine cycles,
: OR

Discuss with neat sketch and graph the deviatjop, of 5

gas turbine cycle from ideal cycles. Ctug)
Ans. Real gas turbine cycle : The idea] cycle is not Possible pg

of following reasons :

(i) The efficiency of turbines and compressors are not 100% g, th

is a deviation in expansion and compression Processeg, o
There is also a change in kinetic €Nergy occurs and dqye to
velocity fluid there is friction between the aj
between the air and the casing. This

will caus
leads to increase in entropy during compressio
process.

amﬁwm

T4

v v

(ﬂ‘y

Fig. 5.24. Rea] gas turbine cycle
From Fig. 5.24,
Isentropic efficiency of compressor

y Hmmunnovmn work
c A T e e ey

Actual work
0 o G-
‘ O..«Q.uiu.._u
v Tl

T,-T,
Isentropic efficiency of turbine

n,.= Actual work
= =3 Work
T Isentropic work
— Q.wﬁw {u:__”__

HE Qvamnw Iﬂuv

in the combygy;
due to fluid friction and this wil] leads to ustion chamber

ine and Jet Propulsign
Gas Turb i 211 (ME.4)
1..1..|L|||.I||I|I|||»[I|II T — — i o,
B oy
.G_ _—a_
(iv) The values of Qv and O.. are no

temperature and chemica] ¢op

t Constant because
For polytropic efficiency an

uﬂ._mw:a_._ s of gases m;
dits relevance : e

of change o
xture

mﬁ.ﬂc 51610
521. In a gas turbine plant, Operatin

compressed at 1 bar and 15 ¢ th
6.1t is then heated to 1000 K in 5 combu-tion cham
expanded back to a pressure of | gy, Calculate ¢
done, cycle efficiency, and work ratio. Assume i
efficiencies of the turbine and

percent respectively.

g on Joule cycle,

air is
rough a pressure r.

atio of
ber and
he work
sentropic
compressor are 90 and 85
gm. L—

|

—l
Fig. 5.25. T-s diagram.

Given: .h_u 1bar, T, = 15 + 273 = 288 K, T,=1000K
r =6,n,=90%and n_=85%

y = 1.4 for air
»Pm -_q — Q
. PP
P b,
p,=6p,=6x1
b d1-2
For compressor, process Hlm_mb -
L_f & *
L, \np
()
H‘ — N@WXQ 4
2
T, = 480.53 K

SR

A
P e = RN
o —
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212 (ME4) B Applieq .H&S.Ee&s.mﬂr
LT T
=
480.53-288
0.85= T —283
T, =514.50K .
For turbine, process 3 -4 and 3 -4’
y=1
T _ ?m 4
H._ .ﬁﬁy
14-1
1\14
L, = 1000 mu =599.34 K
_L-T,
=
HQOOlﬁ.
X 1000-599.34
T, = 639,406 K
Work done = Turbine work — Co

mpressor work
Qu (T, - T,)- O.g. (T, - ﬁv

1.005(1000 - 639.406) -1.005 (514.50 - 288)
= 134.76 kJ/kg
Heat supplied in process 2'3=C (T.—-T)

B 3 2
= 1.005 (1000 - 514.50)

= 487.93 kJ/kg
Cyele efficiency = Work done or Work output
Heat supplied
Cycle efficiency = 134,76
487.93

=0.2760r27.6 9

Work ratio = E

turbine output

_ 134.76
~ 1.005(1000- 639, 40g) =0.37
522, Air at temperature of 15 °C entersg a gas turbine plant
working at pressure ratio of 5. Turbine inlet temperature
is 800 °C. Isentropic mmmammnnu. of aoﬁvummwmc: and
expansion is 0.85 and calorific valyg of fuel used is
42 MJ/kg. Find thermal efficiency, ajy. fuelratip apg specific
fuel consumption of the gas turbine plant,

EE.GME?F Marks 10]

Turbine and Jet Propulsion
Gas

213 (ME4) B

ANS: Given:

Pressure ratio, Ww =5
1

Inlet temperature, T, = 15 + 973 - 288 K
Turbine inlet temperature,

T,=800+273

=1073K
lorific value of fuel,

i CV=42 MJkg
For air, ¢, = 1005 kJ/kg-K,y=14

N, = 1, =085 .
Polytropic efficiency is given as (for compression)

A,

v

ISR
Fig. 5.26.

% _| ﬂﬂ
T, \n
From equation (i),

_ﬂJ
%...mw
Iw_w_l bL
T,

= 494.69K i,
Again polytropic process for exp |
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Applieq ?2523_
0,

Q..IL
T, _(p)m
7 | 2)
Amua&ﬁmu x 14
= 1718

T 1073
P ol =—
7 1718 1.718 -
Net workdone = Turbine work _ Compresgoy work
= 6T,-T)—c (1, )
- L005((1073 - 624.56) _ (494 g _ 28g]
= 242.96 kJ/kg
Heat supplied = ¢, (T,-T,)

= 1.005 (1073 —494.69

el eiency ~ ek
Pplie

) =581.20 kg

Air-fuel ratip = EXternal heat supplied in kJ / kg of air

Calorific valye of fuel in kJ/ kg of fue]
581.20
= MMQJ.IQ. =0.01383

I

1}

Specific ou = x Fuel air ratjo

3600 x 0.01383
iliwlwmwm.ﬂmnif =0.2049 kg/kW-h

{UPTy 201].
Ans. Given ip; =1.013 bar, Py =16 bar 11-12, Marks 10]

' P3s=16-03_
Ty=273+15=288K, T, =135 oY smwﬁm =15.7bar

Gas Tur

bine and Jet Propulsion

== M_m_ZH:-.:
= 1. d Jﬁ.r:q.uo,m‘w. o = ()¢
ﬂwﬂ air and gases ; €, =1.005 x._ﬂmla_ﬁ 98
Y=14
Power developed, P = 20 Mw
For isentropic compresgjon 1-9,
Ll
L. ﬁﬁ " o(Ls u_u_‘_ -
L, \p 1013/ “=
T,=22x288=633 6
T,-T, 633.6 - 288
==L = (87. 633
T et T, T
T, =68524K
TK)
F Y
1623 ¥
|
288 »s (kd/kg-K) _,

Fig. 5.217.

