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WO05: 6 AN: Mc 405 (1458)
THERMAL SCIENCE AND ENGINEERING
b ’ Time : Three hours
- Maximum marks : 100

Answer FIVE questions, taking ANY Two from Group A,
ANY TWO from Group B and aw. from Group C.

All parts of a question (a, b, etc) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing data or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
Use of Mollier Chart and Steam Tables are permitted
Group A

1. {a) Define property and mention its main characteristic
in relation to a cyclic process. ' 4

{b) In what respects are the heat and work interactions
(1) similar and (77} dissimilar ? 4
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(c) It is desired to compress 10kg of gas from 1-5m?

to 0-3m? at a constant pressure of 15 bar. During
this compression process, the temperature rises from
20°C to 150°C and the increase in internal energy
is 3250 kJ. Calculate the work done, heat iqgeraction
and change in enthalpy during the process. Alsd work

_ out the average value of specific heat at constant
pressure.

2. {a) Staie and prove Carnot theorem.

(b) What does the principle of entropy increase,
specify ?

{c) A reversible heat engine receives heat from a high

temperature reservoir at T, X and rejects heatto a
low temperature sink of 800K. A second reversible
engine receives the heat rejected by the first engine
at 800 K and rejects toacold reservoir at 280 K. Make
calculations for temperature 7', : (1) for equal thermal
efficiencies of the two engines, (/i) for thetwo engincs
to deliver the same amount of work.

{a) Derive Clapeytron’s equation. What is its use and
limitations 7

(6} How does Rankine cycle differ from: Carnot cycle for
a vapour?

{c} A steam turbine working a Rankine cycle is supplied
with dry saiurated steam at 25 bar and the exhaust
takes place at 0-Z bar. For a steam flow rate of

10kg/s, determine o

{7} quality of steam at end of expansion

AMIE(]) Study Circle, Roorkee

12

12

4

{ Continued)

www.amiestudycircle.com
(i) turbine shaft work
(iif) power required to driw; the pump
(1v) work ratio
{v) Rankine efficiency

(v7) heat flow in the condenser. ‘ 12

4. (a) Describe a simple vapour compression cycle giving

5.

6 AN MC 405 (1498) (3)

(&)

{c)

{(di

{a)

clearly the flow diagram. » 4

Define dry-bulb temperature and the wet-bulb
temnperature. When do these become équal to each

other? 3

What are the two basic types of Internal combustion
engines 7 What are the fundamental differences

between the two ? 3

The steam consumption of a 20 BHP double acting,
non-condensing steam engine is 9 kg/BHP/hr. The
pressure of the exhaust steam is 1-2 ata and quality
is 0-85 dry. If the diameter of the exhaust pipe is
1S cm, what will be the velocity of steam in the exhaust

pipe, when the engines develops 18 BHP ? 10
Group B

Write down unsteady state three-dimensional heat
conduction equation in rectangular coordinates with

heat generator and give the meaning of each term. S

( Turn Over)
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(b) Analuminium (k =204 W/mK) rod 2 cm in diameter (c) How can one determine the fouling factor of a heat
and 20cm long protrudes from a wall which is = exchanger ? , 2
maintained at 300 °C. The end of the rod is insulated

\ (d) Whatis Dettus-Boelter's equation ? Where and when
and the surface of the rod is exposed to air at 30°C. '

does it apply ? 2
. The convective heat transfer coefficient between the
rods surface and air is 10 W/m2K. Calculate the heat - (e) Define Grashof number and explain its significance
lost by the rod. Also calculate the temperature of the in free convection heat transfer. 2
rod at a distance of 10cm from thewall. 15 () It is desired to cool oil from 120°C to 50°C using
6 Explain the following - 9 T a double-pipe heat exchanger. The cooling water
- (a) Exp © totlowing : ’ . enters the heat exchanger at 20 °Candleavesitat40 °C.
(i) Black body radiation ' - Calculate the LMTD for
(if) Reflectivity Co . Sl (7} aparallel-flow heat exchanger, and

