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Thermal Engineering

(Solutions for Text Book Practice Questions)

Chapter 04. Ans: (b)
1 BASIC CONCEPTS Sol: F+P=C+2
No. of components, C =2
No. of phases, P =2
01. Ans: (d)
iT v LF+2=2+2
Sol ? - ¥dP —-F=2
1 \Y V R
=g dT—dP (PV:RTa—Z—) 05. Ans: (d)
1 R Sol: When molecular momentum of system
- ?dT - EdP becomes zero, the pressure reaches its
— MdT + NdP absolute zero values.
1 R
M=7iN=—R 06. Ans: (b)
oM ON Sol: Final equilibrium temperature can be
P - "oT - calculated by using conservation of energy
M ON 4 1.e., first law of thermodynamics.
..——=——hence it is a property
op  OT
07. Ans: (b)
02. Ans: (a) / Ny
Sol: Mole fraction of N, = d
Sol: Volume  — Extensive property Totalno.of moles
Density — Intensive Property < ny,
Pressure =~ — Point function o 1
Work — Path function n, =03
Energy — Point function m,, = n,, x molecular weight
=0.3x28=8.4kg
03. Ans: (b)
m
Sol: A real gas obeys perfect gas law at very Mass fraction of Ny = ———=——
) Total mass
high temperature and low pressure.
_ 84 _ 0.233
36
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08. Ans: (d) 10. Ans: (b)
Sol: my = ny x(molar weight) =2 x28 Sol: For N, For CO;
— 56 kg nl = 3 1’12 = 7
m, = ng, x (molecular weight) = 6 x 44 P1 =600 kPa P> =200 kPa
n=n;+n, =10
~264ke P¢= 300 kPa
m, +m¢, =320kg
2 2 _ nl B 3
m Py = P, = m x300
Mass fraction = €0 n, +10,
Meo, + M, =90 kPa
_ 204 0.825
320 11. Ans: (d)
Sol: V=80L
09. Ans: (a) n=ny N,
Sol: my = n, x(molar weight) s Cs
= _+_ —
=2x28=56kg 28 44
Mo, = N, *(molecular weight) PV=nRT
5 5
=4 x44 =176k —+—
= o P G
R = R _ 8.314 RT V 80
™ Molecular weight 28 PV,=nRT
=0.2969 kl/kg K (5) (54_5)
R 8314 i_i_ 28) _\28 44
o molecular weight 44 RT V, Vi 80
—0.1889 kl/kg.K = Vi=4888L
my X Ry + Mo, ><RCO2
Rinixure = - 12. Ans: (b)
m, +mg,
’ ’ Sol: For Argon:
_ 56x0.2969 +176 x 0.1889 m=3kg
56+176 Molar weight = 40
=0.215 kJ/kg.K 5 _
Y= 3 (monoatomic)
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R 8.314 14.  Ans: (d)
(CV)Ar:M( _1): 5 5
i 40( — IJ Sol: ForHe: n;=3, y=—
3 3
=0.311 kJ/kg.K - éx 8314
(Cr)te = = —— =2078kikgK
For COy: (v-1) (3 _ 1j
) 4
m = 6 kg, Molar weight =44 | y = E For Ar:
= 5
R 8.314 =7, y=—
(Cv)co2 - M( _1): 4 Q! 3
v 44( - 1) s
3 . 8.314
=0.566 kJ/ kg.K (Cp)ar= (y ~ 1)= r =20.78 kl/kg.K
(C )i = m,, x (CvIlAr ++nr:02 x(Cy )co2 (3 a lj
§ G (C ) L= nHe(CP )He +mAr(CP)Ar
_ (3x0.31)+(6x0.566) PIMIX n, +n,
344 _ 3%20.79+ 7x20.79
=0.4806 kJ/kgK 347
Qs = mx(Cy) iy x (AT) =20.79 ki/kg.K
= (3 +6)x0.4806x(350 —250) Vv, V, P
=432.6 kJ BT I 2
_V L
13. Ans: (b) Ibh= VIXTI : : > v
. - — Vv 2V
Sol: P] 1.2 MPa, P2 0.2 MPa =2 %323 =646 K
— 200 — 700
He =30%, Ar 70/; Qs = nx(Cp)mix X(AT)
Adiabatic process, Y = 3 (monatomic) = (3+7) x20.79x (646 — 323) =67 MJ
y-1
T, (P, 15. Ans: 2.67 cm of Hg
T, P Sol: At ground
i Balloon volume, V| = %an
0.2)5
T,=673x| — |3 =328.7K=155.7°C
2 x(l.zj ’ Py =72 cm of Hg.
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In the air, R = 3r PP
T, T,
Balloon volume, V, = 27 x 4 nr’ ! 2
Temperature constant = Isothermal T
P2 =| = P,
= Process P{ V=P, V, T, )
—n B33
= P,=721r/27r =2.67 cm of Hg . P,<P,
. : >
16. Ans: P1>P; 17. Ans: (d)

Sol: For isothermal process: T =c¢ Sol: LFP = Lower fixed point

= PiVi=PVs UFP = upper fixed point
pzzp{llj C-LFP _ 0-300
2 UFP-LFP 100-300
As per fig we can say T; > T» C-0 _0-300
v 100—-0 100-300
= P;>P........ (V—;<1j C = 150°C
v P,
18. Ans: 26.77°C
vl P, Sol: ty =a + bty + cts’
ta =0°C; tg = 0°C
V, k- ta = 100°C; tg = 100°C
R ta =51°C; tg = 50°C
T 0=a+bx0+cx0
(2) For isochoric : V=C La=0
v P, 100 = 100b + 10% ¢ x 1
P, 51=50b+2500c¢c x2
) 1 102 =100 b + 5000 ¢
- 100 =-100b =+ 10000 ¢
‘ —5000c=2
BoohooT c= 2 - _4x10"
5000
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50 b+ 2500 ¢ =51
50b + 2500 x (—4x10™) =51

50b=51+1
b= 32 1.04
50
L ota= 104 tg— 4 x 10757
tg =26°C
ta=1.04 x26 -4 x 10 x 26
=27.04-0.2704
=26.77°C
Unless the constructional features of

thermometer are given it is difficult to say

which thermometer is correct.

19. Ans: 21.6°C

Sol: Given relation t = an(K) + b
K is 1.83 at ice point = t=0°C
K is 6.78 at steam point = t =100°C
As per given relation, t=a /n(K) +b

By condition 1 = 0=a/mn (1.83)+b
0=0.60a+b

By condition 2 = 100 = a/n (6.78) + b
100=a1914+b=a=76.10

20. Ans: 550°N, —50°C
Sol: Freezing point of ice = 0°C = 100° N
Boiling point = 100°C = 400°N

Let new scale be given as

N=at+b
100=a(0)+b
- b=100
400=100a+b
T a=3

when t = 150°C
N =3(150) + 100
N =550°N

The new scale N and Celsius will be same if

t=3t+100
~2t=100
= -50°C

21. Ans: (b, d)
Sol: Any gas can have like ideal gas under low

pressure and high temperature.

22. Ans: (a, b, d)
Sol: Mdx + Ndy

M N ..
b= —45.66 If M = g— then the function is property
: X
= By putting value of a & b
vol N_P_R
£=76.10 In K — 45.66 @ M=z, N==—
(K =2.42 given) oM  ON o
—— =——=0 hence it is property.
= t=21.6°C ov 0oT
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23.

Sol:

24,

Sol:

) M=, N=_ =
T P R
a—M—é—N—O hence it is propert
ov  oT Propery:
@ M=, N=Y=%
P T P
oM ON .
—— # —— hence it is not property.
7 op property
1 R
d M=—, N=—
) P A
oM ON ..
—— =——=0 hence it is property.
v op property

Ans: (b, ¢, d)

Specific enthalpy, pressure and density are

independent of mass hence they are

intensive properties.

Ans: (b, ¢)

Mass fraction of O, = . B =0.1
3+5+12

Moles of O, = 3(3)% =93.75

Moles of N, = % =178.57

Moles of CH4 = % =750

.. Mole fraction of O,

25. Ans: (a,b,d)
Sol: The correct statement for concept of
continuum

e A continuum is a body that can be
continually subdivided into infinitesimal
elements with properties being those of
the bulk material.

e concept of continuum losses its validity
when mean free path of molecules
approaches dimension of vessels

e In high

continuum losses its validity.

rarefied gases, concept of

e For gases continuum is not always valid

26. Ans: (a, b, ¢)
Sol: The classification of pressure thermometers
are

e vapour pressure thermometer

e liquid filled thermometer

e gas filled thermometer

27. Ans: (a,b,d)

Sol: Boiling  temperature, @ Molality  and
Refractive index are independent of mass

hence they are intensive properties.

28. Ans: (b, ¢)
Sol: For an ideal gas mixture:

e Mole fraction = volume fraction

93.75
- 93.75+178.57 + 750 e Mole fraction = ratio of moles of
=0.092 component to total moles
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Chapter
2 WORK AND HEAT

01. Ans: (¢)

Sol: Heat engine cycles as shown in figure.

VQ=QR, PQ=Q5,
UP =PR =RT
P“ =X > X »>
W - v
T S ’'y
4 )¢ L I
T f y
Y|
W | Ty

Work interaction for ‘WVUR’= 48Nm
Area WVUR = 2x x2y =48

=>xy=12
From similar A" PQR and PST
QR _ST
PR PT
1
T-T oy=2y
X 2X

Work interaction for A ‘PST’

Loeie L _
5(2x)y = 5 (2x)(2y)=2xy

Thermal Engineering
02. Ans: (d)

Sol: pt 14 n=o

n=0

03. Ans: (b)

Sol: Process 1 2 3 4
dQ(kJ) 300 0 -100 0
dW(kJ) 300 250 -100 -250

Heat supplied Qs =300 kJ

Work of expansion, Wg =300 + 250 = 550 kJ
Work of compression, W¢ = 100+250 = 350 kJ
Wiet = Wg — We =550 - 350 =200 kJ

Wne
T.Ithermal = i . = 067
Heat supplied
Work ratio = Woe =@:0.36
W, 550

04. Ans: (¢)
Sol: (a) W.D in polytropic process
_(PV, -PV;)
(n-1)
(b) W.D in steady flow process =— J.VdP
(c) Heat transfer in reversible adiabatic

Process = zero

(d) W.D in an isentropic process

=2x12=24Nm _PV,-PV,
(v-1)
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05.
Sol:

06.
Sol:

07.
Sol:

08.
Sol:

Ans: (d)

Given

For isothermal process
P,Vi=P,V,

P
= PV, =—1x0.55
10

= V;=0.055m’

For adiabatic process

PivI=PV/
= P] V11.4 :iXVZIA‘
10
= V)* =10x(0.055)"* = V,=0.284 m’

Ans: (b)

Adiabatic - n =

— O |ﬁo

Isothermal — n =
Constant pressure - n =0

Constant volume — n = o

Ans: (d)

No. of degrees of freedom in diatomic
molecule =5

No. of degrees of freedom in monoatomic
molecule =3

No. of degrees of freedom in Triatomic

molecule =6 or 7

09.

Sol:

10.

Sol:

For isothermal process, PV = C
log (P) + log(V) = log(C)
log(P) = log(C) —log(V)

Compare it with y = C + mx

m; =-1

For adiabatic process
PV'=C

= log P +ylog V=1og C

= log (V) =1logC —vylog V

Compare with y = C + mx
mp = —y

= m; <mp

Ans: (d)
The ratio of C,/C, for a gas with n degrees

of freedom is equal to 1+g
n

Ans: (¢)

C, ; Cv ; v ; values are constant for ideal
gases

Cp ; Cy values increase with temperature for

Real gases.

G

/: CV

CP} Ideal gases
_ Cv
— Y

Ans: (a)
Temp. —
The slope of log P — log V graph for a gas
for isothermal change is m; & for adiabatic Where as “y” value decreases with
changes are m; if gas is diatomic gas temperature.
w ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
online Affordable Fee | Available 1M [3M |6M |12M |18M and 24 Months Subscription Packages




"

o
/4 N}
v v
v v
VN .Y Engineering Publications

Thermal Engineering

11. Ans: (b)
Sol: P=320W

In 30 days the refrigeration runs is
= 30><% = 7.5 days

So total consumption of a month in Watt-hr
1s
=320 x 7.5 x 24 =57600 W-hr
=57.6 kWhr
So the electricity cost per month
=57.6x0.09 =Rs. 5.184

12. Ans: (d)
Sol: Work done = Area enclosed in Pv diagram
W = Area of AADC + Area of AABC

Area of AADC = %x (6-2)x(4-1)
= 6 bar-m’ = 600 kN-m
Area of AABC = %x (6-2)x(6-4)
=400 kN-m
. W = (600 + 400) kN-m = 1000 kN-m

13. Ans: (d) &

14. Ans: (¢)
Sol: P; =100+ 101.325=201.325 kPa
T;=288K,
V;=2500 C.C
SRV 201.325x10° x2500x10°°
R T, 287 x 288

= 6.089x107 kg

As volume is constant, dW =0

- dQ=dU=m CydT
=6.089x107° x0.718x10° (15-5)
=4371]
P,

T

— |:c

T
P, = Pressure on day of play =P, ><T—2
1

— 201325218
288

= 194.33 kPa (absolute)
Gauge pressure on day of play
=194.33 -101.325
=93 kPa=0.93 bar

P, = Pressure to which it must be inflated

N5

Tl TZ

P, 201325
288 278

P, =201.325x £88 =208.56kPa.
278

Gauge pressure to which it must be inflated
on previous day

=208.56 -101.3

=107.24 kPa=1.07 bar

15. Ans: (a)
Sol: Work done in isothermal process
=PV, énL
v

1

=500x0.8 xﬁn(%j:— 831.77kJ
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16. Ans: 251.62 k
6. Ans:251.62 kJ — R(1050/n3)=1153.54R <L
Sol: m=1.5kg, P, =0.1 MPa, kg
p1=1.16kg/m’>, P,=0.7MPa 1 -3 Process
W=PV, m[L] ~ Plvlfzn(&] P=C
Y i V.V, Vv, T T,
T, T,'V, T, T
V, = =1.293m’ s LoV L
Pi AsT;=T,
W—01><1000><1293><€nE T
e ’ 0.7 3W3 = P(V1*V3) = RT3 [T—l — 1}
3
=-251.62kJ
.. Work done by piston is 251.62 kJ = IOSOR(é - lj
17. Ans: 130.16 kJ/kg =700 R kl/kg
Sol: 1 N Whet = 1W2 T 2W3T3W)
=0+ 1153.54 R—700 R
T=C
V=C =453.54 R kl/kg
bopci =453.54 x 0.287 = 130.16 kl/kg
v
1 -2 Process
18. Ans: 2356.2 kJ/kg
Ti=350K Sol: (1cm), = 300 kPa
L:}):E (1 cm), =0.1 m’/kg
T1 Pl 2
I cm” Area = (1cm), x(1lecm)y
T2=3x350=1050K =300 x 0.1 = 30 k/ke
W2 = 0
Area on P-V diagram = A = %Dz
2 -3 Process o
. ==—x10
2Q3 =2W3 = RTsz‘l—2
P, =78.5 cm®
=RT,/n3 Net work = 78.5 cm’
=78.5 x 30 = 2355 kJ/kg
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19. Ans: 29.7kJ m =10 kg, Vi=1n’,
Sol: A=0.12m’ Vo=10m’, T=293 K,
P, =1.5 MPa = 1500 kPa a=15.7 x 10* Nm* =157 kNm*
P> =0.15 MPa = 150 kPa b=1.07x102%  R=0278kl/kegK
[=03m W.D = (10)(0.278)(293)
A 1 _ -2
P I 10 (1.07><1(L) 157 i—l
: 1-(1.07x1072) 10
| W.D =1742.14 kJ
! )2
- —V 21. Ans: 686.62 kJ
V[ V2 2
. Sol: Poc D
1W3 :E(P1 +P2)VS , Vs =V, -V, P, = KD12
| P, = KD,?
= W, =Ex(1500+150)x (0.036) P,=100kPa, D,=1m
. _ 2
(V= Al=0.12x 0.3 = 0.036 m’) N R
P, = 350 kP
—  W2=297K] 2= 350 kPa,
Dz =9
2
20. Ans: 1742 kJ L D—‘z
P2 DZ
Sol: Given {P + iz} (V—-b)=mRT 2
V DZ = Dl _2
a mRT P,
V2 (V-b)
_ 20 =1.8708m
_ mRT _a 100
(V-b) V?
v, v, Volume of balloon
W.DzIPdej{ i/nRz —%} :
Vi Vi ( ) V: iTCR3:£TCX 2
v 3 2
V—2+1 2
W.D=mRT /n[V -b]}? —a[ } 4 D
' ~2+1 = —XTTX—
! 3 8
W.D = mRTﬂn[VZ "bjﬂ{l—l}
V,-b vV, V,
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V= ED3 For state 1 ‘N,’:
6 P;=100 kPa
4V = 3x T DD V1= Total volume — vol. of water
=4-05=35m
~ "D For  state2 (‘Ny’):
2