: : ion process 3-4, i
For isentropic expansi *m "

L. (87 (L) -0

|
t
T, \p 15.7 |
T, = 1623x0.46=T46.58K |
g
o
Ml
Now, Np= T,
1623-T,'
0.87= {423-746.58 |
_ 5 288
m,_.ﬁ - mmm...mw‘ T,)=1.005(685.24
=C 2
c™p

= = - 1)
W S._ u..n_u H.oomamww 860.5
T nh a

B e
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bﬁ‘—uﬁmm& .Hfmgo q
Woee = Wy~ e
= 766.30 - 399.23 = 36707 kd/kg
If the mass of air flowin

gis m, kg/s, then the Power

by
P= ﬂ“wp x S\u et _mé
200x 103 = ww.wa x 367.07
- 200x10°
"= 36707
a.un = 544.86 kg/s
524. Find the required air fue] ratio in g Bas turbine Whog
turbine and compressor efficiencies are 85 % ang mcm
respectively, Maximum cycle temperature is 875 ¢, The
working fluid can be taken as ajr whi
compressorat 1 b,

ch enterg the
ar pressure and 27 °C, The press
is 4, Calorific value of fuel is 42

10 % of calorific valye inthee

AAs; Given: Nr=85%, n =80%
Ty= 273+ 8750 1 ark
Ty=27+273=300K
¢, = L0kJ/kgK, y=1.4
P, = lbar, Py=4bar (Since Pressure ratio is 4)
C= vacocwh\wm.

JQO = wo&

) (Since loss in combust
For 1sentropic compressjon 1-2,

1
T, mmyuw Lt
=2 =(4) 14 _
T Tw @) 1.486
T,=300x 1486 - 4455 ¢
T,-T
- SR
o= oy
445.8-300
0.8= T, -300
Ty =48225K

ion chamber is 10 %)

n

Now,

Heat supplied by the fuel = Heat takep, by the by
u
0.9 x Mpx Cm Aaa ¥ 5\ Xe, Guw = u_.u.w Ting gases
= () -z
¥ 9

-

Turbine and Jet Propulsion
Gas

3 ._. i
42000 = Hﬂ:whmw.%m@

42000 = 739,79 Tr:w
my
m, _ 42000

Trome ~ 1255,
m, 73918 78x56

. Air /fuel ratio= 56:1

mpute the air standard effj
e Mwmﬂmﬁmaﬂ between a pressure o
of 12 bar. Take y= 1.4,

i : =12bar 1=14
Ang Given:p, =1bar,p, ;
Ans.

ciency of a Brayton cycle
f1barand afinal pressure

[22]
o
=
I
—
I
b

i 1 4 v
AHMV : Fig. 5.28.

1}
o
o
o
&

i the p-V and T-s
sify gas turbines ? Draw
e Ma.o% M”..Mﬂ”% ngmﬂ_o ncu.wamb.n pressure open cycle gas
t _wmm.-_a (No description is required). .
n open-cycle-constant-pressure gas it
e .M ressor at a pressure of 1 bar uhnm o
nvm.Mc E.wa is compressed up to 2 waﬂﬂn arbine are 80%
mm nmd ic efficiencies of compressor O oeatuse
isentrop espectively. The peak cycl s
i mmmm @Wum_s_—“um:m y = 1.4, both for air
1045 K. As '
‘¢ =1.005 kJ/kg-K, determine
P

Marks 10]
(@ Thepower .-e«o_mﬂam. ol
(i) The thermal efficiency. [UPTU

. 5.5.
Ans. Gas turbine : Refer Q.5.4,andQ 973 = 208 K

o K = 85%
ﬁ“HU [(E81 HmAu*'Ju.
ens .a_u 4.2 wmw.u.uumuo.»m 1:«
. =1.005 kJ/kg-K
y for air and gases = 14,c,=1

r work

(i) Power developed:

o= bi
Work done - Mﬂﬁ _TJ-%

~ Compresso
o work Tm T)
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Iy
&..M‘/
For process 1-2, MIN w B P =49

1

64

Fig. 5.29.

-1

¥

- wl Bl
T,= ﬁr»luw

141
T,= 298(4.2) 14
T, = 49K
From compressor mmmﬂ.muow.

pom BT

T,-T,
0.80= 449-298
T, -298
T, = 486.75K
For process 34,

14-1

1 Y1ie
= 1045/ —
T T.wu

T,=693.5K
From turbine efficiency,

0.85- _1045-T,

—_—

1045-693.5
T, = 746.23K
Work done = 1.005 (1045 --746.23) — 1.005 Rmm..umiww@
= 110.57 kd/kg

T rbine and Jet Propulsion
u
Gas

o 219 (ME 4, B
power developed = Work gone o
= 11057 kg "

.~ Thermal efficiency:
()] Heat supplied = ¢ (T, _ T;)

= 1.005 (1045 _ 486.75)

= gw.@ﬁ{?ﬂ

Work done _

Heat supplied
110.57

561.04 = 0197 0r 0.20 = 204

Thermal efficiency

en cycle gas turbine draws air gt 1 kgflem? and
521 bm- oMWnn compresses it through a pressure _.wnn._m 0f 6. The
1 mpressed air is then fed to the combustion chamber to
o e the temperature of the combustion products to
nm—mo °eC. The 'working medium then expands to an
moo ediate pressure in the HP turbine which drives the
_uamﬂﬂommoa. Further expansion continues in the LP
ooﬂwm._ e. Find the specific output and overall thermal
x muﬂmﬁr Assume polytropic efficiency of compression =
Mmmﬂ-aw— isentropic efficiency for both the turbines = 90 %,
’

io =0.75, for air
i mperature = 300 K, thermal ratio =0
Eﬁmﬂ”ﬁnﬂ?ﬂ ,7=1.4 and for gasesc_=0.27 keal/ kg-K,
h%“ .