(i) Transmissivity (if) for a countercurrent heat exchaﬁger. 10
- Co 8. (a) What is meant by film condensation and drop-wise
(iv) Absorptivity condensation ? o ” - 4

(v) Kirchoff’s law - (&) Distinguish between nucleate boiling and film boiling. 4

(vi) Gray body “¢c) A tube of 2m length and 25 mm outside diameter

is to be used to condense saturated stream at 100 °C
: ~ while the tube surface is maintained at 92 °C. Estimate
(b) A steel tube, 0-05m diameter, 4-Om length, at - the average heat transfer coefficient and rate of

(vii) Emissivity.

temperature 600K islocated in (1) a large brick room, ! : condengaﬁon of steam if the tube is kept horizonta,l».
having wall femperature 300K, (i) ina brick conduct The steam condenses on the outside of the tube. Use
of size 0-4m x0-4m at 300K. Estimate the heat " - the data given below :
loss by radiation in each case. Take emissivity of steel At 96°C:
as 0- 8, for rough red brick 0- 93 respectively. 6 " k,=0-08 W/mK

7. (a) Define the effectiveness of a heat exchanger. 2 , bp=293-4x10 ® Ns/m’

and o=961 kg/m>
(b) Define the Log Mean Temperature Difference - At 100°C, A = 2257 kJ/kg.
6 AN : MC 405 {1498) (4) (Continued) 6AN: MC 405 (1498) (5 ( Turn Over)
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Group C
9. Answer the following questions - o 2x10

(7) Define internal energy. Is it-a fﬁnction of state or a
process ? -

(if) What is throttling process? Point out its salient
. aspects.

(ir) Statethedifference between the thermodynamicand
empirical scale of temperature.

(iv) What main conclusions can be drawn with respect
to the efficiency of a Carnot engine ? .

(v) Define the number of heat transfer units (NTU)."

(vi) What are the factors responsible for fluid motion in
natural convection ?

(vii') What is meant by lumped heat capacity analysis ?

(viir) State the general heat conduction in cartesian -
coordinates.

(ix) What is perpetual motion machine of second kind ?
Why such a machine cannot be constructed in actual
practice 7

(x) State Kirchoff’s law for radiation and highlight its
significance.

6AN: MC 405 (1498) (6) . BG—500
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THERMAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum marks : 100

Answer TIVE questions, taking ANY Two from Group A,
ANY TWO from GroupB and AL from Group C.

All parts of a question (a, b, etc) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing data or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
Group A

1. (a) Explain the following terms in the context of
thermodynamics: (7) System, {7/} Surrounding,
(i) Universe, (iv) State, (v) Propertics. S

(&) State and cxplain the conditions to be satisfied for
thermodynamic equilibriumn. S

(c¢) The two modes of energy transfer are work and heat.
Does the mode of energy transfer depend upon the
choice of a system ? Support your answer with the
help of an example. h

(Turmn Over)
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d} 3 gm of nitrogen gas at 6 atm and 160°C in a

MC

408 (2)

frictionless piston-cylinder device is expanded
adiabatically to double its initial volume, then
compressed at constant pressure to its initial volume
and then compressed again at constant volume to its
initial state. Calculate the network done on the gas.

(2) An inventor claims to have designed a heat engine

which absorbs 260kJ of energy as heat from a re-
servoir at 52 °C and delivers 72 kJ work. He also states
that the engine rejects 100kJ and 88 kJ of energy to
the reservoirs at 27 °C and 2 °C, respectively. State
with justification whether his claim is acceptable or
not.