V,= Total volume — vol. of water

_ 23
—deV jKDZ Ip2dp =4-1=3m
o 2 Condition: Isothermal process

_ DfEnD“dD = Fromeq" P,V =PV,
> _ p _BVi_100x35
_lgf%%x x D*dD < \5 3
1
e = P,=116.67 kPa
= 50n— V, 3
5 ) 1W2:P1V1h’1 —= =100 x 3.53x In| —
v, 3.5

w, =10n[1.8708° =1°]

= W=-5442kJ
= 10122.9159 — 1] = 688.16kJ

Here ‘—ve’ sign indicates compression of N;

so system volume decreases
22. Ans: 116.67 kPa, 54.42 kJ

Sol: Given, m, =500 kg

23. Ans: 320 kPa, 13 kJ
Total tank volume, V=4 m’

Sol:
§ | Pant
Tom
3m’
. Vi =0.05m’,
P, =200 kPa,
P, = 100 kPa A 095
=0.25m",
my, = 500 kg, py = 1000 kg/m3 b
500 Spring constant, k = 150 kN/m
For state-1, V= ——=0.5m _ _ _ 3
1000 V,=2V;=2x0.05=0.1m
For state-2, my, = 1000 kg, V =1 m’
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_V,-V, 0.1-0.05

dx 0.2m
A 0.25
PIA=PamA l P | Ik
Pl = Patm
Tom

Final force = Initial force + spring force

PzA: PlA + kdx
P, = P1 + kd—X
A
= 200+150x% M
0.25

=200+ 120 =320 kPa

4

P(kPa) / 320

200

X > V(m®
v, v, (m’)

Work done = —(320 +200)x 0.05 = 13kJ

N | —

24. Ans:2.5KkJ

0.2m
l gas gas

V.
Spring compression
%/ pring p
.

I,=0.2m ——> Piston Expansion
} So spring compressed
0.2m

Find: Total W.D
Here rigid cylinder so area will be same
AhL=3 Al

lL=3l

= 5L=06m

= V,=0.03 m’

Total work = [work of gas + (work of spring

due to expansion by heating)]

(Due to expansion of piston, spring is

Sol: Given P,=0.1 MPa= 100 kPa compressed)
V= 0.01m> ; 1 s
\ = PdV + —Kx
A;=0.05m 2
vV, 0.0l 1 s
=>h=—-1t=—"+ =P (V,-V))+ —=(25)(0.2
A 005 (V2-Vy) 2( )(0.2)
[ constant pressure process]
=1 1=0.2m 1
V, =3V, =100 (0.03 —0.01) + 5(0'2)2(25)
Total work =2.5 kJ
¥ ace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams
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25. Ans: 0.079 N-m, 6.95 W

Sol: Chapter
3 First Law of Thermodynamics
I:l__g Pam=101.325 kPa
d=0.4m fe———

01. Ans: (¢)
d=04m, N =840 rpm Sol: \

time = 600 sec ¢ > B

W=2KkJ, /=0.485m, Pressure

p
Wyt = Piston expansion work — Wtirrer T P
2 =PdV -W; -

A D

2=(101.325) Al - Ws Volume ——
2=(101.325) [3(0.4)2 x o.485j ~Ws
Along A-B-C:

Ws=4.175kJ
QaB —Wap=Ux_p
= Power = Ws =M 180 —130=Ug -U
Time 600 NG
—U.=50k
=6.95x 107 kW =6.95 W Us =Ua =50k
Al A—-D-B:
Now. po 2 2ENT =
ow, Pg = 0 Qa-B—Wap=Uxs_B
Qas=50+40=90kJ
T= 60P _ 60(6.95) — 0.079 Nm
2N 2x3.14x 840
02. Ans: 200 kJ
26. Ans: (3,0) Sol: For 1-2 process
Sol: Work done = nRTfn[ﬁJ 1Q2 — 1 W= U,
Vi = 100 — 100=U, — U,
=3x8.314%x300 fn(%} = U,=U;

=-5186.54 =~ -5188 kJ

For isothermal process,

For 2-3 process

A\ 2Q3 - 2W3 = 2U3
g : 5188 kJ = — 150-,W3=U3-U, = Us -U;=200
2 W3 =-350kJ
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For 3 — 4 process (d) dW =-ve
3Q4—3Wy=3Uy4 dQ = 0 (Adiabatic)
3Us = (Uy —=Us) = (Us —U))—(Us-Uy) dU =+ve
= —(U1-Us)—(Us-Uy)
=—50 —200 = —250 04. Ans: (e)
3Qs=3Us =250 ......... (1) Sol: m=60kg, P =200 kPa
For 4 — 1 Process T=25°C, % =08kwW
4Q1 —4Wi=4U;=U;- U, t =30 min = 1800 sec
4Q1—300=150 Well sealed = control mass
4Q1=350kJ (Non-flow process)
2Q=1Q2+2Q3 —3Q4+ 4Qy dQ —dW =dU
=100 — 150 =500 + 350 = -200 kJ @xt—d—th=vadT
(" XQ=2XW) dt dt
>W =100 -350 —250 + 300 = —200 kJ 1800[0.8 —(=0.12)] = 60(0.718)(T —25)
T =63.4°C
03. Ans: (¢)
Sol: (a) dW =0 (Rigid) 05. Ans: (c)
dQ =-ve Sol: P; V] =P¢ V/
dU =—ve Pi (5)=Pr(4)"
dQ —-dW =dU For adiabatic process
- -
P. \5) \5/\5) 545

(b) dQ =0 (Insulated)
dW =+ ve (Expansion)

- dQ—dW=dU 06. Ans: (¢)
0 —dW = dU Sol: P; = —-0.25 kW (- ve sign indicates it is a
dU = —ve power consuming device)
P,=-0.12 kW
(¢c) dW =0 (Free expansion) P;=-1kW
dQ = 0 (Insulated) P4=-0.05 kW
=dUu=0 Temperature = constant
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(Isothermal process)

dQ=dW (--dU=0)
dQ = —(0.25+ 0.12 +1 + 0.05) x 3600
=-5112 kJ/hr

07. (i) Ans: (b), (ii) Ans: (¢)
Sol:
(ii) Ideal gas stored in Rigid insulated Tank.

Total volume of Tank V, =3m’

State 1: Tank has two compartments.
State 2:

Partition  between two  compartments
Ruptured

R LTI
5 . I T=300K | T,=1000K
2 ety P Z
4 P2 B Fvem | Vot P
g Ti=? c— _ Z
I P1=0/IMPa) P2 =1 MPa Z

TITTTTTTITTTTTTITTTTITT 77777
PV =mRT

RT
= s :IV
=PV=m (.R M)

m

M

By equation PV = nRT
=PV, =n,RT,

— PV = nﬁT('.‘ n=

PV, 0.IMPaxIm’

=n, — =
RT,  8314x300K

_ 0.1x10°kPa x Im’
8.314x300

= n, =0.040 moles

P,V, 1x10°x2

RT, 8314x1000
nr=n; +ny =0.04 + 0.24 = 0.28 Moles
Vi=V;+V,=3m’

Here rigid & Insulated tank given

=dQ=0, dW=0

(v Rigid= V=C=dW =0)

For n, = 0.24 Moles

= By 1" law

dQ—-dW =dU=C,dT =0

Here dU, +dU, =0
=n,C,dT +n,C,dT =0
=n,Cy (T, =T,)+n,C, (T, - T,)=0
0.040C,, (T, —300)+0.24C,, (T, —1000) =0
= C,(0.28T, —241.2)=0
= T; ~ 900K

Again
= PVi=nR Tt
n,RT,  0.28(8.314)(900)
v, 3
=700 kPa
= P¢=0.7 MPa

=

Pf:

08. (i) Ans: (a), (ii) Ans: (b), (iii) Ans: (b)

Sol: N
P

P3 r=-

V=C

<

P,=140kPa

—— 2
1 '

V,=0.028m> V,

A%
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Given: = 3Q;=3U;=-264
Process 1-2: (P =), = 3Q,=-26.4KkJ
P, =14bar, V,=0.028 m’, W,_,=10.5kJ .
p 23 (PV=C) For checking answer
rocess 2 — 3: =Q),
Us=U, 2Q=1Q2+2Qx +3Qi
Process 3 —1: (V =), ZQ=-8.28kJ
Ui—Us=-264KkJ ZW=1Wa 2 W5 +5W,
= XW=-828KkJ
Process 1 —2: (Constant pressure)
~ 0 Wi = U = XQ=XW (First law proved)
12— Wi-2=Uj»
Given 1W2 =10.5kJ = P(Vz '—V1)
W=, (v, P 09. Ans: 69.3 kJ, 131.831 kJ
-2~ P1 (V2 5V Sol: Air : A
= 10.5= 140(\/32 - 0.028) P, = 100 kPa P 2
= V,=0.103
2 m T, =300K T=C
Us;=U, & U; — U; =-26.4k] 5 V=C
Vi=0.75m 1
= U;-U,=-26.4kJ 3
T, =400 K .
= U,-U; =26.4KkJ v
1—2 Process: V=C
= 1Q=1U+ W,
P P
= 1Q,=264+10.5 L=_2
Tl T2
= 1Q2 =36.9 kJ
T 400
Process 2 — 3:(Isothermal Process) P, = ?2 xP = 00 x100=133.33kPa
= Qi3 —-Wia3=Us; 1
Hence T=C = ,Us; =0 |
\V4 V3 =1.5 m3
= Q23 =Wao3=P,Voln—
Q23 = WaamRVolngy W2=0(" V=0)
_ 140><0.1031n(MJ __BV,_ 100x0.75 _ oo
0.103 “RT —V.OMIKE
RT, 0.287x300
Process 3 — 1:(constant volume) =0.871 x 0.718 (400-300)=62.54 kJ
sW1=0 2—3Process T=C
= dQ-dW=dU P,V, = P3Vs
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P =P, x~2 =13333x 27> _ 66.67kPa
v 1.5

3

Vv
2W3 = 2Q3 = P2V2€n73

2

=133.33x 0.755111'—5 =69.313kJ
0.75

1W3=1W,+,W3=0+69.313=69.313kJ

1Q3 =1Q2 +2Q3
=62.54+69.313 =131.853 kJ

10. Ans: 516 kJ, 2454.3 kJ
Sol: m,;; =3 kg, P; =200 kPa,
T, =27°C=300K, P, =400 kPa
P 2 3
M
T,=300K
my; =3 kg 1
A\
1-2(V=0)
& = ﬂ = T,=600K
300 T,
P1V1 = mRT1
V= 3%x0.287 %300 —12915m°
200

V=V, =12915 m’,
V;=2V,=2.583m’

Work done =0+ P x (V3-V>)
=400 x 1.2915=516.6 kJ
1Q2 = mc, (To-T))
=3 x 0.717 x (600-300)
=645.3kJ
2Q3 =2W3 +,Usz =m cy(T5-T»)
=3 x 1.005 (1200-600)
= 1809 kJ
Total heat transfer = 645.3 + 1809 = 2454.3

11. (i) Ans: (d), (ii) Ans: (a), (iii) Ans: (d)

Sol:

A 3

T,=—TI1
4

ZF—A 1(T))
1
3 T3=ETI

>V
Process 1 —2: (P =C)
i_V,
T, T,
3
’r
Yol 41 3
Vl T1 Tl 4
1Q2 =1 W2 =1U,

1Q2 — P(V2 —Vl) = (Uz_Ul)
51Q2 = Cy(T, =T+ P(V, =Vy)

2-3(P=C) T
=CvTi| 2-1|+PV, ﬁ—l
V,_L T, V,
VvV, T, 3 3
T =CGvTy (——1)+PV1(——1]
2= _3 4 4
60
T;=1200 K
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= l(c T, +PV,)
4
1
———(C, T, +RT,)
4
1 -1 C,T
- (R+C ) _TICP: o
4 4 4
Process 1 —2:
W2 =P(V,-V))
| 4
Process 2 —3: (V = Constant)
2W3 =0
2Q3 =,U3 =U3 -U,
=Cy(T; - Ty)
2 4
:—Cle l
4
_ _Cle
4
1Q3=1Q2 +2Qs3
_ _CPTI +_CVTI
4 4

-T T
= TI(CP +Cv): (CV"_CP)T1

P=a+bV
u=1.5Pv-285
1000=a+0.2b ......... (1)
200=a+1.2b........ (i1)
By solving

b=-800

a=1160

P=1160 - 800V

v, v,
(ii) 1W2= [PdV=[(1160—800V)dV

Vi Vi
1.2
= [(1160 -800V)dV
0.2
= 1160(1.2—0.2)-400(1.2% — 0.2%)
=600 kJ
(iii) u=(1.5Pv-85)klkg

—(1.5PY _ 85) ki/ke
m

i 1.5PX -85
m

N 1.5Pl -85
1.5

= (Pv - 85) kl/kg

u; = P1V1 -85 =1000x0.2—-285
=115 kl/kg
12. (i) Ans: (c), (ii) Ans: (¢), (iii) Ans: (b) u=P,V, -85 =200x1.2 -85
Sol: =155 kl/kg
m=15kg, U — u; = 40 kJ/kg
P, = 1000 kPa, P, =200 kPa, 4U = m(us — )
Vi =0.2m’, Vy=12m’
=1.5x40=60kJ
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dQ-dwW=dU
dQ =60 + 600 = 660 kJ
u=Pv-285
=(a+bv)v -85
=av + bv? — 85 = f(v)

For Maximum internal energy

du

=

—a+2bV=0

=22 2100 s s

2b —2x800

Umax = (1160x0.725) — (800 x 0.725%) -85
=335.5 kJ/kg

Umax= M X Umax
=1.5x3355
=503.25 kJ

13. Ans: (b)

Sol: For process1-2:(P=C)
= W2 =Pi(V2-V))
= W, =100 x(0.3 — 0.003)
= W, =29.7k]

By I’ law
1Q2—'W,=E; -E
= 0-29.7=E;-E,
(v 1Q2=0)
-29.7=E; -0
E,=-29.7kl]
By Process 2 -3
2Q3 —2W3=1E;=E; - E»

2Q3 —P(V3-V,) =E; -E,
—105 -100(0.06—0.3) = E3; —(-29.7)
E;=-110.7kJ

14. (i) Ans: (a), (ii) Ans: (b)