¥ “H.WW.

[UPTU 2012-13, Marks 10)

2
Inlet pressure,p,= 1 Wmmgﬁmum wMSo N/m’
Inlet temperature, T, = 15°C =2

Ans. Given:

. _ P
Pressureratio= 6= P,

Fig. 5.30-

=900K
Maxi ture (Ty)
mum tempera " 85%
Efficiency of compressor ()

=90%
pines (ny
Isentropic efficiency for both tu

R
s ———

i

. g
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Thermal ratio = 0.75
Isentropic compression 1-2,

= o4
T _ TL =(6)4 =1.67
1,

T, = 288 x 1.67
T, = 480.96 K

i, m AL
-7
480.96 - 288
T, -288
T, = 515.01K
Work output of H.P. turbine = Work input to compressor
T3 =T,) = ¢, (T, ~T))
0.27(900 - T,) = 0.24(515.01 - 288)

0.85=

[ 1 kecal/kg-K = 4,
T, = 698.213K g% =118 kifkg.g)

For H.P. turbine, n,= 0,90 = L3~ Ts _ 900-698.213
T,-T,  900-T,

. T, =675.79K
For isentropic expansion, 3-4

ﬁ

1
L _(m)
T, By

J-n

b,

133
Py _ (900 Yom _
2, ?ﬂ& =B
[For gases y = 1.33 (given)]
B _98100x6
i _A_ _28100x6

T 8173 3173 185502.68 N/ m*

For isentropic expansion, 4'-5 py=p,= 6p)l

1

T _(p)

Lo a,

T, _ Tmmmcm.am i

T, 98100 ) 117

[ h_ﬂtmﬂwm—ocz}.ﬂn_

pine and Jet Propulsion

A.ﬁ_.
2;
To= 127 N

T $28218

1171
T, =59.25K

T,-T
Ny = =% g
’ T -T
0,90~ _ 698.213-T

gy

698.213 -596.9
T, = 606.45K 2
Net power output = Ezgr__.., = oaﬂﬁ_ -T,)

[ 1k K
0.27x4.18 (698.2 nmsm K=418 F_&nn.,—n_

13-606.45) = 103 56
Net work output ke

Heat supplied

- 103.56 _ 103.56

cTy-T,)  0.26x4.18(900-515.01)
0.248

....._..2-5.. =24.8%

-._z..qu.._

528. State the merits and demerits of closed cycle gas turbine
over open cycle gas turbine. What are the different methods
by which performance ofag

as turbine cycle can be
improved ?

[UPTU 2004-05, Marks 10]
OR

closed gas
Draw the flow and T-s diagrams of open and :

i i i it and demerits of
turbine cycle. Discuss the relative meri
closed cycle over open cycle. [UPTU 2008-09, Marks 10

Ans. Merits of closed cycle gas turbine over open cycle gas
turbine: ) -—
i bustion plants.

1. Closed cycle gas turbines are Muuﬂ_.mm M_”.M R hera 31D
uses a wide variety of cheap fue o ol
direct contact of turbine blades withp combust
reduces fouling of blades. e whileclosed cyclegas

2. Open cycle gas turbine must operate 0% i plant efficiency
turbine may use any fluid which gives 12

output. mmmaob&g%m
2. Gpencydubine g L pin e
. " . ture contro 4 and loa
ey Ewma SMHWMHEQ operates at noummmmﬁwmommﬁm level
oHoM..Mm mwn mmmwmmmu. be controlled by changin.
regulationc

t.
: ture constan
in the system by keeping temperd
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Ans. Given:

222 (ME-1) B : »»tnE_ca.._._

4. In closed cycle gas turbines. En minimum ctE.m:,_ﬁ v_,czmcwc ~
be set above the atmospheric pressure. Due H.o iNcregag,
pressure, the specific ,iEz.n. for working fluid reduceg whic
results in reduction of the size of heat mxarus.wg.m.m:a Bigi.on
Whereas in open cycle gas r.:.w::m ....d.l.czm fluid (ajr) e
atmospheric pressure which Eﬁ,mumm.m.:m size,

Demerits of closed cycle gas turbine over open ey, -

turbine : o 3

1. Open cycle gas turbine has manazﬂ,:io_,:m_ combus
not present in closed cycle gas _,.E.c:,_m.

2. Closed cycle gas turbine has complicated and co

requires air-heaters which also increases its cost.

3. Inopen cycle gas turbine atmosphere acts as

require any coolant for precooling of exhaust

compressor from turbine. But clos

tion whick o

wﬂﬂ.ww mw«.ﬂﬂﬁ.:u‘ -
sink and j¢ does
gases entering intg
ed cycle gas turbine requ

_.w._wm a
precooling.

Performance improvement methods of turbine ; Refer Q. 5 4 2
Ts diagram for open ‘

and closed cycle see Fig. 5.2 (q) and (p).