{b) a reversible engine works between three thermal

reservoirs A, B and C. The engine absorbs an equal
amount of heat from the thermal reservoirs A and
B kept at temperatures T, and T, respectively, and
rejects heat to the thermal reservoir C kept at
temperature 7T,.. The efficiency of the engine is o
times the efficiency of the reversible engine, which
works between the two reservoirs A and C.
Prove that

T T
= (Qa-1)+2(1-a) =2,
TB TC

(¢) A Carnot engine receives energy from a reservoir at

T,., through a heat exchanger where the heat transfer
rate Qs proportional to the temperature difference
and is given by Q;,= K (T, - Ty). It rejects heat at
a given low temperature 7,. To design the heat
engine for maximum power, show that the high

temperature 7}, should be selected as T,,=\/ I, T,

7

( Continued)
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Deduce expression for the second Tds equation,

given that
) --&)
ap T aT p,
S, 0. T and V haveusual meanings. Hence, prove that
the Joule-Kelvin coefficient of an ideal gas is zero.

Two moles of an ideal gas at temperature T and
pressure p are contained in a compartment. In an
adjacent compartment is one mole of an ideal gas
at temperature 27 and pressure p. The gases mix
adiabatically but do not react chemically when a
partition separating the compartment is withdrawn.
Show that the entropy increase due to mixing
process is given by

R'(1n2_7+——" +1n§3)
2 Tyt

- provided that the gases are different and the ratio of

(5)

specific heats y is the same for both gases and
remains constant. R is the universal gas constant.

Prove Clausius inequality and hence prove the
principle of increase of entropy.

A steam power plant operates between a boiler pres-
sure of 4 MPa and 300°C and a condenser pressure
of 50 kPa. Determine the thermal efficiency of the
cycle, the work ratio and the specific steam flow rate,
assuming the cycle to be a simple ideal Rankine cycle.

A gas turbine plant operates on the Brayton cycle
between 7, =300K and 7, =1073K. Find the
maximum work done per kg of air, and the
corresponding cycle efficiency. How does this
efficiency compare with the Carnot cycle efficiency

operating between the same two temperatures ?

3

4
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(c) Prove that for the same compression ratio, the 6. (a) Distinguish between fin efficiency and
efficiency of the Diesel cycle in less than that of effectiveness. 4
the Otto cycle. S

(#) A thermocouple in a cylindrical well is inserted in a
gas stream (Fig. 1.). Estimate the true temperature
of the gas stream if 7T, (the temperature indicated by
the thermocouple =260°C, T, (wall temperature)
=177°C, h= 680 W/m’K, K= 1038 W/mK,
t=2mmand L =6 cm. 8

(d) In an aircraft cooling system, air enters the
compressor'at 0-1 MPa, 4°C, and is compressed to
0-3 MPa with an isentropic efficiency of 72%. After
being cooled to 55°C at constant pressure in a heat
exchanger, the air expands in a turbine to 0-1 MPa
with an isentropic efficiency of 78%. The low
temperature air absorbs a cooling load of 3 tonnes
of refrigeration at constant pressure before Thermocouple
re-entering the compressor which is driven by the
turbine. Assuming air to be an ideal gas, determine
the C.O.P. of the refrigerator, the driving power

required, and the air mass flow rate. . 5

\ Group B

5. {a) State Fourier’s law of heat conduction. Derive, in
spherical coordinates, the heat conduction equation
in three dimension with heat generation using

., . 7 S
Fourier’s law of heat conduction. 2+8 ///////////////////////////M
(b) A steam pipe, 170/160 mm in diameters, is covered Fig. 1
with two layers of insulation. The thickness §, of the
first layer is 30 mm and that of the second layer 6, {c) Water flows over aflat plate measuring 1m x | m with
is 50mm. The thermal conductivities K| , K, and K, a velocity of 2m/s. The plate is at a uniform
of the pipe and the insulating layers are 50; 0-15 and temperature of 90°C and the water temperature is
0-08 W/mK, respectively. The temperature of the 10°C. Estimate the length of a plate over which the
inner surface of the steam pipe is 300°C and that of flow is laminar and the rate of heat transfer from the
the outer surface of the insulation layer is S0°C. entire plate. The properties of water at 50°C are
Determine the quantity of heat lost per metre length j 0=988-1 kg/m?, v=0556x10"% m?%/s, P=3-54
of steam pipe and layer contact temperatures. 10 and K'=0-648 W/mK. o 8
M¢4(\: (1498) (4 (Continued ) MC405(1498) (s (Tum Over)
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(¢) The distance of the sun from the earth is 150 x 10°