Sol: Cp=2.093 + 487 1o
t+100
P=1 atm
V,=2000cm’ ; T;=0°C
Vo=2400cm’ ; T,=100°C
Here, Cp = J/°C form it should always in
J/kg °C form

So Cpxkg=1J/rC

= Sp. Heat x mass = Heat capacity

T2 100°C
) dQ=[C,dt= | {2.093+ 41.87 }dt
J e t+100

=[2.093t], + 41.87 In[t +100],"

— [2.093(100)] + [41.87 In(200) — 41.87
In(100)]
—209.3 +[221.8 — 192.81]
dQ=238321

Here constant pressure is given

(i) = (W2 =P (V2= V) =Py (V2= V)
=101325(2400 — 2000)x 10

‘W, =40.53 ]

dQ — dwW =dU

dU = 238.32 — 40.53

dU = 197.79]

U

U

¥ ace

Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert

online

Affordable Fee | Available 1M |3M |6M [12M |18M and 24 Months Subscription Packages




@ £AN m v 21 Thermal Engineering
15. (i) Ans: (a), (ii) Ans: (b) , (iii) Ans: (a) m = 0.42 kg/sec
Sol: h; =3000 kJ/kg ,
hy = 2762 kl/kg 1/
Vi=60ms,  Oansyy
aw
Vo= g > —Ca
A;=0.1m",
V2= 0.498 m¥/kg dQ _ dQ\¢\
_ 3 dt === 020kW |
vi=0.187 m’/kg dt 4
Applying steady flow energy equation
v dQ V24w Applying steady flow energy equations
2000 dt 2000 dt m{hl . _1} dQ
s 1000 2000 dt
= 3000+ 90" _ (2760)4 Yo
2000 2000 . VvV, Z,g| dW
=m h, + + +
= V,=692.5m./s 2000 1000 | dt
. AV, ALV, 2
="l = 0.42| 2785 + 3(9'81)+ (33.33) -0.29
1 2 1000 2000
(0.1)(60) kg
=————~=>m=32.08— 2
0.187 sec = 0.42[2512+ (100) +O}+d—W
Find, A;=? 2000 dt
sm=frYe s oIV =W 251 kw
v, v, dt
_32.08x(0.498)
2 692.5 17. Ans: (a)
= Ay=0.023 m Sol:
(2)
h, (kJ/kg)
16. Ans: (a) T (h, —h,) = 30 kl/kg
Sol: Given:
dw
P=12MPa, P,=20kPa, T=188°C, T~ 0k ke
Vi=3333m/s,  V,=100 m/sec. dm
Z,=0m, Z,=3m,
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dW = -90 kN.m/kg = —90 kJ/kg
(hy-hy) = 30 kl/kg.
dQ _

40kJ/kg
dm
Heat rejected = dQ = ‘-Ve’

According to Steady flow energy equation,

19 2
dm/, \dm), dm

(o), =00 G G,

dm dm \dm
=30 -90 —(-40)
=-20kJ
(—ve sign indicates heat is rejected from the

system)

18. Ans: (b)
Sol:

kJ

h=80 kg/h m=_80—
m g/hr hr

SO0

—>_ =

R]
hi=h —gad 50X
1 i ke i i i i h, 59kg

j =0.18x2=-0.36 kW
fans

j =3x0.1=-03kW
Bulb

e Zlae Zle
E:‘g &‘g &‘g

j — 036+ (- 0.3) = —0.66 kW
Total

[@j —630x4 = 2520kJ / hr
person

[@j _
dT R cooler '

By steady flow energy equation

mh, + (i—Qj + (d—Qj
t person dt RCooler

. dW dwW
=m, h 5 + d_ +| —
t fan dt bulb

80x84 2520 (dQ
e
3600 RCooler

3600 dt

_ 80x59
3600

:(d—QJ =-191kW
dt e

Heat is removed from a cooler is 1.91 kW

+(~0.66)

19. (i) Ans: (a), (ii) Ans: (a)

Sol: m, = 0.01kg/sec h; =2952 kJ/kg

h, =2569 kJ/kg.K
h; =420 kJ/kg

V, =120m/sec

m, = 0.1kg/sec
m, = 0.001kg/sec
Vi =20m/sec

Engine
Fluid ] =——

=

Fluid 2

——> Fluid 3

———>Fluid4

I

1/hair enter = 80 kg/hr

hy =84 kJ/kg (1) Mass balance

hy =59 kJ/kg Mass entering/sec = mass leaving/sec
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m, +m, = m, +m, 21. Ans: (a)
= 1, =0.109 kg/sec Sol: For PV" = constant, work done by the gas is
.=0.
(2) Energy balance given by,
V2 V2 dQ W — nRAT — P2V2 _PIVI
m,| h, +—— [+m,| h, + —— |+ — I-n 1-n
2000 2000 | dt
3 .
dW Here n = 5 therefore we can write
=m,h; +m,h, +d—
W= P2V2 _PIVI
Here d—Q= 0 1
dt 2
2 2 e _
0.01[2952+ (20) j|+ 0.1{2569+m} o 2(P1V1 PZVZ)
2000 2000
=(0.001 x 420) + (0.109 x hyg) + 25 22. Ans: (b)

— hy = 2401 kJ/kg

20. Ans: (¢)
Sol: :
m,, =2kg/sec ¢, =4.187kJ/kgK
‘lel 5°C WATER { T,=Exit temperature
L—J of water
——> Q=40 kJ/sec
AIR I
0,=100°C | 0,=20°C

m, =3kg/sec , ¢, =1.005kJ/kg.K
Heat lost to surrounding = Q; = 40 kW
Heat lost by air = Heat gained by water +
heat lost to surroundings
l’i’lacpa (el - 62) = 1’hwcpw (T2 - Tl ) + e1
3x1.005[100-20] =2 x 4.187(T, — 15)+ 40

T :15+241.2—4O

) =39.02°C
2x4.187

Sol: In adiabatic process,
AQ=0and AU # 0
Using the first law of thermodynamics,
AQ=AU+W
= AU=-W (W is the work done)
As the gas is compressed, W <0
Therefore, AU > 0

Hence, AT>0
23. Ans: (a)
Sol: Ve=Vi=15cm’ NI
Vco =V, = 1500 em® é g
P, = P, =20atm E V,=1500cm’ 2
T, = 40°C Z z

LIT7T77777 77777777777,

= dW =0 (Free expansion)
dQ = 0 (due to insulation)
By 1% law dU =dQ—dW
=dU=0=C,dT =0
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= dT =0 = T= constant
- Chapter
Temperature = constant (Isothermal) 4 Second Law of Thermodynamics
= Plvl = P2V2
= 20x15 =P, x1500 01. Ans: (b)
= P, =0.2atm Sol:

24. Ans: (d)
Sol: Given here, AQ =0
From first law of thermodynamics,
AQ =AU+ W
where, AU is change in internal energy and
W is work done.
We have, AU = -W
W = Area under P-V curve = [Pdv
Here, volume decreases, hence work done
by system will be negative,
AU = -W =(30x10° x150x10™")
=4500x 10
=45]

25. Ans: (a, b, ¢)
Sol: Steady flow occurs when
e Behaviour of the system are unchanging
with time.
e For a properties ‘P’ of the system,
oP/ot = 0.
e The first difference in each property is
zero (P — Py =0)

02.
Sol

03.
Sol

Net work = net heat for a cyclic process —
First law, not second law.

Impossible to convert all heat from a single
reservoir into equivalent work in a cycle —
Kelvin—Planck statement of second law.
Impossible to reach absolute zero in finite
operations — Third law of thermodynamics.
Impossible to transfer heat from a colder body
to a hotter body without other effects —

Clausius statement of second law.

Ans: (¢)
: Given: H.E T

Nyp = Lo _Q2Q  iokw—q,

Tl Ql
H
1200-300 40-Q,
1200 40 7 Q. =7

= Q;=10kW T

Ans: (¢)
:Given: Electric power generating station

means H.E.

Q=36 x 10* kJ/h
W= 400MW
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@ .MQE. 25 Thermal Engineering
Q -Q, W 06. Ans: 4
Mwe == 5 T+ C
e Q, Q, Sol: For adiabatic process, PV’ = constant
= Q=Q-W We know, density p = — o>
¢ KJ volume
Q2=36x10" ——-400MW
h P
we have — = constant
8 p
= 360wy~ a00mw ,
10003600 Given here, P2 -3 and Y=—=
= 1000MW —400MW Py S
Q> = 600MW The ratio of temperature using ideal gas
equation is
04. Ans: (b) %z PV :%xﬂ:%
. v
Sol: T, = 900K A &
Thus, T,=4T,
07. Ans: (a)

Sol: PMM I — A machine which can supply
mechanical work continuously without

consumption of any energy. So, statement

_ Power(kW) _ W(kw) (2) is wrong.
Q (kW) o (kgj \ V(k]j After eliminating statement (2) only one
"\sec kg option is available i.e., option (a).
50
= =0.8
08. Ans: (c
3 475000 ©
3600 Sol: | Q,= W, +, U,
T,-T, 627-27 PV —P.V
= = =0.67 =11 272 -
Ne T 900 — +C,[T,-T,]
> 1. = Not possible R
e P =—[, -1, ]+ —[1, -1}
— 'Y f—
05. Ans: (b) | 05 = nfil [T, -T,]- W{li_l [T, - T, ]
Sol: (COP), =— & = =22 _ 33
uf 0.75 1 1
SLIUT [
n-1 y-1
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1N=(n- 11. Ans: (d
_ R[Tl —Tz] (y 1) (n 1) (d)
(n—1)(y-1) Sol: cop< NRE _ NRE _ NRE
~ ' W,  680kWhr 680x3600
= —122 [R(T, - T,)] _ _
-1y -1) — NRE = 680 x 3600 x 1.4 = 3427 MJ/yr
_f=n) R(T,-T,)
(y-1) (n—1) 12. Ans: (d)
Sol:
_| Y—n (W) = 1kW
(r-1) NRE =|4kW Qi = 5kW
» ref >
= Heat transfer for polytropic process
09. Ans: (¢) Q=Q;=W=1kW
NRE(kW)
Sol: COP = ——F— =0, —
Y We (kW) Net effect = Q; — Q,
=5—-4=1kW (heating)
~ 10 4.187x10°x(23-6)
3.1= X
3600 We 13. Ans: (d)
We=64 W Sol: Given
Ng = 04 y Q, y Qs
10. Ans: (a) Q,+Q, =3Q, @9—'_69
Sol: COP=3.2, m= 1200 kg, w
- _ Qs = QW
P=5kW Q-0 Q,=0.6Q, :‘*(23+OfZQ1 Y
COP = M NE = Q, Q. Q
We (kW)
4Q,=Q, -Q,=
WC(kJ) = Q2 = 06Q1
_ 3, 12000.718)(22-7) Q, +Q, =3Q,
WC = 0.6Q1+Q4 = 3Q1
= Wce=4169kJ = Q4=24Q
. WC (k]) Q3 = Q4— W= 2.4Q1 — 04Q1 = 2Q1
= Time = m Q )
¢ (COP) = = 2 _
_ 4169(kJ) _ 834 W 0.4Q,

= =13.5min
5(kJ/sec) 60
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14. Ans: 0.667 MJ 16. Ans: 86 kW
Sol: | Sol: T,=1000K
w
n- Q_ 2 QW
1 Q) = 50kW Q:=2Q,
03= E
Q,
W=03Q, |
2Q,
Q
(cop), :SZWZ |
T,= 300K ‘
=, =M 667Mm ‘
5x0.3
nE = 04 X nCamot
15. e b
Sol: 243 K 04x -2 ="
T, Q,
Y. (1000-300) _ W
1000 Q,
QW .o W=0.28Q;
| Q2 7 Ql -W
=Q; —0.28Q; =0.72Q,
nE=T L, W Q,=0.72Q,
T Q Q=2+ W
4732303 _ W\ (3500; = 1.44Q, +0.28Q,
473 Ql Q3 - 1.72Q1
T
(cop)y - T L
T,-T; W 0.280Q, T, —300
243 _ Q3 T; =326 K
303-243 0.359Q, If Q, = 50 kW
=2Q,+W
B4 Q=2
Q =2 x0.72Q; + 0.28Q,
Q =1.72 x 50 = 86 kW
=L =-0.68
3
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17. Ans: 15.168
Sol:

W=Qi-Q:

Q> = 20 x 420 = 8400 kJ/day

(COP )actual = 0 1 5 (COP )max
0 5x—12 R
T,-T, W
o5 2758400
303-275 AW
= W=5701kJ
5701

1 kW hr = 3600 kJ=—-—=1.58kW hr/day
3600

Electricity bill
= No. of unit/day x No. of days x cost/kWhr
=1.58 x 30 x 0.32 =15.168/-

GATE - Text Book Solutions
60,000 294
\\% 294 — 263
W =6326.5 kl/hr
Wi _ 63265 _ 1054
W., 60,000

With heat pump, initial investment is high
but running cost is less. With electrical heater
the initial investment is less but running cost

1s high.

19. Ans: Q3 =820 kJ, Q, =-4980 kJ

Sol: Initial diagram:

400 K
+ Q, = 5000 kJ
W=840 kJ
Q Qs
300 K 200 K

For reversible heat engine,

iiQd_Q =0
18. Ans: 6326.5 kJ/hr T
Sol: 5000 Q2 Q3 B
400 300 200
. Q,=60000 kJ/hr Qz Q3 ) _5_0
— 300 200 4
2Q,+3Q, _ 50
600 4
2Q2 + 3Q3 = —S—OX 600
Ql Tl 4
(COP)H P T s
W T -T, 2Q; +3Q3 =—7500 ------ )
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Energy balance
5000+ Q, + Q3 =W
Q2 + Q3 =840 - 5000

Q2+ Q3=-4160 ------- (i1)
from eq.(i)

Q2 =-4980 kJ,

Q3;=820kJ
Final diagram

400 K 200 K
Q. = 5000 kJ Q; =820kJ
W=840 kJ
Q, = 4980 kJ
300 K

20. Ans: (d)
Sol: | a0k | | oo |

6kJ

A
~
—

Q
100 K
For reversible engine,
Sgen = 0
dS(reservoir at 800 K) + dS(reservoir at 600K) +
dS(reservoir at 100K) + dS(working fluid) =0

Chapter
5

01. Ans: (¢)

&
dT ),
Tds = dh — vdp

AsP=c,dp=0
So, Tds = dh

Sol: Cp :(

ENTROPY

02. Ans: (b)

03. Ans: (a)
Sol:

T

4

A

S

P,
) 2 '
. 2
X

_6 8 . Q 4_ 04. Ans: (b)
800 600 100 Sol:

—Q=2.083kJ
Wiet=8+6—-2.083=11917
N, = 11.917 —35%

8+6 3

3 >
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>V

1-2, 1'=2" — constant temperature
2 —3 — constant volume
2'—3" — constant pressure

3—1, 3'-1" — Entropy constant

05. Ans: (¢)

06. Ans: (¢)
Sol:i) Temperature measurement is due to
Zeroth law of thermodynamics.
i1) Entropy is due to Second law of
thermodynamics
ii1) Internal Energy is due to first law of

thermodynamics

07. Ans: (b)

Soly,
P

Slope of constant volume curve is more than
that of constant pressure curve in T-S

diagram. Similarly slope of adiabatic curve is

08. Ans: (¢)

Sol: (dS)system = 0
(dS)surr =0
(dS)univ =0

09.
Sol:

Ans: (¢)

Tds =dU + Pdv.

This process is valid for any process,
reversible (or) irreversible, undergone by a

closed system.

10.
Sol:

Ans: (¢)
Area on T-S graph gives amount of heat

supplied.