529. Consider a gas turbine working on Bra

yton cycle, The ajp
enters the compressorat .15 MPa and 20 °C, The maximypm,
1200 °C respectively,

temperature at each point in the cycle and cycle effjo;
and turbi

Yton cyecle

. with turbine and
efficiencieg of 0.85 each,

noamun.omwon.
Hg 2005-086, Marks 10]
pP,=0.15 Ewm.hn =1.2MPa

Loz mooOuchfm.wmuwme

T, = 1200 °C = 1200 + 273 = 1473 K

Py= 1.2 MP,

P1=0.15 Mp,

; (Eh
= M-r-q_,_n =

pine and Jet Propulsion
ir — —

For theoret ical Braytop cyel

o ‘_w_ 223 MKy, "
e :

u.ca_.m
__..__.| I!l...l.l..l.lr m

D

()

=
—
o

2 "

For process 1-2, 2+ -

1
y for air = 14,7

For process 3—4, 4 - 1

1T TTaT =813.16K
Amv 14
Turbine work = ¢_(T, - TY

= 1.005 (1473 - 813.16) kg

= 663.14 kJ/kg

Net work done

Heat supplied

= ST -T)-¢(T,-T)

B c(T,=T,)

_ (1473-813.16)-(530.75 - 293)

=0.448
(1473 - 530.75)
Cycle efficiency = 0.448 or 45 %

So, (p,» T)) = (0.15 MPa, 293 K),
(py» T,) = (1.2 MPa, 530.75 K),
(py Ty) = (1.2 MPa, 1473 K), and
(p, T,) = (0.15 MPa, 813.16 K).
@#) For actual Brayton cycle : . .
With compressor efficiency = 0.85 = Turbine efficiency

Cycle efficiency =

T, -T,
S -
MO‘ n e H.__ IH.__
530.75-293
Omm = M.._ |Nww
m....w_ = mdwﬂm
LT
and N n.“_ Imﬂ_
1473-T,
085= T —gia T

T, = 912.14K

R

T
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Th
—_— Hebwork done mgc&d!ﬂa purbin® and Jet Propulsion
i Pl bl B Bt etcomont } (ns T B ’ 220 :MF 4 B
Cycle effictency Heat supplied

From turbwne .,_J_.._.(,:::.,,_.,

@ -T)-¢@y-7) o=
ﬂuAﬁ 1NMV _.w,.. = ‘N.— = __,_.“A.h.ﬂ- .ﬁ._
_ ﬁ_a.wm|@Hw.“—&|a.ww..wiww8 Work output = A..“.__ _::1_ T)-cr -
(1473-572.7) P st
= 0.310r31% WeCoyii-hg, BT
Turbine work = ¢, (T, -T,) = 1.005 (1473 — 912.14) i I S
= 563.66 kJ/kg ' . faXs
Now we have .q.__ = fm._.,w % ..m
530. Prove that optimum pressure ratio for maximup, _ 5 ,
output for a gas turbine plant is given by SPecig;, wlere; r,= e T L, (Let)
By 1
.
T, |260-1)
ro= M X 14 (. 1)
» N\._.—nc bine Jno!ggqxnﬂg So, W= Ot,jﬂ.ﬂ.fﬁr”ﬁwl_ﬂuh.‘.ﬁﬁﬂf:
[UPTU 2006-07, 2007.03. . : S
Aus. Let us consider a gas turbine having initial Be%w:om.. Marks 1, For maximum specific output,
Sﬁwwumgm T, and T, respectively. The compress ow.ﬁmmu%ﬂ cycle aw ol
used nﬂ” m% gas turbine have their efficiencies n mbME.an dr,
respectively. comprassor -
Ficain ( \ T,
Work output = Turbine work — Compressor work c, T, ﬁo + w: v -C,- LT.@J =0
. =C,(T,-T,)-C,(T,-T,) € *
eat supplied = Gu (T, - T,) " T _ w.wn;
Py n’
p
P2=Dp3 T,
T = ey
1
L
N ( m@»«
u..m. = rq.__..._. . H.L
gzl
Put, 2=y
e
— (. T\
—p § r = n ..Jn m
m- Hm“. m-uwnn d r ' hv
rom compresgoy efficiency =
; T 2up-1
B | T
1 " STy - o % Neon r
7,1, ol il
=5 T.-17 - &-T)
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Classification

Thrust power :

PP=KE

leaving

._.__-_6—-

Thermal efficiency

Overall efficiency ;

b 5 :
ﬁ..z._; x Calorific valye of fuel

of isentropic heat dr
Rocket propulsio
combustion products lea

Jet propulsion :
imparted momentum provides a propulsive force.

L : 5 wg -
1. Air stream jet engines .rf.q cwmmzﬂbm. engines) S:
2. Self contained rocket engines (Non air breathing

Performance of jet propulsion engines : Thrust obtaineq -
air (N/kg of air/s), . kg

Propulsion power:

Propulsive efficiency :

p ﬁrww c, 'p.T,

PP 1

2 Kinetic mnman% available

n: It

ting

H,mmonmob of

: Propulsion system may be classified ag follo

mb@.ﬂmmw

T= ETM@Q |9TMM5 . Pm“

TP = H.xnwa

entering

1( C?
-KE = AKE = MFH+|I;QH|

i

Principle of jet Eoﬁ&ﬂ.ob?

momentum to a mass of fluid in such a manner that the Par

. Heat supplied

xT + .@w nu-nb
u F 5&. n ﬂ;
m,)
AMQ x Calorific value of fuel

([ m
14-=L =
ﬁ Swnﬂ CG|C

a L
a

(m,) —

and

531

AnB

(a)
(b)

gocke

ry their own oxidiser for burnin
ca

o and Jet Propulsion

227 (ME-4) B

¢ engines : Rocket engines are

Non-air by
g of fuel.
MH@—M—M&FQ principle ofajet propulsion system. Where is
“u..wﬁom—uaﬂ of jet propulsion system : Jet
b mparting of mo_éﬁ.a Ecson to the obje
ofhigh velocity gas or liquid stream from the rear end of object

It is based on the principle of Newton’s second law ang third law of
motion. Due to n.rmbmm of Eoﬁwacb.ﬂ in fluid stream, the reaction
to the impulse is created which gives propelling thrust for the
engine. Thus, the change of momentum of the fluid stream flowing
across engine and 5..5. _,mwnﬁo.s to the impulse due to change in
momentum is responsible for jet propulsion.