7. (a) What is the effect of inc@alion of a tube or plate km. If the radius of the sun is 0-7 x 10% km and its
o“n th;: average condensation heat transfer coeffi- temperature is 6200K, estimte approximately the
clent: 3 mean temperature of the earth. Assume that the rate

(b) The maximum allowable surface temperature of an of radiative transfer from the sun to the earth is equal
electrically heated vertical plate 15 cm highand 10 cm to the radiant transfer from the earth to the outer
wide is 140 °C. Estimate the maximum rate of heat space which is at 0 K. Consider the earth and the sun
dissipation from both sides of the plate in an as black bodies. 7
atmosphere at 20°C. The radiation heat transfer Group C
coefficient is 8-72 W/m?K. For air at 80°C, take

9. Choose the correct answer: 1x20
v=2109x10"% m?s, P=0692 and K=003
W/mK. 7 (/) In the absence of any unbalanced force within the
system itself and also between the system and the
. (¢} Thecrank case of an automobile is 80 cmlong, 30 cm surroundings, the system is said to be in

wide and 10 cm deep. Find the rate of heat flow from o
the crank case to the atmosphere when the auto- (2} thermal equilibrium
mobile is moving at 90 km/hr. Assume that the vibra- {&) mechanical equilibrium
tion of the engine and the chassis induce the transition (c) chemical equilibrium
from laminar to turbulent boundary layer over the (d) phase equilibrium
entire surface. Also, find the drag force on the total . L
surface of the crank case (i) A process, which is defined by the locus of all the

Take the same average convective heat transfer equilibrium points passed through by the system, is
coefficient and average shear stress for front and rear known as
surfaces as for the bottom and the sides. Crank case (a) static process
surface tempfaratucre is 75°C and atmosphe.ric air (5) dynamic process
t(f,mperature is 5°C. At 403 C for properties of (c) quasi-static process
air, take ¢=1-128 kg/m’, C,=1007 J/kgK, (d) none of the above
u=191x10"%kg/ms, K=00285 W/mK. 10 , , )

{(i7) The triple point of water is
8. (a) For a balanced counterflow heat exchanger where '
) , . (a) 273K
m, C,= m,_C,, show that the temperature profiles of
the two fluids along the heat exchanger are linear (b) 273-16K
and parallel. 6 (¢) 27302K
) ) ) (d) none of the above

{6} State and explain the reciprocity theorem in
connection with radiation heat transfer. 7 MC 405(1498) (7)) (Continued )

MC 405 (1498) ( 6) (Continued )
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(/v) The internal energy of a system is a

{a) point function
(6) path function
{c) vector function

{d) none of the above

{v) If A is the enthalpy of a fluid before throttling and
h, is the enthalpy after throttling, then

(2) h>h
(b) h<h
(c) h=h
(d) b=h

(vi) A heat reservoir is defined as a body of

(a) low heat capacity
{b) medium heat capacity
{c) large heat capacity
{d) infinite heat capacity
{(vii) If 5Q represents the heat transfer at a part of the
system boundary b during a portion of the cycle, and

T is the absolute temperature at that part of the
boundary, then Clausius inequality states that

u)g(%ﬂfo

MC405(1498) { 8 ) (Continued )
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(c) § [6—7(:))[,50

(ﬂ@(%ﬂfo

{viii) The second Tds equation is

(a) Tds=dH+vdp
(b) Tds=du+pdv
(c) Tds=dH-vdp

{d) none of the above

(ix) The entropy balance equation for a closedAsystem,
undergoing a change of state from 1 to 2, is

given by

(2) -5 =$ (Qg]'b%c
: 2

(b)S-S=§(%3;o

2
8Q
(c) §-8§ = —=] o
s-s=§ (),
@ s-5=§ (29 /o
1 T
where o is entropy production and b is boundary.