11. Ans: (b)

Sol: Clausius inequality deQ <0

:>§d_Q:&_&:@_@
T T, T, 1000 300

dTQ =-0.9kJ/K <0

= Irreversible cycle
Q,-Q, _ 600-450
Q, 600

=0.25 =25%

=>n=

12. Ans: (d)

Sol: Find the cycle of thermodynamic.
T;=285+273=558K
T,=5+273=278K

more than that of isothermal curve in P-V §d_Q - Q_Q
. T T, T
diagram. ! 2
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_ 1000 492 _ . .5 | 4

558 278

§dQ 0.022>0
T

. It is an impossible cycle.

16. Ans: (¢)

17. Ans: (¢)

<<

1

Sol: (dS)Isothermal =mR /n (

VR
I:U —"-U
Ne—

13. Ans: (¢) =mRn|—
Sol: Motor power =5 kW.
T=20°C=293 K 18. Ans: (d)
Due to friction, there is heat between brake
and sho‘e and heat 1is transferred to 19. Ans: (d)
surroundings. Sol: Q=T + pT>
(dS)eur = 9 Powerx Time _ 5x3600 dS=.[ 6—Q=j 8(OLT+BT2)
T 293 T
dS=61.4kJ/K T,
. aén( J+2B(T ~T)
Tl
14. Ans: (¢)
. dQ 20. Ans: (a
Sol: Sgen (Sz— Sl ) — I T 800K ( )
Sol: Sgen=(S2— sl)—jd—Q Q.9
_Q Q _ (1600_1600) 1 1600kJ g T T, T
T, T, 400 800
600 600
400K 0.11W/K
=2kI/K (278) (293)
15. Ans: (b) 21. Ans: (a)
Sol: m. = 100kg Sol: T,=273+15=288K, T,=288.2K
(S2—S1) -
(ds)system = m(SZ _sl) 100(0 1) - 10 % J. g
Here dQ =0
(@ umounting = (82~ S1) =5 = T
surrounding — 2 1 K . Sz— S1=dS = mcpfn(?zj
(dS)universe = (ds)sys (dS)surr 10 5 :
(dS)uni. =5 kJ/K >0 = irreversible process = 8% 4200 x ln( 2288882j =23 W/K
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22. 23.
Sol: Sol: Case - 1:
_>_I:10A MWW >Tatm: 27°C Copper block
R m=600g, Cp=150J/k, T =100°C

my, = 10 gm, Cpy = 0.9 x 10°
With work transfer there is no entropy

change so entropy change of resistor is equal

Lake Temperature = 8°C =T,
Fll’ld (dS)Universe
If Cp is in J/K means mass is included and it

is known as heat capacity.)

to zero. T
(dS) cublock =mCp In == =150 In 281
(dS)Resister = 0 Tl 373
(ds) _ Q _T'Rt_10°x30x1 _ A = (dS) cupioee = —42.48J /K
surrounding T T 300 B
atm atm (ds) A mCP (T2 T1 )
(ds)lmiVerse = (ds)reSistor +(ds)surr0unding H29 T2
=10J/KK _
. = 150—(373 281) =49.11J/K
When it is insulated: 781
I=10A Tam=300K = (dS) Universe — (dS) Cu block + (dS)Hzo
R =30Q =—-4248 +49.11
t=1sec

Heat gained by wire = work done = I’Rt
My, XCpy X(T2~Tam) = I’Rt

10 x 107(0.9x10*)(T, =300) = 10°x30x1
T,=633K
dTQ = MwireXCpwire X M —?

(ds)wire =

=(10x107)x (0.9x10* ) zn[%j

=6.720J /K

(ds)surrounding =0
(ds)universe =6.720+0=6.72 J/K

(dS)Universe =6.626 J/JK

Case-2:

Same block, T, = 8°C =281 K

As it is dropped from certain height, so there
is change in potential energy. Work is done
by the block
Change in entropy due to work interaction = 0
= (dS)block =0

(@) :T%: rr;gzh _ 0.6><92.::><100
=2.09J/K

= (dS),, =2.091/K
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Case-3 ( Tl dQ J-Tl
Now by joining two blocks find (dS)yn; TZ T
T;=100°C, T, =0°C T,
= me In| —
Heat lost by block -1 = Heat gained by T,
block -2 ds o Q _—m C, x(T,-T,)
C(T) ~Tp) = C(T¢ — To) ( )Rese“‘”""?l_ T,
Tf = Tl ;TZ = SOOC (dS)Universe = (dS)HZO + (ds)surr
T) (T,-T,)
T, =myCpy | In| =L |—| 212
= (dS ko1 =C Zn{?jj ’ { [sz ( T ]_
B 504273 _ B, T 1{373)_(373—273)
—ISOEn[Tj——ZI.SM/K (4.187) 7 7))
T (dS)universe = 0.183 kJ/kg.K
:(dS)BlockZ =C/n T_f
5(2) 273 &
+
=150/n (Tj =+2522]J/K | =323K ‘ Tl' =373K
= (dS),; =—-21.58+25.22
Q
= (dS),; =3.64J/K
(dS)Universe >0 T, =273 K‘ T, =323K

So it is an irreversible process.

24. Ans: 0.183 kJ/K, 0.097 kJ/K

Sol:
Reservoir
T, =373 K

(a)
J' Q: mePw(Tl_T2)

H,O
T,=273 K

m=1lkg water

By providing one more reservoir at 323 K

ISt Stage,(ds)universe,lst

T T -T
= (ds) oy =m C, |In—L+—| 1—2
( )unlversel w ~ Pw |: T ( Tl

)

(ds)univlststage =1x4.18|1 323 _ 323-273
’ 273 3

=0.056 kJ/kg.K

2

= (ds)univ,anstage
_ixa1s7 (373 373—323}
323 373

=0.041 kJ/kg K
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(ds)universe = (ds)u“iV’ZHdStage + (dS)U“iV»lststage Q — 21’700(1200 _500) + %(12002 _5002)
=0.041+ 0.056 = 0.097 kJ/kgK ~ 19355 ]
dS =21700{ —— |+ 7(1200 - 500)
500
(c) From aboxfe pr‘oblem, when coml?ared to smge —93897.6716 J/K
stage heating in a two stage heating entropy is —93.897 kI/K
halved. As the no. of stages of heating goes
on increasing, entropy change of universe are 26.
decreasing. This way we can heat the fluid Sol:
) . . System T; | To
with almost no change in entropy of universe.
Q
25. Ans: 23.897 kJ/K q M
Sol: Given Cp = a + bT. Q:=Q—-W
Sink T,

TmedT = Tm(a +bT)dT

T

0-=]do=

T

T,
= J.madT +mbTdT

T,

Q=a{T>-T }+§[T22 - 17|

O S ()
!dS:lech?

T,
= dS=(S,-8,) = [mfa +bT)dTT
T,

= (S2-S1)=am In {%} +bm|T, - T,]

1

Cp =a+bT
252x10° =a +bx500  ........... (1)
30.1 x 10°=a+bx1200 ........... ()

For maximum work done condition the
engine has to be reversible and for the
condition of reversibility entropy change of

universe is zero.

T, dQ
(ds)system v —‘I!.IT

T,

I C.dT = Cvfn(&J

T T Tl

(dS) . :QI_W_CV(TI_TO)_W
surrounding TO TO

(ds)univ = (dS)system +(ds)sink = 0

Cﬂn(%)#— CV(TI _To) -W _
1

TO
TO
W=Cy(T,-T)+T, C, i ¢

0

1

; T,
By solving - CV[(T1 ~T,)+ T, En(—o
a=21700, b=7 T,
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" d
27. Ans: (c) ZX3OOX
="+ +450xd
Sol: 2000 K 2
=(37.5 1 +450)d
QH Wnet
— 600 kW Nw = Q,
QH—600
o P15
300 K (37.5m+450)d
T,-T
Woutput :( = LJXQH
T, 29. Ans: 25%
_ Sol: Net work, W, = Area of AABC
2.0, -
=—x(400)x (5-1)
Qu = 705.89 2
Entropy change of working fluid during heat =800 kJ
N 705.89 Heat supplied,
addition process = 0 DI Qs = Area of rectangle enclosed by line BC
=800 x (5—1)=3200 kJ
28. Ans: (b) _ W _ 800 _c0,
Sol: Q, 3200
T (K) A
600f[-----—> &
30. Ans: (a, b)
ol .B Sol:
3001- AN : e The entropy of universe is continually on
o C i . the increase.
PM_d_Q,E § (kI/K) e The increase in entropy is obtained from a
' given quantity of heat transfer at low
Wit = Area of cycle OABC temperature.
= 300xd="75rd e The entropy of system reaches the
4 maximum value when it is a state of
Heat supplied, equilibrium with its surrounding.
Qs = Area of semicircle OAB + Area of
rectangle OBQP
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31.
Sol:

Ans: (a, b)
2.5%x4.18(T-30)=5x%x4.18 x (100 —T)
=T=77°C

350

As=25x4.18x/n| — |+5x4.18x n ﬂ
303 373

32.
Sol:

33.
Sol:

34.
Sol:

35.
Sol:

=1.507-1.33=0.177 kI/K
Ans: (b, ¢, d)
Option figures (b, ¢, d) represents throttling

process of real gas across the orifice.

Ans: (a, b, d)

When air is compressed to half of volume at
constant pressure entropy change is
negative.

Ans: (a, ¢, d)

Two reversible adiabatic path cannot
intersect each other.

Through one point, only one reversible
adiabatic can pass

The path of forward and reversible process
coincide for an internally reversible process
Heat transfer between a reservoir and a

system is an irreversible process

Ans: (a, b, d)

For a isentropic process

e A process where AS=0

e An isentropic process can serve as an

appropriate model for actual processes.

36.

Sol:

37.

Sol:

e Isentropic process help us to define
efficiencies for processes to compare the

actual performance.

Ans: (a, b, d)

Example of ideal reversible process are
e Frictionless adiabatic expansion

e Condensation and boiling of liquids

e Frictionless isothermal compression

Ans: (a, b, ¢, d)

For a cycle to be reversible,

e The pressure and temperature of
working substance must not differ,
appreciably from those of the

surrounding at any stage in the process
e All process must be extremely slow
e There should be no loss of energy
e Working parts of engine must be friction

free

¥ ace

Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert

online

Affordable Fee | Available 1M |3M |6M [12M |18M and 24 Months Subscription Packages




(o)
/4 N}
v v
v v
VN .Y Engineering Publications

37

Thermal Engineering

!

Chapter
6 AVAILABILITY

01. Ans: (b)

Sol: Whenever certain quantity of heat
transferred from a system available energy
decrease

02. Ans: (d)

Sol: Irreversibility is zero in the case of

Reversible process.

03.
Sol:

Ans: (b)
For a non-flow process (which occurs in a
closed system), the availability function
Non-flow availability function:

¢ = (u+ pov — Tos)
kinetic and potential energy changes, the

availability ‘a’ of the system at any state

Lossin A.E =Ty Sgen
250 (g_gj

2 Tl
o [300_500
720 835

Lossin A.E =26.77k]

05. Ans: 11.2 kJ,5.25 kJ

Sol:
1000 kJ = Q
T, =675+ l 1000kJ
T,= 625+ |
T02:338 -1
TOl :288 -T—
AE=Q I—E =100 1—& =5733klJ
T 675

AE, =Q|1- 1z =100(1—ﬁ]= 45.92 kI
T 625

2

Loss of available energy = 57.33 — 45.92

relative to the dead state (¢p) is given by the —1141kJ
difference a=¢ — ¢o
T,=675 T
T,=625 +  [~""-->p==Io- !
04. Ans: 26.77 kJ j
Sol: N Tp=338 4= | | _— Too
T T()l =288 ——
835 + 500kJ
el —
720 + i Tml:T1+T2 :675+625:650K
2
T,+T 288 +338
280+ . T,=""—""%= =313 K
77/ T
S
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Tm2
TR A

ml
=100 1—g =51.84 kJ
650

Loss in AE = AE; — AEy
=57.33-51.84 =5.49kJ

06. Ans: 3498.22 kJ
Sol: Given Ideal gas,

n=1kmol
P, =1 MPa, P,=0.1 MPa,
T,=300 K Te=T

T = constant = isothermal process
PV] = HK Tl

_nRT, _1x8.314x300
P 1000

=2.4942 m®

Vi

For isothermal process,
Pivi=Pyv;

_Ix 20'41942 =24.942 m’

Pl Vl

v, =
P2
Winax = —To(s2—81) — Po(vo— V1)

=—300@X8314Vn(02j——ﬁ11x10%24942——24942»

5 Wnax = 3498.22 kJ

07. Ans: 222.7 kJ
Sol: P, = 1.4 MPa =1400 kPa
T, =175+273 =448 K,
V=1m’
L_PRV _ 1400x1
RT, 0.287x448

=10.88 kg

T, =25°C=298 K
Top=25°C=298 K
V = constant
P_P
Tl T2
1400 _ P,
448 298
P,=931.25 kPa

Non flow process:
Availability at state [
AE1 == (u1 N 11()) — T() (S1—So)

=C,(T, —TO)—T{Cp ln%—Rlnij

0 PO

=0.718 (448 —298) — 298

l.OOSInE— 0.287In@
298 100
=211.3 kJ/kg
Availability at state 2

AEH i (U.z B U.()) — T() (Sz—So)

T P
=C(T,-T,)-T,|c. In=>—RIn—2
v( 2 0) 0( p TO Poj

=0.718 (298 — 298) — 298

1.0051n%— 0.2871In 93115
298

=190.82 kJ
Loss in AE =20.47 kl/kg
Total Irreversibility
I=m x loss in AE =222.7kJ
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08. Ans: 25.83 kJ 10. Ans: 0.962
Sol: Loss in available Energy in pipe
Vi gy p p SOl: T]H — T.lactual
T‘lreversi e
(AE)ow =mRT, | 22 o
P, (1000—-20)—(300+20)
nactual = = 06734
- 0.1p, (1000-20)
pl T]reversible = W =
=3 x 0.287 x300 (0.1)
= . 4
(AE)Lost =25.83 kJ N, = 0.673 —0.962
0.7
09. Ans: 7.04 %
Sol: 11. Ans: 214.8 MJ
Sol: Available energy
O
Tl
=mcy(T; -T2) - T, mec, /n| —
_ 4°C T,
| = 25°C
¥ where, T; =1200 K,
Resistance \
heater \ T, =400 K,
Q = 54000 kl/h T. =300 K

Second law efficiency,

~1000 0.5 (1200 - 400) - 300[1000><05 x fn [ljé’(m

Wrev (Cop)act
Ny = r
W, (Cop),, ~2352MJ
T 798 Total energy available with steel
(C p)rev = - _
T, -T, 21 =mcy(Ti — To)
(COp)act = 14.19 =1000x 0.5 (1200-300) = 450 MJ
(Cop) Heating effect Unavailable energy = 450 —235.2
0 =
Pl = "Work input =214.8 MJ
For resistance heater, the entire work in 12. Ans: 61.9 %
heating is lost as heat V22
Sol: W__ =(h,—h,)-T(S,-S,)+—~——=%
- (Cop),, = 34000 _ e = (0 =) =T (8, =8, )+ =
54000 .
1 =c,(T,-T,)- T{cpzn[EJ - Rén(iﬂ Vs
Ny = 14.19 T, P, 2000
Nu= 7.04 %
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where,
T, =150°C,
T, =35°C,
T,=25°C
P; = 1000 kPa, P, =140 kPa
Vi=100m/s and
V2 =50 m/s
=1.005x (150 —35)— 298{1 .OOSEn( 273415 0] - 0.287&1(@
273 +35 1
100° —50°
2000
=192.633 kJ/kg
Wt can be calculated using S.F.E.E
2 2
LV VW
2000 dm 2000 dm
2 2
1.005x150 + 100 +0=1.005%35+ B Ol
2000 000 dm
W _ W, =119.325 kI /kg
dm
Ny = W 119325 _ 0.619 = 61.9%
W 192.633

max

13.
Sol:

Ans: 235.7 kW, 85.3 %

SFEE for the compressor gives
W:Q+m(hl _hz)
=—100+ 1 x 1.005(25 — 160)

)

Exergy balance for the compressor gives
: : T L -

ma, +Q(1—?"j—W—maf2 =1

W rifa,, —aﬂ)—Q[l—%j+i
nd(""‘fz__ afl)

4

ap—ap =hy —h; —To(s2 —81)

N =

= cp(T2 —Tl)—TO c, lnL—Rln&
T P

=1.005(160—25)~ 298(1 .005&{‘2%;] - 0.287£n(8)J
=200.95 kl/kg
200.95
Nn =
235.7

=0.853 or 85.3%

=-235.7kW
)
w
1 Q
Air
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03.
Chapter PROPERTIES OF Sol: Given Non flow constant volume process
7 PURE SUBSTANCES P, =1.5MPa x;=0.9
V =0.03m’ P, = 500kPa

01. Ans: (b)

02.