When high temperature and pressure gas stream is expanded
through a nozzle, comes out in atmosphere with significantly high
velocity, and gives a change of momentum which produces impulse
force and its reaction produces propelling thrust.

Pa A

—_—

C; B

mws.p.-nm engines

Propulsion refers to
Cl as areaction to exit

Jet propulsion Ae C
engine/system 2

Pe
Fig. 5.33. Principle of jet propulsion system.

Consider, p, = atmospheric pressure, o y
A and A_= cross-sec ional area at inlet and exit,
.m. and p, = pressure at inlet and exit, wE.w
ﬁ._._ and C, = velocity of gas at inlet and exit.
Let m_, mass of air entering into engine per second and mass rate
of fuel is m and it is constant. .
Case 1 : If mass of fuel added is negligible .
Momentum thrust =T, =m,(C,-C) >
Case 2 : If mass of fuel added is to be considered.
Momentum thrust=m_(C,— % )+ Eﬁ%.
= ﬁau +m . = 3u et | o
Case 3 : If the expansion wm incomplete then two types of thru
will develop.
Momentum thrust (T,)
Pressure thrust (T) < tp:=n)
Y p,~ P,
Total thrust (T) = Hﬂ +QM“ MM.M wo. C)+ A,
Consider mass of fuel adde ) )
T=(m,+ Ew c,—m,- C) +mm.cu. P;

oh alti rafts, missiles and
Uses : It is used in high speed, high altitude airc .
space crafts etc.
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-
5.39. Givethe classification of jet m..guEm..o:
Ans. Classification of jet propulsion . ;
Jet propulsion

v
1. Air-breathing engine (Air stream
4 + jet engine)
{a) Self combustion (b) Intermittent. - H._.7
system combustion system Propellent ®) mc__,a
v 3 v PEOpeliy;
(1) Pulse jot

- 1) (#) (iff)
Turbojet Turboprop  Ram jet

220 (ME-4) B

—

At entrance, diffuser slows down the air (becay

ring is equal to the plane speed) and jt se velocity of air

ente 3 : 8 kinetic energy is
converted into vrqmmm:_,o and this compression ig known nmnwn_.:
ncEﬁnmmm_o:. This compressed air is again tompressed into

ressor up to a pressure of 3 to 4 bar, Thig 'd ai

Mwanm_%ﬂm the combustion chamber where _.:a_nﬂ“:wmmm_wmnnﬂ_m
nouucﬁmﬁoz oceurs at constant pressure that results in rise of
{emperature Z:u.m:w ! _H._rmmm ?3. gases from combustion chamber
b xpanded vul_m._._w .ES EB:.E and developing the power from
turbine. This power s just sufficient to drive the compressor, fuel
pump and other auxiliaries. .

The exhaust gases from turbine are at higher pressure than the

atmospheric pressure. These gases are expanded in a nozzle and
!

Scanned by CamScanner

5.33. Erwn are the wmlcﬂuubam @Eﬁdﬂa@m vmnﬁmmu air, very high velocity jet is produced which provides a forward motion
engine and the rocket engines ? _,maEnw to the aircraft by the jet reaction according to Newton's third law
OR . i
o motion. . ) .
What are the major differences between airb ; .nm.._m turbojets are more suited to the aircrafts travelling above
and rocket engines ? i _ i gm_u.:hw. eng; ; i i Ision efficie higher speeds.
gines ? Explain, Ngingg 800 km/h. It gives higher propulsion e ncy at higher sp
Ans; = . Overall efficiency of turbojet = 1oy X Npuiee
Air-breathing engi EAERERES
m Ing engine .—N.uﬂmnmﬁ O.H.m.n.ﬂ@ T4
1. There j itude limitati
here is an altitude H_E:m:a?. 1. There is no altitude limitation, 1
2. Thrust decreases with alti ravel in space. ke
S Bafa o elinh e a h.Emm. . 2. Thrust increases slightly with lti
4. Engine ram d reases with altitude:| 3. Rate of climb increases wit] il
fhed ram drag increases with flight | 4. Engine has no ram drag, m_e H :.m_:._%.
5 ] e,
5. Flight speed alwa I . constant thrust with speed g
velocity. ys less than jet 5. EH,E; speed can be grea aE“ than jet
6. It has ¢ ; velocity, ]
ammmoumwﬁuhmwnh ﬁ”w M%..Qmu@ and 6. It has low efliciency at awﬁmgo? high
s_._,.. flight speed for smaj] duration, 3,
5.34. Explain . 3 /1 f
construction an, : . 2
~ Deatsketch ang diagra s of turbojet engine with M —
Ans. Constructioy, » t wo._.n. . -4 Compressor 6
e o oo o s - m
a: 4
and a nozz)e atexit after the ﬁﬁwﬂm_ao S peraLay GO - \ 2 Diffuser
; i
Aircraft :
1 FBSEHES el 1.5
Directj ; . jet.
f < Fig. 5.32. T-s diagram e ﬁﬁ_.s”_mas 100 % efficient
of aircraf; ; ram compression v : to zero
Process 1 ..mm "M_»M%MMH. velocity of air at point 2is equal
. atmosphore| diffuser. In ide _o'is real process- . '_3' shows actual
Fig, 5.34, Gas turp; (C,=0). Process 1-2'38 compression of air and 2'-3' 8
‘1€ plant for turboje, fracess m.w&ms m.ﬁ%a
compression of ait.




Process 3-4 : Ideal addition of heat at constang 533,_9 |
Process 3'—4 shows actual addition of heat, E.mmmE.m o
Process 4-5 : Isentropic expansion of gas in o b, %
is actual expansion in ﬁE‘E.nm. Ing, m..dnm b
Process 5-6 : Isentropic expansion of gas jp, iow Sy 4§
actual expansion of gas in nozzle. zle gy, a5
Expressions : Let 1 kg of working fluid is Tt i
C e "8 throy,,
1. Diffuser: For process 1-2, the energy equatj on is th,

2 Qw
IMr+3+Q_ = Imp +hy+ W,

-2

For ideal diffuser, C,=0,@,,,=0,W _ =0

. 2=
So, hy=h, + % )
2
or \Hu = ﬁ gl
va
For diffuser efficiency,
Ja — El = ﬁ 3 Wm
hy-h  T,-T,
2
(W hy+ rﬁ.l_
2n,
or u_..w‘ = m:H + 'IMI.
2C, -,

2. Compressor : Idea] work expanded in compressor
W = hy=h, = C, (=1

Actual work = hy—h, = mulwl\wl

3. Combustion chamber ; 5
Ideal heat supplied per wm
Q=h, ~h, = C(T,-T)
Actual heat Supplied = Fx 1+ wmmw h,—h
s.u 4 k)
or [
=C |1 +ha|m4
4. Turbine ¥ "’ ﬁ o g w.._ .. OE . ﬂm.

Turbine so_.FS“ =k, <}
oy D
bnncml nﬁﬂrmbm S-t C - H..»_y

E._m,_ m,_
=h,~h = C
s . =0 Af 5 HH.. -T )
For sim Plification, thwﬁmm E%M _._N i
IK =

aoaﬁﬂmmmow Scﬁw

. and Jet Propulsion
\—aﬁ.ﬂ—u.—ﬂb

Gt ————— 0 wimeas

-

Jet nozzle : For process 5 -6, e
5. c?

Byt 2 =hy+ mm.
For actual process,
c; 2
.+ —= =h_ 4+ =28
h, 2 L w

Thermal efficiency 1), is given by
Ny, = (hy —hg)—( —h)

th Gy
= ﬁu._» |Q.o.v| hﬂ.u, - ﬂ.‘-v

(T,-T,)

5.35. Explain the following terms related to performance of Jet
propulsion engines: (i) Thrust power (ii) Propulsive power
(iii) Propulsive efficiency (iv) Thermal efficiency (v) Overall
efficiency (vi) Jet efficiency.
OR
Write short note on propulsive power and propulsive
efficiency. [UPTU 2010-11, Marks 05]
OR
Define propulsive power and propulsive efficiency and also
ive their mathematical expression.
g [UPTU 2012-13, Marks 05]
= (3 £ i bojet engine
. (i) Thrust power (T.P.) : Let us _omnwam_. the turboje L
o moving with velocity C, through air. ._?_.E ﬁ.ﬁ velocity of air
entering engine would be C_ (approach velocity), if the atmospheric
air is at rest.

Thrust obtained per kg of air,
(. m\ A
= —L —C »+—=\p,— Pa
T FT s___o. : a,ﬁ )
; N
" Jet propulsion .
Inlet engine/system g,
C, o
Surrounding
inci j Ision system.
i 5.36. Principle of jet propt . o
) ¢ unit time by the engine and is given

k done pe me by : KoETS
Wﬁ nm%ﬂnwwwwmﬁﬂramﬁ and velocity with which engine
y :

(flight velocity).
p+mﬁﬁ/0 -C, +~Iﬂhﬁv.| tad C.
rp.=TxC,=| | m) T
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Appli
i ;mwgo_ﬁdm
Neglecting the pressure thrust, e
TP.= ? e DM, c,

m,

ing the mass of fuel added,
e T.P.=(C -C,).C, W/kg of air
(i) Propulsive power (P.P.): It is defined as the difr

F + s ith ai €rence _um?.c
the rate of kinetic energy entering with air and ~omi=m with, . o€n
exit gases. Jetop

PP.=KE.,,. -KE_ . -AKE,

1/ .smw s 2
= —[1+— Q -—a W, 1
2" " m, )%~ Wheofair

Neglecting fuel mass addition, propulsive power,

e -
PP = 7 < W/kg of air
(ii¥) Propulsive mmmm_.mna% 3.5?- : It is defined as the ratio of thryg ;
power to propulsive power. It is also called Froude mm._&m:nw

[ m)
1+—°L sy
Thrust power _ P S_LQ. G|c
Propulsive power
$ ” L. ﬁ\H+mthwaQ»
2 w_.._._wn¥ e a

n

Prop. —

Iffuel mass is neglected then,
_ %c,-c)-c,
(c?-c?

a.uneu.

2
(c)
..__. -
It tells h, + FDL
tells i . .
v OW much propulsijye power 1s transformed in to thrust
Note; It SR C, then

Npesp. =1

But this nouawm.wu is not des;j i
. i sired ag jt decreases t
(iv) M.rmnﬂm_ o”mmn_@:o% (m,):1Itis defined ag the Mmmu

nergy available anq total heat supplied _
i & Kinetic energy availahle

Heat Supplied
1,

- ﬁ.w 0, +m,)c2 - m,C?
m,xCV,

rust available.
0 of total kinetic

Go®

-

w

wd)

g

N e 4

S oo

.

and Jet Propulsion

B e .
= [, : b

TT 3@@ oJ

R o e

3 i
| rs,_ pxo,e.‘
i = Fuel-air rag;
Wwhere, m 0 and

C.V. = Calorific valye of fuel,
Eﬂ mmﬂmﬁmmﬂ.:u@‘ A.-—n:__-:-s:,- : ,—P is nﬂom:& v i
muwh.ﬂc:m e s iy as the ratjq of usefy]

m

T; %W.O.FO.. C,

_\w:.hw xCV.