Sol: Given Non flow process & adiabatic system
m = lkg at P; =700 kPa, T, =300°C,
vi=0.371 m’/kg , h; = 3059 kl/kg
Due to Paddle work
T, =400°C, v, =0.44 m’/kg,

P, =700 kPa, hy=3269 kl/kg

At P; =700 kPa from pressure Table
Teat = 164.95°C

= T > T so it is in super heated state.

u, =h, —P,v, =3059 —(700x0.371)

=2799.3 kl/kg
u, =h, -P,v, =3269-700x0.44
=2961 kl/kg
It is a non flow process

P=C
W, =P(v, —v,) =700(0.44 - 0.371)

v, =x,v, =0.9%0.132 =0.1188m’/kg

h, =h, +x,h,, =845+0.9x1947 = 2597.3kJ/kg
u = h1 — P1V1 = 25973—(1500 X01188)
u=2419.1kJ/kg , V=0.03 m’

(i) Mass of wet steam = Vv._ 003
v, 0.1188

=0.253kg

(i) V =C (Rigid vessel)
Vi=V2=XoVe
0.1188 =x,(0.375)
x2=0.317
h,=h; +xh; =640+0.317x2109

h, = 1308.55 kJ/kg
Uy =h; — Povs = 1308.55 — 500x0.1188
= 1249.15 kl/kg
(iii) AH=m(h,— h;)=-1288.75x0.253
=-326.054 kJ
AU = m(u; — u;) =0.253(1249.15-2419.1)
AU =-295.997 kJ

For constant volume, dV =0, W, =0

W, =W, = 48.3kl/kg (iv) ,Q,=m(u, -u,) =AU
For non flow process AU =-295.997 kJ
u, +Q=u, +W
W=WstWp=Q+ (u;—up) 04. Ans: (d)
W,=Q + (uj—up) — Wg Sol: At P = | atm, hg,=2256.5 kl/kg
=0+ (2800 —2961) — 48.3 _m xhg,  0.5%x2256.5
— 2093 k/kg Power = e 18x60
=1.05 kW
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05. Ans: (a) 100°C — 2675.8 kJ/kg
Sol: At 200 kPa, dT =50°C — dh = 100.8 kJ/kg
ve=0.001061 m*/kg, v, =0.8857 m’/kg dT" = 30°C —> x = 60.48 kJ/kg
_ 3 _
v =300 m’, P =200 kPa ~hy=2716.12 kl/kg = h;
my+ my =m (For throttling process)
Vit W=y - If dryness fraction is x
0.25xmx0.001061)+(0.75xmx0.8857) = 300
( ) ) ©hi=h, +xhy
= m=45144kg
1008.41+ x(1795.7) = 2716.12
. x=0.95
06. Ans: 0.95
Sol: 4 / 07. Ans: 0.94
1
h Sol: (1) 1.25 bar Tbar  (2)
P S i
’ 130°C 130°C
2
2 kW capacity

v

P, =3 MPa = 30 bar,
h; =1008.41 kl/kg, h;,=1795.7 kl/kg

P, =0.1 MPa,
From steam tables
At P, =0.1 MPa,

Tsat=99.61°C and T, = 100°C,
T, > T  (superheated)
h=2676.2 kJ/kg
At P,=0.1 MPa and T,=150°C
h=2776.4 kJ/kg
AtP,=0.1MPa and T,;=120°C,
hy=?

150°C — 2776.6 kl/kg

T, =120°C

From steam tables
At 1 bar, 150°C,
At 1 bar, 100°C,
A 1 bar, 130°C, hy=7?

P, =100 kPa, Teat = 99.61°C
T, >Tg (Superheated state)

100°C — 2776.6 kl/kg

130°C > h3=?

150°C— 2675.8 kJ/kg

dT =50°C —>100.8 kl/kg

dT" =20°C - x

<= 100.8x20

h=2675.8 kl/kg
h=2776.6 kJ/kg

= 40.32kJ /kg

h, =2776.6 —40.32 = 2736.28 kJ/kg
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m=dhe 34 G 0113kes
Smin 300

By steady flow energy equation
thh, + Q = rhh, - W

Q
h1 :h2 —E

=2736.28 - 2
0.0113

= 2559.28kJ/kg

h, =h, +xh,, =444.36+x x2240.6
x = 0.9439

08. Ans: (a)

3
v = specific volume = MZ 0.0025m—
10 kg

v, <V, (critical volume) after heating at

Sol:

constant volume it goes into liquid region

hence level of liquid in the vessel rises.

09.
Sol:

e Surface

Ans: (a, b, ¢, d)

represent the  fundamental
properties of substance

e It provide a tool to study TD properties

e Each point on this surface represent an
equilibrium state

e Line on the surface represent a process

10. Ans: a(12.55 kW), b(0.708), ¢(223.37kW)

Sol: (a)
| T=343K | | T,~273 K |

| T,=310K |

fiin— 1000 =0.277kg/s
00

Q; =m xlatent heat = 0.277%333.43
=92.36 kW

AT

QT

343-310
W =
( 343 le

. W=0.096 Q; (1)

:&:—’1—‘3
W T -T

Mg

(COP),

333.43x10° 273
W 310-273
- W=45190.147 kJ
W= 45190.147
3600
From (1)
Q; =130.759 kW
Q=Qi—-W
Q,=118.20 kW
333.43x10°
3600
=92.62+12.55=105.17 kW

=12.55 kW

Q4=QstW =
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Q, _ 92,62 _ 0.708 Q2=0.65(T; — T2) = 0.65(T; — 293)
Q, 13075 T
1 (cop), 2 T
Total heat rejected to lower temperature W T -T,
reservoir = Qz + Qrer 0.65(T,—293) 293
=118.2+105.17=223.37 kW 1.99 T, —293
Energyof freezingwater  92.62 0.708 — T, =323 K =50°C
Energyof heatengine  130.759 Up to 50°C outside temperature, the
temperature of room can be maintained 20°C.
11. Ans: 2 kW, 50°C
Sol: 12. Ans: (b)
a .
(@) st A hy, 1800 ki/kg
T
w
' 500K \
|T2 =263 K ' i
e iS¢ .
Q, =0.65(T, - T,) = 0.65(293 — 263) 2.6 klkg K i
=19.5kW h;
T, Q gt T,
(COP)HP == N
T,-T, W 1800
$,—2.6=——
293 195 500
293-263 W sg = 6.2 klJ/kg K
W =1.99 2 kW
13. Ans: (b)
(b) Sol: T=273+30=303K
dQ =-55x10°W
W As heat is removed at constant temperature,
as= 92 _ 73 _ g8 mwik
Q2 =0.65 (T1—293) T 303
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14. Ans: 6.68 kJ/K W=Q;xn=TdS xn
Sol: H,O T, =0°C=273K Q;=T,dS =623 x1.44=1897.12kJ
J W =2897.12 x0.518 = 464.7 k]
H,O T,=164.97°C =437.97K
S\L T3 =164.97°C=437.97K (b) Given
t = 97°C= .
cam 13 Power = 20 kW
% dQ T Power (kW) =m ( kg j W(EJ
(dS), = j =X —mCpyn | 2 sec ke
T T,

T

— 1 x(4.187) n| 127
273

(dS); =1.97 kl/kg.K
mxLH

1x(2066.

3)

(@)= 2=

= (dS), =4.71 kl/kg.K
(dS)Umverse (dS)1 + (dS)2
= (dS) yiene = 6.68 kI/kg.K

15.

Sol:

(a): Given Carnot cycle
ds =1.44 kl/kgK

T 43797

=m_ =0.043kg/sec

=0.043x3600 kg/hr
m, =154.8kg/hr

16. Ans: -16.01 J/K

Sol: Water =20°C =293 K
3
Water T,=0°C=273K
33
Ice T, = 0°C=273K
{

I[ce T;=-10°C=263K
m=10g, Cp=4.2J/gK

ds, =mC, fn——10x42x€n 273
T 293

1

=296 J/K
—mL. —
ds, = “Mikie _ Z10X335 5 0y/k
T, 273

dS, =mC, EnT——IO 2.Un| — 263
T 273

2

T,-T 23— _
Ncamot = 1 L = 623 ~300 =0.518 0.78]
h 623 (ds)system: dS;+dS,+dS;
-V =-2.96-12.27-0.78 = -16.01 J/K

1’] = —

Q
qace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams
On|ine Enjoy a smooth online learning experience in various languages at your convenience




AR
lt" “wl
v
W
b '\ "ld

ACE

Engineering Publications

<<

46

GATE - Text Book Solutions

Chapter

01.
Sol:

02.
Sol:

AIR CYCLES

8

Ans: (a)
1-2 — Isothermal

3—-1 — Adiabatic process

Ans: (d)
For Maximum specific output in case of
Otto cycle, the temperature of working fluid

at the end of compression and expansion

should be equal
Pl 3 R
T
v=C exp
4
2
vV =C
comp 1
-
03. Ans: (¢)
04. Ans: (¢)

SOl: nCamot > nStirling

0s.

(If 100% effectiveness of heat exchanger is
given then carnot efficiency equals to stirling

efficiency)

Ans: (d)

Sol: For equal r & heat rejected

notto > nDual > 1’]Diesel

06. Ans: (¢)

07.
Sol: Q= 1500 kJ/kg,
P,=100 kPa,
T, =27°C=300K
g Vi 8 V.
vV, 1 V,

(Cy)air = 0.72 kJ/kgK

For process 1- 2

P, Vly =P, sz

Y
=P, = Pl(&] =100 x 8'*=1837.9 kPa
v

2

r

P
7393.57 kPa|

1837.9 kPa

T, =100 kPa |

T A
2772.54K

1206.8K
689.2K

T, =300K
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!

Qs = C, (T; — T2) = 1500 kl/kg
= 0.72 x (T3 — 689.21) = 1500
T;=2772.54 K
Process 2 -3
P, P
A

T .
= P, =Pyx = 1837.9 x 2;;3 ;4
: .

P3; =7393.57 kPa

Process 3 — 4

= P; VJ:P4 V4Y

V Y 1.4
L P,=Ps x| 2 :7393.47{1]
v, g

= P4=402.2kPa
T; V7' =T, V.
= T4 =1206.8K

1 1
nOtto :1_(1' )y—l :1_ 81.4—1 - 0'56
k

w
= 0=056=—— =W =847 kl/k
o 1500 5

08. Ans: (¢)
Sol: V.=0.2 Vi
r, = Compression ratio
_ Vet Ve - Vi +0.2Vq _6
V. 0.2V

C

1 y-1 1 1.4-1
1= =1-|=
et (] ()

=0.5116 or 51.16%

09. Ans: 47.36 %
Sol: Vc=2000 CC

V. :%DZL :§x152 x 45 =7948.125CC

Compression Ratio

o= Vot Ve _ 7948.125+2000
A 2000

=4.974

1.4-1
g L =0.4376 or 47.36 %
4.974

10. Ans: 60.8 %

Sol:
P A
2
>V
I, =£:15:>V1:15V2
2
6.5
V, -V, =—=(V, -V
3 2 100( 1 2)
6.5
= —(15V,-V.
©3 (15w, -,
=091V,
V3:0.91V2+V2: 1.91V2
V
r, =— =191
Vs,
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Nty = 1- ! . rc‘/ -1 PIVIV = szzy
th y-rky_l r, —1 ! L
Ly [szv _[48.5)1«4 16
1.4 K~ T4 -
o 1 . 1917 -1 _ 60.8% VvV, \P 1
1.4x15™ { 1.91-1 Vv ot 16
Fuel cut offratio=r. = —2="*=—=1.6
, 1, 10
11. Ans: (¢) . 1 [r-1
Sol: Vi= 3L, N ,Y.rkvfl T, -1
V,=0.15L
1.4
Compression ratio =1- ! Lo ~1
(Lane" | 1.6-1
r Vi 3 20
k = —= = —
V, 0.15 ) ] [1'9309 1}:0.6344
Ve 030 1.4x3.0314] 1.6-1
o= = =2 = 63.44 %
Vv, 15 :
Y _
Mpese = 1= Ll e =1 13. Ans: 235.5 kPa
Y- _
' fel Sol: D; = 500 — 200 = 300 kPa
= D, =0.03-0.01 =0.02 m’
=1—ﬁx —Y ><2(2 1)1:0.6467 ’ "
4 (20) a Wa= Zx D, xD,
= 64.67% &
1V2=V,-V;=0.03-0.01 =0.02 m’
12. Ans: 63.44 % n
Sol: ° _ workdone W, 4><D1><D2
ol: .4 mep = | = =
P, — P, — 48.5 bar sweptvolume |V, (V.-V,)
T %300%0.02
4 -4 000
0.02
i Pi=hbar =75 1 =75 x 3.14 =235.5 kPa
>V
\V4 14. Ans: (a)
Compression ratio = r, = —- N
v, Sol: Four stroke engine: n=—
E . .V, V _10
Xpansion ratio = rg = v v Swept volume = V= 0.03 m’
3 3
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~ Work(kW) 1000

(Work),, = o (ops) =5000 60kJ
2% 60
mep = W (k;[) _ 60 _ 2000kPa =2 MPa
V,(m®)  0.03
15. Ans: (b)
Sol: v, Lol o833m /kg
p, 1.2
I, = V22 8.46
vV, 0.26
V, = 0834 _ 0.098m’ / kg
8.46
mep = — ' =598.8 kPa

V.-V, 0.833-0.098

16.