..._ncn—.n: = —._;..r XN .
Note : For maximum overall efficiency,

1
C, = mO.

Jet efficiency (n, ) : It is defined as the r
energy in jet to the total of isentro
carry over from turbine.

u.—ac erall

. atio of final kinetic
pic heat drop in jet pipe and

_ Final kinetic energy in jet
e = Isentropic heat drop in the jet pipe
+ Carry over from the turbine

Give the advantages and disadvantages of turbojet engines.
Advantages of turbojet engine: )
Turbojet engine is simple in construction.

. Vibrations are absent in turbojet engine.

More than 3000 km/h speed can be achieved easily.

As compared to reciprocating type aero-engine weight to power
ratio is superior.

is uni _ th,
Power supply is uninterrupted and smoo
Large range of mixture strength ?.mm can be burnt. i
Maximum altitude ceiling amb.um achieved as compa
turboprop and conventional piston type engmes.
Disadvantages: .
Life of unit is comparatively shorter. N
Below 550 km/h turbojet becomes rapidly in
1t produces more noise.
It requires a longer strip to ..(wwmm off.
It requires expensive materials.
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7. Explain with neat sketch and diagramsg |
5.37.

hat is R £ the Priy, ;
lain what is Ram effecq » Cipy N
turboprop- Also exPIail ? Pl

turbojet and turboprop engines

Short note op mos.: )
Cul kg,

with the help of neat sketch explain the _

. so ﬂfr s
5)

4— Direction of aircraft

D- Diffuser,
o OoEE.ommE,.
T — Turbine, and
C.C. - Combustion chambpe,

Fig. 5.37. Turboprop.

Construction : Turboprop engine, also called turbo shaft engine
or prop-jet engine.
It consists of following parts such as :
(@ Compressor: To compress the inlet air.,
() Combustion chamber : To burn the compressed air with fye],
(¢) Turbine:To expand the burnt air-fue] mixture,

@Zoun_o “wuumumnoso;sn air-fuel mixture occur which prope]
the turboprop engine,

J:.bo”m—zm and working : About 80 % ex
plac

Propeller

By using diffuser before the com

e ressor, :
turboprop is improved, p T, overall efficiency of the

._,:qw.:.:. and .ru.lplﬁ_.ovs__m_ol...l.l| -
s a8 e N i -
a8 __— hat are the n_._,?..z_._n@.. —x.pé.é

- .ﬁ; ME. 4 p
\\ i 3 .ﬂ
5.38- turboprop engine ?

" nﬂﬂ—uﬁ&.é "NEine ang
OR
Make comparison between Eqrqv_.,cv A0d turheje “Ngines
Turboprop is a E«vﬁm Powered propeller pr“:“mmmham.}a.wﬂ
R8T aspect 1L Produoss alot of thrust to cliny py eon altitides thog
o sl aspirated engine or turko chargeq engines o
Turbojetis  fully contained jet propulsion syggemey COMpresee o1} of
its air some with 20 % bypass ang 1Bnutes it before exiting the turbype.
Turboprop has a m...mm.._w larger sizeq mass due tq carry a lot of
cargo which causes it to have lower wna&wqmﬁ._o:. whereas the
Lurbojet has a mE_m=. amount of magg causing it to have 5 higher
amount of acceleration.

Explain with sketch and diagrams the construction,
5.39 working, advantages and limitations of Ram jet.
OR
Discuss the working of turboprop and Ram jet engines
[UPTU 2009-10, Marks 05)

Ans- -
A Mﬂmmwmowa\\l Igniter onﬁ_a
2=
L =
> e e e e =2
» -0 . 33
-»> * %
7\ ‘
Supersonic  Fuel /I Oannwsoa
diffuser injector chamber

Fig. 5.38. Schematic diagram of a Ram jet propulsion unit.

@ @ @K@

TII!\\\ \

] . I
Exit nozzle |

]

 C&> _ﬂ

]

_ _

T

||.\\\\\I|l./_.

® @

® ol

Fuel
Fig. 5.39. Schematic of Ram jet.
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—»S .
Fig. 5.40. T-s representation of Ram jet.

Construction and working : Ram jet is also called athog
Lorin tube or flying stove pipe. It consists of a diffuser, com czwc.w :
chamber and nozzle. Diffuser has two vo;_.n.ﬁm * Supersonic &Ehwu
and subsonic diffuser. The air at supersonic speed enters the _,mn“,
jet plant and is slowed down to sonic velocity in superson;c diffuse,
resulting into sudden rise of pressure which provides the formatj,,
of shock wave. Pressure is again increased in subsonic diffuge,
and temperature of air increases up to the ignition .nmaﬁmqmﬂzam
When this air enters the combustion chamber, fuel is Injected SM
fuel injector and by means of a spark plug mixture is ignited. The
expansion of gases towards the diffuser entrance is restricteq by
Pressure barrier. So the hot gases are constrained to move towardsg
the manim. and undergo expansion and the pressure energy is
converted into the kinetic energy. The high velocity gases leaving
the nozzle provide forward thrust to the unit. At 1700 km/h to

_ Advantages:
Aa t Ram jet is very simple in construction,
.@t It is light in weight,
:‘: ) It requires no moving partg,
(iv) >.§g¢ variety of fuelg may be used.
B _u.wu._._qmbﬂmnﬂm :
1) It requires a smg] turboj
(z Jet to start the ramj
:m% %n low and moder. ate speeds, fue] Snmnsuﬁﬁ“. is too high
oﬂcg.wmm@ OPeration, the diffyge, Deeds to be 4 e o
so that kinetie energy is mﬁs.mn:w Converted int, Mw%umn i
sure energy.

gives its construction ang worki et engine and also

Ans. Pulse-jet engine ;
Construction : The congt

and shown in the m,nw 5.41. Tuction Oﬁﬁﬂ—mm P

It enging ¢ simple

and Jet Propulsion

bine S e

T |.Jlr|1.rrf|-|J|r||r- —— 237 qg—..“.: B

Spark Plug

u.:_. m,.x?: Ut

(1)

(iz)

5.41.

Ans,

Ignition
barg

ﬂ\m._..e_ injector

V-shaped non-return valves

m.-mmo m-&.H- vﬂ‘—wml.u.ﬂﬂ mﬂ—mm.h_.m

orking principle : Its development js due to the inaby);

_.,_MB jet to be self starting, ﬁs air enterg into &M_HMW,“N&MHM
compressed E, ram effect in the diffuser section and the grig
Esages s&unr. are opened and closed by V-shaped non-return
 dcan, Py-fue] E._mn._«n.:.m fuel is added into combustion chamber
and combustion is mupw_»»mn_ by a spark plug. The temperature ang
pressure of combustion products increases. As the combustion
pressure becomes higher than the ram pressure, the non-return
valves get closed and conisequently the hot gases flow out of the
tail pipe with high velocity and this will result in forward thrust.
With the escape of gases to the atmosphere, the static pressure in
the chamber falls and the high pressure air in the diffuser force
the valves to open and fresh air is admitted inside the chamber for

combustion during a new cycle.

Advantages: . .
It is cheap as compared to turbojet engine and produces static

thrust. .
Pulse-jet engine produces thrust more than drag at lower speed

compared to ram jet.
Disadvantages and limitations : It produces large o
requires costly maintenance due to presence of valves. The

vibrations and fuel consumption rate are high.

noise and

What is the principle used in rocket propulsion ?
OR
on.

Explain the principle of rocket vmﬂ_ﬁﬂ_wéwo_ Marks 05]
: their
Principle of rocket propulsion : Rocket engines carry

-ai thing
own oxidizer for burning of fuel as ﬂ.__mmm mMMa_H“_ mﬂ_m_. WH.MM
engine. A simple layout of rocket engine
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z/ ..“._..n — fom s
2 G |
A‘ Exhaug . G/
By ™ 5
; o
14| "a
\c
Buel J tructi
in the construction of rocket engi
i Explain U : ngines, What -
5.42- classifications of rocket enginesg ? What are :.”. n._....“.:..”a
— Exhayg, 332..23 of rocket u...mvﬂm:ns» and applications ?
Oxidizer TI Combustion Exit piscuss the basic theory and operation of a rocket engine.
chamber nozzle [UPTU 2011-12, Marks 05)
Fig. 5.42. Layout for rocket engine. _— Rocket engine:

By combustion products leaving exit nozzle a thry
for rocket propulsion. Thrust is available dye
momentum and pressure with which jet comes out
Consider, m, = mass flow rate of propellant
C, = jet exit velocity,
A_ = area of exit nozzle,
D, = exit jet pressure, and
P, = atmospheric pressure,
So, net thrust available,
. T=m,C +A, ,-p,)
m.o.M Mmﬂ_ﬂg En" exit jet 4@32”6‘ and pressure difference at
exit should be maximized. The maximum thrust is avail

Here,

FT = fuel tank,

st is _u._.oa:n@n
to n_umzm.m of

. HT = hydrogen peroxides tank,
£
O = oxidiser tank,

ST = steam turbine,

P,, P, = pumps,
C.C. = combustion chamber,
H.G. = hot gases, and
N = nozzle.

: abl irecti
when atmospheric pressure is zero (p, =0). Ry ua:ma__no_”

T= mC +4 - = o e ®
On comparing, we mmm 4. @.-p) M Oe_ : EE \I

- ST
" PI[EEE
ml....l.. A’ s Huw
- HG

||\ Q“mmm

. 1 ket.
Fig. 5.43. Schematic diagram of a rocke
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240 (ME-4) B

Ll N

543,

Applieq ?mgsﬂ

Ing,

i ltank FT, an oxig; iy

ine consists of a ?m. iBesy

Rocket m:W:ﬂmw , asteam turbine ST and a noB_ucm:ow:nﬂo_ y
Mﬁ%ﬂwro_ is mcmm in fuel tank and oxidizer tank jg iy 2

ey > llg “h

d the oxidizer are supplieq .

liquid oxygen. g...rm fuel an »rmu .
to the combustion ¢ by A

hamber where the fuel is igniteq by elog
means. The pumps are driven with the help of steam turbi
mixture of concentrated hydrogen ﬁmMowEm with vcﬁm&cm
permanganate produces the mﬂmmﬂ. Products of noEgmms_ ss
discharged from the combustion chamber through the nozgy m
So the rocket moves in oEuom;m. direction. N
Classification of rocket engines:

. According to type of propellants :
(i) Solid propellant rocket, and
(if) Liquid propellant rocket.
. According to the number of motors :
() Single-stage rocket, and
(if) Multi-stage rocket,
Desired properties of propellant :
It should have large heating value.
It should have high density so that storage space required is small,
It should have stability and ease of handling and storage.
It should be non-toxic and non-corrosive, '
bﬁﬁ:ﬁmnmonm :Itis used in serving air communication, satellite
Mazwwwmﬂmwmnm.émamnam:m. missiles, L.d.mw assisted air planes, pilot-less
Di §
EMMHMMM»S between jet Propulsion and rocket
The maj
i ﬁrm%ﬁ_ﬂam%,ﬂ. nce between jet Propulsion and rocket propulsion

ril

APP
\
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