-1 0.4
Sol: n:0.54:1—(ij :1_(lj
I, I,

P

v

- =697
" T 0.46)°

P, =1 bar
T,=273+15=288 K

Thermal Engineering
P; =75 bar

P, =P =1 x (6.97)"* = 15.154 bar

T,=T, /"' =288(6.97)"* " =626.16 K
T;=T, B 62616
P 15.154

2
Heat supplied = C, x (T5-T»)
=0.718(3099-626.16)
Qs=1775.5kJ/kg
Work done = 1, x Qs
W =0.54 x 1775.5 =958.77 kl/kg
Heat rejected = Qs — W = 1775.5 — 958.77

=3099K

=816.73 k/kg
3
g RT,_0287x288 (o m’
P 100 kg
3
g o RT_ 028762616 _\ gom’
P, 1515.4 kg
Wnct E
kg 958.77
mep = =
m’ 0.82656-0.1186
(Vl Vo)
kg
= 938.77 =1354.27kPa
0.70796

17. Ans: 54 %
Sol:

Lc:ose
2\

L=14cm, 6=40°, D=10cm
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Effective stroke length
L. = L/2+%cose

=7+7cos 40 = 12.36 cm

Effective stroke volume

(Vs )eff = %DZL = % x10*%x12.36 =970.75cm’
Vc=157 cm’
(V) +Ve 970.75+157
(rk )effective = - €= =7.18
Ve 157
-1 0.4
1 1
N =1-| — :1—(—)
T 7.18
=0.54 or 54%

18. Ans: 66.5 %

Sol: Ls

------ y ;/'_7_:_\ FVC X
L. %/2
_______________ L
v N
EPC : B!
BDC
D=10cm, L=14cm
P fevo  FvC
2 3

L. = %Jr%cose =7+7cos 60° =10.5 cm

€

L, =%—%cosel =7-7c0s20°=0.42 cm

(V). =§D2Le =§><102 x10.5

=824.6 cm’

Ve=40.2 cm®
_ (Vs )eff + VC

(rk )effective -

=21.51

C
Volume corresponding to fuel cutoff

Vi -V, ==D?L; = =x10% x0.42
4

4
=32.98 cc
V;—40.2=3298.
V;=73.18
\% :
n;:—éi:r111§::L82
V, 402
1 rl-1
Nih = = y—1 . A 1
o T
1 1.82" —1
=1- oa <
1.4x(21.51)™  1.82-1
=66.5 %

19. Ans: 503 mm?

Sol: IP:—pmiLANn

120,000

ﬁ><k><L><A><N><n
— —d
120000
Ad 255109 x L™ (0.15) x216x1

4 OIL 4
120000

Ag= 503 mm’

ace

Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert

online

Affordable Fee | Available 1M |3M |6M [12M |18M and 24 Months Subscription Packages




o ACE 5

04. Ans: (¢)

Chapter Sol: Case (A): Moist air is adiabatically saturated
9 PSYCHROMETRY Case (B): Moist air is isobarically saturated
isobaric
01. Ans: (b) WB.T / adiabatic
Sol: \\

Case-(A): Adiabatically saturated > W.B.T
Case-(B): isobarically saturated —» D.P.T

05. Ans (b)
Duri . . . Sol: For dehumidification, the coil temperature
uring sensible cooling of air

DBT decreases, WBT decreases, h decreases should “beless’, than the dew point

temperature of the incoming air.
and o = constant,

DPT = constant, R.H increases
06. Ans: (d)

02. Ans: (c) el
Sol: 5
T
1
@ By pass factor = BC
DBT— AC

During adiabatic saturation process DBT
07. Ans: (b)
decreases, WBT = constant, h = constant,

specific humidity (w) increases, DPT
08. Ans: (d)

increases, relative humidity increases. Sol
ol:

1
03. Ans: (b)

Sol: When warm saturated air is cooled, excess

During chemical dehumidification
moisture condenses but relative humidity ) )
) Enthalpy & W.B.T remains constant, specific
remains unchanged .. )
humidity decreases, dew point temperature

decreases and relative humidity decreases.
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09.

10.

Sol:

11.

Sol:

Ans: (¢)

Ans: (a)
Teoil 1S greater than dew point temperature but
less than dry bulb temperature hence it is

sensible cooling.

Ans: (¢)

Temperature of water spray is greater than
dew point temperature hence it is a heating
process and water molecules are mixing with

air hence it is humidification.

15. Ans: (¢)
Sol: L.H.L=0.25 S H.L

SHF- _ SHL
SHL + LHL

SHF- _>HL _,
125xSHL

16. Ans: (d)

Sol: Ty =25°C —> ¢ =100%
Psat = 3.1698 kPa
Piotar = 100 kPa

P
¢0=-V=1 =P, =P, =3.1698kPa

Psat
2 Ansi () 0.622—Y __(620x1098
Sol: Heat is absorbed so it is absorption or ©=1u. P, N ol 100—3.1698
chemical process in which WBT remains
kg Vap
constant & DBT increases. =0.0204 x ke drvair
gdryair
13. Ans: (a) o=
ma
P —P P.-P
%ku=®{;m ;q=; ;X¢ m, =100x0.0204 = 2.04kg
atm ‘v b~ v
14. Ans: (a) 17. Ans: (¢)
Sol: Sol: o=+ = 06 _ 12—kg0fVap0T1r
T m, 50 kgof dryair
T] TZ Tcoil ® Tsat = 250 C s
i i i Py = 3.1698 kPa
20°C  40°C 45°C o=0.622 PV =0.012
DBT — 95-P,
- - Py =1.798 kPa
By pass factor = 7= ? B 32 ;(0) V P 1.798
coil 1 o=—"=— =0.567 =56.7%
BPF =02 P, 3.1698
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18. Ans: (¢)
Sol: Ty = 30°C — Py = 4.2469 kPa

19.

Sol:

20.

Sol:

P
P, =90KPa, ¢=--=75%

sat

P, =0.75x4.2469 = 3.185kPa
Pa = Patm - PV
P =86.815 kPa

__PV _86815x40 _
*TR,T 0.287x303

39.93 kg

Ans: 24.93%, 0.00627 kgvap/kgda

Tsat =30°C

Patm =100 kPa

Psat =4 kPa

n=024= PV(Patm - Psat) . PV(IO() — 4)

PS'd.[ (Patm - PV) P 4(1 00 o PV)

400 x 0.24 - 0.24 Pv= 100 P, — 4P,
96.24 P, =400 x 0.24

p, = 200x0.23 _ 1 6975kpa
96.24
Relative humidity
o= = 09T _ 2493 or 24.93%
P, 4
©=0.622 —
Patm - P
—0.622x— 2T _ 00627 K& VER
100—0.9975 kgda

Pum=101kPa ; Ty =40°C
Psat = 7.38 kPa

P,=3.692

o=0.622 P,

atm v

3.692
101-3.692

kgVap
kgda

As gas is compressed partial pressure

=0.622 x

o=0.0235

increases in the same ratio,
5.05

P, =3.692x

AL150°C,
Py = 475.8 kPa
o=t 1846 100390
P, 4758

sat

21. Ans: 1.125 kPa
Sol: P; =100 kPa

P, =500 kPa

DBT =35°C

Pys=5.628 kPa

05 = 0.622x—¥5 = 0,620 x 028 _
Py —Pys 500—5.628

=7.08x10"° kg vapour/kg dry air
@2 = o = 7.08x107
(- pressure remains constant in after cooler)
Moisture is same throughout the process i.e.,
in compressor no moisture is removed or
added and in after cooler, the pressure is
constant so the moisture content will not

change.
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Py

®, =0.622x

1 tv
7.08x10° P,
0.622  (100-P,)

- Py=1.125 kPa

22. Ans: (a)
Sol: Ty = 20°C, Pgy = 2.339 kPa
$=0.5

P
¢:P—V:> P, =0.5x2.339=1.169 kPa

sat
Corresponding to partial pressure of vapor
whatever the saturation temperature is the
temperature at which the water vapor present
in air starts condensing and this beginning of
this condensation is called as dew point
temperature.
At 5°C — 0.8725

T-7—> P, =1.169
10°C —>1.2281

1.2281-0.8725 10-5
1.169-0.8725 T, -5

T,=9.16 °C
Note: Nearest answer is (a).

23. Ans: (d)

Cooling load on coil h;
= CPa (Tl _0)"'@1 |.(hfg)
=1.005%(30-0)+0.023[2500+1.88(30 - 0)]

= 88.94 kJ/kg of dry air
hZ = CPa (T2 _0)+0‘)2 [(hfg )ODC +CPV(T2 _O)J

+ CPV (Tl _O)J

0’c

=1.005(15-0)+0.015[2500 +1.88(15 - 0)]
=52.99 kJ/kg of dry air

Total heat load = m, (h,—h;)
= 0.7(52.99-88.94) = —25 kW

24. Ans: (a)

Sol: o
1
15°Cc  25°C
Ptotal =90 kPa, Tsat = ISOC, Psat =1.7057 kPa
o = P, =0.75
L Psatl 4 .
Pyi =1.278 kPa
0, = 0.622xi =0.622x 1278
on — Py 90-1.278
_ 00089 <& of vapour
kg of dryair
Tsat = 25°C, Pge=3.1698 kPa, ¢ =0.75

P
Sol: : ¢=—2="P,, =2.377 kPa
(1)1:().023 sat2
PV
2 ®, =0.622x —2
®,=0.015 am — Py,
15°%C 30°C _0.622x—23T7_ _ 0168 X80T VAP
90-2.377 kg of dry air
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25.

Mass of vapour added,
m, = r'na(oo2 —0)1)
= 4(0.0168 —0.0089)
=0.03 kg of vapour/sec

Ans: 769 m

Sol: Py, = 3.166 kPa,

Tear =25°C =298 K
P P

P 3.166

Py, =0.74 x 3.166 = 2.34 kPa,
At2.34 kPa,

T = 20°C = 293 K = DPT
Corresponding to saturation temperature
whatever the saturation pressure, the water
vapor starts condensing.
dT =298 -293=5K
6.5 K drops in temperature = 1000 m

5 K drop temperature = 6iS %1000

=769 m

27.

10.1

“1.01
 =0,xm, =0.01x10=0.1kg/sec

m, = =10kg/sec

m

\4

m, =0.1kg/sec
Total mass of vapour after mixing
=m,=m, +m,_

=0.1+0.1
=0.2kg/sec

Specific humidity of mixture

m, _0.2kg/sec
m, 10kg/sec
=0.02 kgvap/kgd.a

Ans: (a, b, d)

Sol:

e For given total atmospheric pressure
specific humidity is only function at
partial pressure of vapour

e Steam spray is an example of heating and
humidification

is

e Silica gel used for heating and

26. Ans: 0.02 dehumidification
Sol: m=m,+m, e Air cooler is an example of sensible
m_,. m, cooling
ma ma
m
—=l+0,
ma
10.1
—=1.01
ma
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(1)) Turbine efficiency increases as mean

Cl;p(;er RANKINE CYCLE temperature of heat addition increases.
(ii1)) Specific steam consumption = @
net
01. Ans: (d) As Wy increases so specific steam

consumption decreases.
02. Ans: (a)

Sol: At 5 MPa,
Teat = 263.9°C,

05. Ans: (b)

Sol: T 1
A

At 2 MPa,
Ty = 212.38°C 3
_ 2
_— 263.9-212.38 _ oo \\
263.9+273
Work done = 0.095 x 380 =36.5 kW » S

hy = 3514 kl/kg

03. Ans: (b)

Sol: The expansion process in turbine like 1-2 is

WHP =3 kJ/kg

h, = 613 kl/kg,

carried out in modified Rankine cycle. Wip =1 klJ/kg
h; —hy = Wyp
04. Ans: (¢) hs —613 = 3

Sol: Due to reheating in Rankine cycle : hs = 616 kl/kg

A 1 5
T QS:hl —h3:3514 -616
= 2898 kl/kg
06. Ans: (d)
P
Sol: n= N = le_o
R Powerinput Powerinput
—
(i) Work output of turbine increases as %(5000 — 200)
expansion is carried in two stages. 0.75 =
W(without reheat) = h; — h; ]
Pi=16 kW

W(with reheat) = (h; — hy') + (hs — hs")
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07. Ans: 3.6 Process (3-4)

=s4=0. kJ/kgK
Sol: Specific steam consumption = 3600 %= 5= 06393 kllke

net

Wr=3103 -2100—-3 = 1000 kJ/kg

. . 3600
Specific steam consumption = ——

1000
= 3.6 kg/kW-hr

08.
Sol: At T; =500°C and 7 MPa
h; =3410.3 kl/kg, s;=6.7975 kl/kgK
At 10 kPa
h;=h, =191.83 kJ/kg
$3= 8 = 0.6493 kJ/kgK
V3=V = 1.01 x 103 m3/kg
s,, = 8.1502 kJ/kgK

g

r'

T

Process (1-2)

Q=0,s=c S
s1 =52 =6.7975 kJ/kgK < 8.1502 kJ/kgK
So point 2 is in wet state
S2 = S+ X28y,
6.7975 =0.6493 + x, (8.1502 — 0.6493)
x;=0.82

ho=h; +x; h,,,

=191.83 + 0.82 x 2392.8

W =hs —h3 = Vi x(Pboit — Pcond)

=1.01 x10” (7000 — 10) = 7.05 kJ/kg
hy =7.05 + 191.83 = 198.88 kJ/kg
Wr=h; —h,=3410.3 - 2153.92
=1256.4 kl/kg
Heat supplied, Qs=h; — hy
3410.3 — 198.88 = 3211.5 kJ/kg
Woet = Wr — Wp = 1256.4 — 7.05= 1249.35 kl/kg

Work ratio = Woe 124935 0.99
W, 1256.4
W '
M= —== TR 38.9%
Qs 32115
Steam rate 0N 2.8816 kg/kW-hr
Wnet
Heat rate = 3 L = 9254 kJ/kW-hr
N
Power = m, x Wye =30 x 10
3
i, = 2010 5401 kefsec
1249.35

Boiler capacity is mass flow rate of steam
expressed in kg/hr
=24.01 x 3600 kg/hr = 86436 kg/hr
Condenser load = m_ (h, — h3)
=24.01 (2153.92 -191.83)
=47109.7 kW
(AT)y = rise in temperature of water
Heat gained by water = condenser load
m, xCpy x(AT),, =47109.7

47109.7
=2153.92 kl/kg (AT)y= ———— =5.63°C
2000x 4.186
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11. Ans: (a)
09. Ans: (a,c,d) Sol:

Sol: Carnot cycle cannot be considered as the
theoretical cycle for steam power plant

because

e the compression work is high
e net work is low

e superheat cannot be advantage

e compression of mixture is very difficult

10. Ans: (a)
Sol: A

T
8MPa 1

m= 3 kg/sec
By applying steady flow energy equation to

turbine

mh; + Q = ,h, +W
Q= 0 (For adiabatic)
W= rh, —h,)

At 8 MPa & 500°C,

h; =3399.5 kl/kg
At 0.1 MPa,

hy = h, =2675 ki/kg
W = t(h, —h,)
W =3%(3399.5 —2675) = 2173.5 kW

A

T T,= 500°C
MPa » Q9 5w

Codt
0.5MPa T,= 250°C

»
»

S

From tables:

h; = 3446 kJ/kg,
h, =2961 kl/kg,
m =1350kg/hr

Applying first law

= @[3446 —2961]-25
3600

=156.875 kW

12. Ans: (¢)

Sol: N = f(Tw)us
Thermal efficiency of a Rankine cycle
depends on mean temperature of heat supply.
Due to regeneration mean temperature of
heat addition increases hence thermal

efficiency increases.

13. Ans: (b)
Sol: Deaeration process is the removal of non-
condensable gases such as air, CO; from

steam.
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14. Ans: (b)
Sol: Chapter
) 11 GAS TURBINES
T,
Nw = 1-—=
Tml 01.

Where, s Sol:

Tr = temperature of heat rejection T 3

Tm1 = mean temperature of heat addition

_h-h, 2
S, —S, 4

If T, increase then ny, increases

Due to superheating T, increase also M 1 R

. S

increases Given
15. Ans: (b) LIESELYLS
Sol: Reheat Cycle: o = Ll il

T] B o_625=-5
P

v

Due to reheating

If mean temperature of heat addition
during reheating process (4-4") is greater
than mean temperature of heat addition
during process 2-3 then thermal efficiency
increases.

Dryness fraction always increases.

Mean temperature of heat addition may
increase or decrease.

Specific work output is always increased.

1 4

T;=800+273=1073 K

il

T, (P, ) & -
22| —=(6.25)4 = 1.4 for air
T1 [RJ ( ) {y }
T,=506.4K
04
1.4
L BV (625
T, \P,
1073 _ (6.25)%
4
T4=635.6 K

Work done on the compressor
We=m x C, x (T-T)
=1 x 1.005 x (506.4-300)
=207.432 kJ/kg
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(b) Work done by Turbine 1t
= Y
Wr=m x Cp x (Ts~Ty) T2= T(x)
1.4-1
=1 x 1.005 x (1073-635.6) — 300x4 4 =446 K
=439.587 kllkg The isentropic efficiency of the compressor
. — Ws:c _ CP(TZ_TI)
(C) Heat Supphed e Wactual - CP (TZ! - Tl)
=mC, x (Ts-T
Qs =mGpx (1-D2) oo 4458300
=569.433 kJ/k
Qs s — T, =4825K
@ n, = Wi =W _ 439.587-207.432 T, = actual temperature at exit of
" Q, 569.433
compressor
=40.77%
Process 3-4: Q=0, S=C
02. T b y-1
Y
3|3
Sol: " T, (PJ
T 1148
T, = 3.4 =04
(4)ﬁ 414
T,=773 K
N, = Wact L CP(T3 _T4')
T
Ws—c CP (T3 - T4)
Caloric value (CV) = 42000 kl/kg T, =1148 - 0.85(1 148 — 773)
nr=0.85, T, =829K
N.=0.8
. Wr=Cp(T3—T, )= 1.005(1148 — 829)
Tmax = T3 =875"C =1148K
P —1at =320.32 kl/kg
1= 1 atmm
T —300K W, =C,(T; - T,)=1.005(483-300) =184 kJ/kg
=
b Qg = C, (T, —T;)=1.005(1148 — 484)
2 A —
p AT — 668.325 kl/kg
The temperature after isentropic compression Waet=Wr = We=320.32— 184
=136.32 kl/kg
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W 03.
Work ratio = “;‘et =0.428
T Sol: X Toa=T5=1200K
W T
Back work ratio = —= = 0.571
WT
2
W
Ny = —2 =20.5% 4
S
1
Heat rate = 3600 =17560.97 K >
N W/hr
Air rate :M =26.22 kg Tmax= 1200 K, T =300 K
et kWhr
At (r,)  T=Ty=|T,T, = 600K
h,-h, C,\L,-T,
Tml: 53_82 = P(3 T2 ):768K WC:CP(Tz—Tl)
SR O ln{J =1.005(600 — 300) = 301.5 kl/kg
of
Wr=Cp (T5 — Ty) = 1.005(1200 — 600)
Ty = Ds =M _ CP(T4' _TTI ) =520.4 K =603 kJ’kg
Sy —S ,
) l CP [ln 4) Tmin
T, Nih, (p)opt = 1= T
( rhf ) max
, Flcomb
I ) 1 30 g,
. 1200
m, (m, +17;)
Cpa, T} Cpa, T3 04. Ans: (a)
‘ Sol:
e Due to Regeneration thermal efficiency
Energy balance: . . . .
increases as heat required in combustor is
maCPaTZ’ + 1’nf (CV)T]comb = maCPaT3 less.
&C T + 1 (CV)n _ m, C.T e Reheating decreases thermal efficiency as
m; o ' o 1, " mean temperature of heat rejection increases.
(AFR)C,, T} +(CV)n,,.., = (AFR)C,. T, e When maximum temperature of the cycle is
AFRxX1x482. 5+42000x0.9 = AFRx1x1148 increased, thermal efficiency increases as
X1X . xXU.Y = X1X
mean temperature of heat addition increases.
~.AFR =56.56:1
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05. Ans: (d) 08.
Sol: Sol: T =300K, =4
e There is very little gain in thermal T,=833K
efficiency when intercooling is used nr=0.85
without the benefit of regeneration. e = 0.83
e With higher values of ‘y” and cp of the £=075
working fluid the net power output of T - 1
Brayton cycle will increase. ?2 = (rpﬁ =T, =445.8K {y = 1.4 for air}
1
06. Ans: (a) Mo =0.83 = ?, —? _ 44}1;5’.8;38)0
Sol: During regeneration process, turbine work 25 27
and compressor work remain unchanged and T, =475.66K
1 1 -1 04
only heat supph.ed decreases so specific T, _ (rp)YT A ( 4)ﬁ T, = 560.56K
work output remains same. T
T,-T. 833-T,
. =085=—*+—7"= :
07. Ans: (d) \ T,-T, 833-560.56
Sol: P; = 100 kPa, A s
T 3 T, =601.43K
P, =400 kPa Al
T, = 298 K - Q. T,-T, T, —475.66
? 4 > o r
T,-T, 601.43-475.66
T;=1473K . Qe T-T
) _ﬂ_4 | = T3=569.98 K
7100 _—- _ W, -W, _me, x(T, ~T;)-me, x(T; - T)
. 0.67 o - mxc x(T, =T
T, =T,(t,) 7 =298x4'57 =519.7K R ¥ (T.-T)
I _ (833-601.43)—(475.66 -300) _ S 126%
T, =—— 5 =844.61K 833-569.98
(rP )T
The maximum temperature up to which we 09. Ans: (d)
can heat the compressed air is turbine | goI; 11 3 (o)
exhaust temperature and this will happen
when effectiveness of the heat exchanger 3 4
VA 3
must be unity. 2 7 O AT A Dmax
ie. T, =T, =844.61K =573°C *
: S
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P, = 80 kPa, P, =400 kPa,
T, =283 K T3 =1273K
I, = 490 =5

80

T,=450+273 =723 K

T, 1273

RN

(), )
Effectiveness of heat exchanger.
(AT)act — T; — T2
(AT) T,-T,

T, =

= 804K

e= x100 =77%

max

10. Ans: (¢)
Sol: Ty, =T; =20+273 =293 K,

Thax= T4= 900 + 273 =1173 K
y=13, 1, =6
T.. -1
(nB)ideal regeneration — 14 %(YP)T
1.3-1
SN (.l | (6) 15
1173
=0.62 or 62%

11. Ans: (d)

Sol: Whenever we reheat, we reheat to the same
temperature until unless mentioned in the
problem. Whenever, we intercool to the
same temperature, if there are infinitely
large number of reheats and if there are
infinitely large number of intercoolers then
reversible adiabatic expansion becomes

and reversible

isothermal  expansion

adiabatic compression becomes isothermal

compression and thermal efficiency of
Brayton cycle becomes equal to Ericsson

cycle.

c (n th )Braton = (n th )Ericsson

Ericsson cycle is an ideal gas turbine cycle

Ideal (n)Ericsson = (n)Carnot

T.
(n)Camot: 1- Tm_m =76%

max

12. Ans:(a,c, d)
Sol:
e Regeneration always increases the
efficiency
e Reheating may increase or decrease the
efficiency of cycle
e Ericsson cycle is ideal regeneration cycle
e Intercooling

along with regeneration

increase the efficiency of the cycle

ace

India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams

online

Enjoy a smooth online learning experience in various languages at your convenience




&:ACE 64 GATE - Text Book Solutions
Wi, =0.063 kW
Chapter =0.063 kJ/s x 3600x24 s
12 REFRIGERATION 54430 k]
1 kW-h =3600 kJ
01. 54432 kJ =1.5 kW-h
Sol: Refrigeration effect = 1 tonne
=210 kJ/min 04. Ans: (a)
=3 5kW Sol: .
T
Work input = 1.5 kW
COP = 33 =2.33
1. 31.31°C
02. —18.77°C
Sol: Maximum COP = Carnot COP ‘
_ -30+273 S
(273 +32)-(273-30) P, = 140 kPa, P, = 800 kPa
243 3.8 From steam table
62 hy = h, = 267.29 kJ/kg
Actual COP =0.75%x3.92 =2.94 h; = hg=95.49 kJ/kg
=h,—h
2.04= > —_— &
input =267.29 -95.49=171.82 kl/kg
- T
= Winpu = 1.7 kW (COP),, = Qe __ T,
W T,-T
03. 171.82 273+31.31
Sol: Actual COP = 0.15 x Carnot’s COP W (273+31.31)-(273-18.77)
273+2 W =28.54 kJ/kg
=0.15x%
(273 +30)- (273 +2)
=1473 05. Ans: (b)
Sol: For minimum required power input condition
- 8000 4N = 0.003 kw ATTEC POWET TP
24 x 60 % 60 the COP has to be maximum and the
1473 0.093 maximum COP is the reversed Carnot cycle
' i COP.
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T Q
[(COP)Camot ]Refrigerator = T1 _2T2 - WZ
268 0.35
= =
203-268 W
= Whin =33 W

06. Ans: 12 kW

Sol: | 300

| 250 |

Total heat to be removed
=3600x2x[27—(—3)]+3600x230+3600x20x0.5
= 1080000 kJ

P; =120 kPa, P,=800kPa
h; =236.97 kl/kg
h; =hy =95.47 kl/kg
Net refrigeration effect (NRE) = 32 kW
- rhr(hl - h4)
m, =0.23kg/sec

08. Ans: (d)
Sol: m_=0.193kg/sec
s1 =5, =0.93 kJ/kgK
After compression the refrigerant is in super
heated state with entropy = 0.93 at a pressure
1.2 MPa
h; =251.88 kl/kg
h, =278.27 kl/kg
h; = 117.73 kl/kg

Rate of heat removed = R 30 kW )
10x 3600 Heat supply = m (h, —h,)=30.98kW
Actual cop = 0.5x __ RV 2.5
300-250
09.
25 = 30 SOl: A
Power T 2
Power input = 12 kW 3
07. Ans: (¢)
Sol: Tt 4 1
3 S
1 Refrigeration effect = 5 kW
! g he =75 kl/kg, h; = 183 kl/kg,
Ideal vapour compression means the h, =210 kJ/1.<g .
compression starts from dry and saturated | (i) COP= Re fr1gerat'10n effect _h, - h, =4
) work input h, —h,
vapor line.
qace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams

online

Enjoy a smooth online learning experience in various languages at your convenience




AR
lt" “wl
v v
W v

& A7

w Engineering Publications

66

GATE - Text Book Solutions

(i1)) Cooling capacity = m x (h1 —h 4)
5=rmx(183-75)
m = 0.0463kg/s
Power input to the compressor
= tax(h, —h,)
=0.0463 x (210-183)
=1.25kW
(ii1) Heat transfer at the condenser
=0.0463 x (hy—h3)
=0.0463 x (210 —75)
=6.25 kW

10. Ans: (d)
Sol: 1%

h; =117.71 kl/kg at 1.2 MPa
h; =251.8 kJ/kg at 0.32 MPa
h, =278.27 kl/kg

COP

4 2.19bar

> S

_h—hy 2518-11771 o
h,—h, 27827-251.8

hs = hy = 64.6 kJ/kg ,

vi=0.082 m’/kg
n=1.13

NRE (kW) =3.517 x 15=tn_(h, —h, )
m, =0.402Kg/sec

hy = 195.7 kJ/kg

WC(kJ/kg):ﬁPlvl (&] R

1.13-1

_ L3 i9x008 [ 20 )"
1.13-1 2.19
— 28.92 kl/kg

We(kW) = 0.402x 28.92 = 11.62 kW
NRE 15x3.517

COP = =4.54
W 11.62
12. Ans: (a)
Sol: T, )
3
1
4
> S
T, =308K
T 308
T,=—ir=—p
(rp) v (280)1.4
80
T4 =-58°C
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13.

Sol:

Ans: (b)

T 250kPa_n2

100kPa J |

S

For Helium, y=1.67

m = 0.2 kg/sec,

T, =-10'C=263K
P, 250

Pressure ratio, r,=—

=225
P, 100

-1 0.67

14. Ans: 80 W

Sol:
400 K | | 300 K |
Q f Qe
R
100 W
250 K

For minimum value of heat required

Seen =0

dS(reservoir at 400 K) + dS(reservoir at
250K) + dS(reservoir at 300K) + dS(working

T, =T, x(r,)v =263x(2.5)1e7 =379.84K fluid) =0
- 100 .
T, 293 Q_100 Qe 4_¢g . .. (i)
Pt o= 202.87K 400 250 300
() (@5)e Qr=100+Q ..o, (ii)
W, =mC, (T, =T,) Solve (i) and (ii)
o S Q=80W
=1m R (Tz - Tl)
M(y -1)
_02x167x83M4 10 00 o3y LpAee (0, )
4(1.67-1) ' Sol:
— 121 kW e Air refrigeration system is based on
R reversed Brayton cycle
Wi =m M(y-1) (T, -T,) e Vapour refrigeration system is not based on
reversed Carnot cycle
_ 0'2X1'67X8'314><(293—202.87) ‘ ‘
4% (1 67 — 1) e R-32 is the most commonly used refrigerant
=933 kW e Domestic refrigerator is based on vapour
Wi = We— Wi compression refrigeration system
=121-93.3
=27.7kW
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16. Ans: (d)

Sol: R134a
|-> p =4 — Fluorine
n+ 1=3;n=2— Hydrogen
m-—1=1; m=2 — Carbon

Formula is C,, Hy F,, Clg
CoHy Fy
Since it is free from Chlorine atoms hence, it

is called Hydrogen friendly refrigerant.

17.
Sol:

Ans: (¢)
R - 744 — CO,
R -718 - H,O
R290= R(m-1)(n+1) p
m-—1=2,
ntl =9,

m=23
Il=8H2

P =0 flourine
n+tp+q=2m+2
8+0+q=2x3+2
q=0 —> Ch

Formula C,H,F,Cl; — C3Hg

Rsp2, — Azeotrope which is a mixture of two
CFC refrigerants in a definite proportion and
exhibits entirely different properties from

that of the parent.

18. Ans: (d)
Sol:
e Process 2-3 is a constant pressure process.

So, option (a) and (¢) are incorrect.

e Also 3-4 is a throttling process during
which entropy increases. So, option (b) is
incorrect. Hence option (d) is only correct

option.

19. Ans: 1103.44
Sol: h, —h; = 1054
hy — ¢, (T3 — To) = 1054
h, —4.8 (310 -273)=1054
h, = 1231.6 kJ/kg
Reference temperature =273 =T

A

v

S

At reference temperature entropy is zero.

T
/n| — | =4.8/m 310 =0.61kJ/kgK
T 273

$;=C,

Ta(s2—s3) =hy —h;
310 (52— 0.61) = 1054

=061+ 2% _ 401 kikeK
310

s =s; =4.01 kl/kgK

T
S =Cpy En(?oj

48| 292 023k1/KkeK
273

h; —ho=To (s1 —s0)
=260 (4.01 — (-0.23)) = 1103.44 kI/kg
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20. Ans: 10
— O = Chapter
Sol: RC=1Q,=15kW THERMODYNAMIC RELATIONS
MNisen = 0.75,
W (kW) =7 01. Ans: (b)
W, =, (h, —h,) Sol: Clayperon equation is given by
R.C=rm, (h,~h,) (d_Pj _ (b,-n,)
dT Tlv, —
15 = 1, (400 — 250) heo Ve TV
m, =0.1 kg/s (Vg_vf)z%(h%hf)
Wczth(h2_hl) S
= 0.1 (475 -400) = 7.5 kW —> W, e 21 )
W Sol: Joule Thomson coefficient is
ideal
1’]isen ropic <%y dT
trop Wact l"l_] — (_j
. dP h
W, = Wi _ 07'755 =10 kW It is the constant enthalpy line in
Miscnopi ' temperature pressure curve of real gases.
03. Ans: (¢)
Sol:
2
W i) ()
oT ), \ 0V );
( oP j . :
| — | is always negative
oV );
Sep—¢y >0
Hence, c, is always greater than c, .
(b) For an ideal gas
Pv=RT
(d—P] v+P=0
dv ),
e 1)
dv J; A%
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(dvj _(R)_(Vj ) 07. Ans: (b)
dTr ), \ P T Sol: Joule Thomson coefficient is
v’( P} Pv P )y
e, —¢, =-Tx—|-—|=—=R L. )
P T \ T Enthalpy line in on T-P diagram
S ¢p—Ccy=R
op 08. Ans: (b)
() (Ej is always negative. Sol: Joule Thomson coefficient — (0T / dp)n
Z C, for monoatomic gas — 5/2R
(;&P] is always positive Cp — C, for diatomic gas — R
’ (AU /T), — C,
(d) For water (incompressible fluid)
L CpR Oy 09. Ans: (d)
Sol:
04. Ans: (a) e Irreversibility — Loss of availability
Sol: Gibb’s energy ‘G’ is given by G=H - TS e Joule Thomson experiment — Throttling
process
05. Ans: . .
Sol ns: (€) e Joule’s experiment — Mechanical equivalent
ol:
. e Reversible engines — Thermodynamic
e Specific heat at constant volume C, — T(ﬁj temperature scale
A%
e Isothermal compressibility k — _l(@_VJ 10.- Ans: (b)
VP )1 Sol: Clapeyron’s equation for dry saturated
1(aVv steam is given by
e Volume expansivity f - —| —
VioT P de (hg B hf )
(v, =vi)= ), T
e Difference between specific heats at constant h s
pressure and constant volume 11. Ans: (c)
(Co—Coy > - T( 2_5 j ( Z_}/ ]2 Sol: The internal energy of a gas obeying
T P Vander Waals equation (P +--)(v-b) = RT
V
06. Ans: (c) depends on its temperature and specific
Sol: Helmbholtz function is given by H=U - TS volume.
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where,
Chapter RECIPROCATING C = clearance ratio,
14 AIR COMPRESSORS P, = delivery pressure,
P, = suction pressure
01. Ans: (b) n = index of expansion
Sol: n=2, P;=1.5 bar, Py = 54 bar
Intercooler pressure, 06. Ans: ()
P, =,/P P, P &
Sol: n,=1-C (—ZJ -1
— 5415 i
= P;=9 bar i
C = clearance ratio,
02. Ans: (a) P, = delivery pressure,
P, = suction pressure
03. Ans: (a)
1
Sol: n, =1-C (&jn -1 07. Ans: (d)
P Sol: Total work of 3-stages is given by
If clearance (C) is large volumetric 3n P, %1
efficiency (ny) decreases hence volume flow W (n—1) RV, P, -1
rate decreases.
04. Ans: (¢) 08. Ans: (a)
Sol: Mass of air in clearance volume has no 1
effect on work done per kg of air. Sol: 1, =1+C-C (%)n ;P V'=P,V,"
1
05. Ans: (d !
( ) . . . 77Vol:1+C_C ﬂ , & :&
Sol: Volumetric efficiency is given by v, V, P,
1
_ P, | Ny =1+0.05-0.05 0.04 =0.950r 95 %
N =1=C 5] -l v 0.02
1
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09. Ans: (b) 11. Ans: (a)
Sol: Advantages of multi-stage compression are Sol: Del
P A elivery pressure
e Improved overall volumetric efficiency. _
Isentropic
If all compression were done in one B o2 2 Compression
cylinder the gas in the clearance volume ‘/v \ Poly tropic
I . Compression
would expand to a large volume before ICSOtherma.
ompression SO
the new intake could begin. This results Suction pressure AN
. ) ) A > 1
in a very low volumetric efficiency. By
¢ D E

cooling the gas between the stages a
much higher efficiency can be obtained.

e A reduction in work required per stroke,
and therefore the total driving power.

e Size and strength of cylinders can be
adjusted to suit volume and pressure of
gas.

e Multi-cylinders give more uniform

torque and better mechanical balance

thus needing smaller flywheel.

10. Ans: (d)

Sol:

where, C = clearance ratio,

P, .
—= = pressure ratio
1

We can observe from the above expression

P, .
that as C and —* increases 1y decreases.
1

12.

13.

Sol:

14.

Sol:

P-V representation of cycle in a
reciprocating compressor

From the P.V. diagram we can see that work
done is minimum when the compression

process is isothermal.

Ans: (b)

Ans: (d)
Cooling of reciprocating compressor
1. increases volumetric efficiency

2. decreases work input

Ans: 3

TZ — PZ T
=Y

125-1
423 (P, \1>
iﬁ‘(?}
P, =5.57 bar

For optimum intercooling pressure ratios

=
L

are same
LS R '
Pl Pz P3 Pn
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(P j 180 .
| 10 , P T P, |»
i =1x—211+C-C| =
P1 1 () Ny T1 Po (Plj
(5.57)" = 180
1
= n~3.023 3
-7, 288 1+0.05—0.05x(@j”
= n =3 stages 293 101.325 97
=80.92%
15.
Sol: - )
> (i1)) Power required
A n-1
n P, \"
=—P(V.-V, )| =] -1
n—l 1( 1 4 [PIJ

>V
Swept volume, Vg =V |-V; = %x D*xL

x0.2°x03=9.42x10"m’

NP

Clearance volume = V3 = 0.05 x (V| — V3)
=471 x 10* m®
Vi=Vs+V3=9.89x10° m’

R

Vv, |P, 97

Vi=1.79x 10

Effective swept volume = V|-V,
=81x10°m’

PV, Px(V,-V,)

T T

a

_ 101.325xV, 97x8.1x107°
288 293

13-1
= 13 97xg1x107 x| [ 2] -1
13-1 97

= 1.676k]J/cycle

= 1.676><ﬂ =13.97kW
60

(i) Va=7.622 x 10° m’/cycle
V,=7.622 x 10° x 500 = 3.81 m*/min
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05. Ans: (b)
Chapter Sol: .
15 STEAM TURBINES ) Fixed blade B, 5,
S
(03] (05 \_%/

01. Ans: (a) Moving blade
Sol: Exit of fixed blade = Exit of moving blade

e De laval turbine — simple impulse turbine

e Rateau Turbine — Pressure compounded

steam turbine

e Curtis Turbine — velocity compounded

(02 = P2)
Inlet of fixed blade = Inlet of moving blade.

(o1 =P1)

steam turbine Ne A
e Parson— simple daction SRSt Sol: Ljungstrom turbine is steam turbine in
which flow is in radial direction from inside
02. Ans: () to the outside and consists of two halves
Sol: In compounding high speeds of rotors are that rotate against each other.
brought down to normal levels.
07. Ans: (a)
03. Ans: (c) U 320 640 m
Sol: —=cosa.=>V = =
Sol: Blade speed ,U = DY v cos30 V3 °
60
As power generated in the III" stage is 08. Ans: (a)
more than I and 1I stage Sol: Impulse turbine blades are De-Laval blades
Us> Uy = U, which are thick at centre and thin at edges.
D;>D, =Dy ('.'Nis same for all stages) 09. Ans: (a)
04. Ans: (0) Sol: Running speeds of steam turbine can be
U brought down to practical limits by
Sol: —=0.42 compounding. The types of compounding
l are :
U n];ON e Pressure compounding.
Vi= 042 - 042 e Velocity compounding.
_ X 1.2%x3000 — 450 m/ sec e Pressure and Velocity compounding.
60x0.42
ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert

online

Affordable Fee | Available 1M |3M |6M [12M |18M and 24 Months Subscription Packages




AR
lt" “wl
v v
W v

& A7

w Engineering Publications

75

10. Ans: (d)
Sol: Power =FrxV
50 kW =Fr x 400

Ry 501000 oo
400

11.
Sol:

e 50% Reaction — Parson

Ans: (¢)

e Two row Velocity compounded — Curtis
e Simple impulse stage — De Laval

e Pressure compounded — Rateau

12. Ans: (a)
Sol: Change in KE of steam = Work Done

%m(sz —V12)= Work
= Work = %x 1(30> =102 }=400Nm

13. Ans: (¢)
Sol: (Ah), =2.38kJ/kg

(Ah)s = 4.62 kJ/Kg.

(Ah),
(Ah), +(ah)g

238
238+4.62

DR =

14. Ans: (d)
Sol: Given maximum blade efficiency, for 50 %
reaction turbine.

u
= p:COS(XZV
1

Thermal Engineering
Work done,

W:V12(2pcosa—p2)
=V 2pxp—p?)
—V2 Q2 - )= Vi x P

2
V12 x [ij =U?
Vl

15. Ans: (d)
Sol: As pressure drop is gradual in both fixed

and moving blades it is reaction turbine.

16. Ans: 445.97

Sol: .,
h

8593 kPa

S1 =52
Sg1 = Sp + X (Sg2 — Sp2)

5.7081 =2.9206 + {x (5.9735 —2.9206)}

= x=0913

C =0

h; =h, =2751 kl/kg

hy =hp + x (hg —hp)
=1154.5+ {0.913 (2794.2 — 1154.5)}
=2651.55 kJ/kg
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2 2 1
< +h, = ¢ +h, —xV/
2000 2000 S 2
nozzie Ah
C,=44.72 \/h, —h,
0.9 300°
=44.72,/(2751-2651.55) = 445.97 m/s T X Ah
= Ah = 50000 J/kg = 50 kJ/kg
17. Ans: (a)
Sol: Given data : 19. Ans: (b)
N = 0.92, nt = 0.94, Sol: A,=2.5cm’=2.5x% 10 *m?
ng = 0.95, ne = 0.44, P; =10 bar,
1 2
Net power transmitted by the generator P, =2 bar
TIaux = P Y 5 1 \
Gross power produced by the plant T,=500K,
_ gross power —power for auxilliaries T,=? /
gross power cp= 1005 J/kg.K,
_gross power—6%of gross power cy="718 J/kg.K
gross power ¢, 1005 P
~1-0.06 N B
= vl 0.4
Overall efficiency T, =T, o) =500 x m =315.7K
1
(Mo) = Mb X NT X Ng X Ne X Naux
\'A v,
=0.92 x0.94 x0.95 x 0.44 x 0.94 h+——+Q=h, +—2+W
2 2
=0.34 &
=349, Q=0, W=0, Vi=0
o Vo= J2¢ (T, -T,)
18. Ans: (a)
Sol: Given data : = 12x1005(500-315.7)
u=150 m/s, = 608.64 m/sec
U 05 Specific volume,
v, RT,
V) = P_
139 052 v =300m/s 2
‘ = BT 453 mike
2x10
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Mass flow rate, u _cosa
= A2V2 Vi 2
Va u  cos20°
- 837.83 2
_ 2.5x107" x608.64 _ 0.3358 kg / sec
0.453 = u=393.65m/s
20. Ans: 2.319 22. Ans: (d)
Sol: I: mh,—Q=mh,+W
Wl P, =1MPa Sol:_mh, ~Q=mmh, + W,
Wr=m(h, -h,)-Q
=10.25 (3486 —3175.8)] — 50
=27.55kW
23. Ans: (b)
— Sol: Work given by z- stage Curtis turbine.
Z = no. of stages
1-2s — isentropic expansion Work given by last stage of Curtis turbine = 2u’
1-2 — actual expansion Wiowl = 2u° X (2°) = 6400
Wil = last stage work x (z°) = 6400
Sgen = Sproa =M (S — S1) — dQ No. of stages, z =4
T
. = 6400
Adiabatic turbine, dQ = 0 and moisture at - Last stage work = 2
exit is negligible. 6400 _ 400 KW
. Sgen=m (S2 — S1) T
=3(7.359 -6.586) =2.319 kW/K
24. Ans: (¢)
21. Ans: (a) Sol: Ideal regenerative Rankine cycle efficiency
Sol: V=44.72,/h, -h, is same as Carnot cycle efficiency.
=44.72,/(2935-2584) = 837.83 m/s n zl_L
T,
For maximum blade efficiency in impulse 1
turbine, o 274273) 300 g,
(327+273) 600
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25. Ans: (b)

Sol: n

1.17xV?

h, 2 =999x9.8x0.045

V,=27.44 m/s
hy

h, 28. Ans: (b, d)

Sol:

Actual enthalpy drop

n Turbine —

Isentropic enthalpydrop

32002560

=—— =0.8=80%
3200 -2400

26. Ans: (a)
Sol: V,=60m/s, u=230m/s
Specific work done =V, x u
=60 x 30 = 1800 J/kg

0 o  B=90°

th2 = V2

27. Ans: (b)
Sol: Manometer reading,
Py — P, =45 mm of water
=0.045 m of water
Pressure at section, P; =100 kPa (abs)

V;=1200 m/s, o =20°

u=u=u
- o
Temperature, T, =25°C Vo1 =V, cosa

. _ 3
Density of water, Ppw =999 kg/m — 1200 x c0s20° = 1127.63 /s

pairx\/2
Pl_Pzsz u =06
le
3
P 10010y 169 % 1.17 ke/m? = u=0.6xVu

Par = RT ~ 287x 298
P, — P> =pw g (Ah)

=0.6 x 1127.63 = 676.578 m/s
Blade velocity = 676.58 m/s
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!

Work done/s = F; x u
= 1/hs(\/wl i Vw2) u

=1x(1127.63 £ 0) x 676.578
=762929.65 J/kg = 762.93 kl/kg

29. Ans: (a, d)

Sol: w Vi

V1 =400 m/s,
blades

maximum blading efficiency.

o =20°

Given, are operating close to

u _cosa

v, 2
Vi1 = Vi (No blade friction)
0 = ¢ (equiangular blades)

Vi

le
Vw1 = Vi cosa =400 cos20° = 375.87 m/s
Vi = Vi sino = 400 sin20° = 136.8 m/s

Consider inner inlet triangle,

tan 0 = Vi
wl —u
9 = tan_l(VVfl J
wl —u le -u
= tan‘l( L J =36.05°
375.87 —187.94
0=¢=236.05°
V, = Y“ =— 126.8 =23245m/s
sin®  sin(36.05°)
V. +u
Vi1 =V =232.45 m/s |« 2 »|
¢
V,,+tu
cosh=—¥=——
(I) Vr2 Vrz Vf

V2=V cosd—u
=[(232.45 x cos 36.05°) — 187.94] =0
Iills (le i VWZ )X u

1000

0.6x(375.87+0)x187.94
1000

=42.38 kW
Diagram efficiency
2ux(V,, £V,,)

Power =

_ wl —
From U _cosa (nblade) = V2
9
1
v, 2
Vicosa  400x cos20° _2x187.94(375.87+0) _ 0 1,
u= = =187.94 m/s = 2 0 /0
2 (400)
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30.
Sol:

(OR)

Maximum diagram work = 2u’

Maximum diagram power = i x (2u2)

2
=0.6x (2 X (%cos 20°J j =42.38 kW
Maximum blade efficiency

(Mblade max) = €OS” O
= cos” (20°) = 88.3 %

Ans: (b, ¢)

The supersonic velocity in the flow can be
found for de-Laval turbine.

The blade thickness is more at the centre
of impulse turbine blades.

Degree of reaction is 50% for a Parson
reaction turbine.

Both impulse and reaction turbines need

31.

Sol:

32.

Sol:

Ans: (a, ¢, d)

Ljunstorm turbine is outward flow
reaction turbine

Normal shock waves are developed only
in the diverging portion, because, the
normal shock waves are characteristics of
supersonic flow.

Mass flow rate increases with metastable
flow

Mass flow rate cannot be changed with

normal shock wave.

Ans: (a, b, d)

The blades are arranged for Parson’s
turbine to have the converging passages.
Chances of flow separation is less in
Parson’s turbine

For the same blade speed the Parson’s

compounding. turbine maximum work output is not more
than that of De-Laval turbine
Maximum work of De-Laval turbine = 2u®
Maximum work of Parson’s turbine = u’
The relative velocity increases in the
Parson’s turbine.
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