MC405(1498) (9 (Continued )
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(x) A simple steam power plant operates in a (xiv) If K is the thermal conductivity of an isulator,
) h, is the surface coefficient of heat transfer to the

(2) Carnot cycle surrounding, then the critical radius of insulation,

(&) Stirling cycle

¥ is given by
(c) Ranking cycle 5
(d) none of the above (a) —
k
(x7) The ratio of partial pressure of water vapour in a P
mixture to the saturation pressure of pure water at (b) 5
the same temperature of the mixture is called a
(a) degree of saturation (c) B+ k
(5) humidity ratio "{d) none of the above

{c) relative humidity

(xv) For a long thin fin with insulated top, the fin
(d) none of the above

efficiency is given by
(xi) For a plate of thickness ¢, area A and thermal con-

- . ' tanh (m/)
ductivity, K, the thermal conductance is given by {a) i
) by i
\ t tanh (ml)
t
. t ml
(&) KA (c) anh
(c) ‘[g (d) none of the above,
A
d =
( )kT

where / is the length of the fin and m =\j %—: .

i flectivity and <, the
(i) ifazsrlxii:st;ls);;fn;?rni;t::i;rtt:h e Y i (xvi) The fin effectiveness of a rectangular fin of
R Y ' minimum weight with width 5 is given by

(a) a=o+71 ’
(b) a=p-1 bb%
(c) a=1-90-71 . (a) 0005 (5-1-(]
(d) a=go+1-1
MC 40< ©~ 198) ( 10 ) (Continued ) MC 405 (1498) (11 ) (Turn Over)
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1 {xix) The ratio of buoyance to viscous forces is called
2k]2

i {2) Reynolds number
hb

{4) Prandtl number

(c) Grashof number

(b) 0889 [

1

2 (d) Biot number
{c) 0889 [ﬂ,)
2k

(xx) Dittu’s Boelter equation for Nusselt number in fully
developed turbulent flow in smooth tubes for
(d) none of the above cooling of the fluid is given by

{xvzi) If the turbulent boundary layer on a flat plate is (2) 0023 R®® p*
assumed to start at the leading edge, the average 08 102
friction coefficient C, over a length L is given by (6) 0023 R P

(c) 0023 R%® pO3

0-00S
(a) — > (d) 0-023 R*? pP**
(Re,)
where R, is the Reynolds number and P,, the
(5) 0072 Prandtl number.
( ReL)o.z !

(cj 009 (R, )**

(d) none of the above
where R, is the Reynolds number

(xvifi) The ratio of internal thermal resistance of a solid
body to its surface thermal resistance is called
(a) Biot number
(b) Eckert number
{c¢) Fourier number

(d) none of the above

MC 405 (1498) ( 12 ) {Continued ) MC 405(1498) (13 ) AG—2,000
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THERMAL SCIENCE AND ENGINEERING
. Time : Three hbu_rs
Maximum marks : 100

Answer FIVE questions, taking ANY Two from Group A,
ANY TWO from Group B and aLL from Group C.

All parts of a question (2, b, etc) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data ma y be assumed suitably
giving proper justification.

Figures on ;tbe rght-hand side margin indicate full marks.
Use of. .§teém tables and Mollier chart are permitted.
Use of Psychrometric chart and Refrigerant tables are permitted.
Group A

1. (a) Define the first law of thermodynamics for a closed
system. Explain the limitations of the first law. 4

(b) Distinguish clearly between the following, giving
examples wherever necessary : 4

(7) Closed system and open system;

(i) Heat and work;
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3.

(iir) Point functions and path functions;

(iv) Enthalpy and internal energy.

(c) 2m? of hydrogen at a pressure of 1 bar and 20°C
is compressed isentropically to 4 bar. The same gas
is expanded restored to original volume by constant
volume heat rejection process. Determine ( 1) pressure
volume, temperatures at each end of operaﬁon,
(i) heat added during the isothermal process, { ii7) the
heat rejection during the constant volume process, and
(1v) change in internal energy in each process.

AMIE(]) Study Circle, Roorkee

Assume R=4-206 kJ/kg’K, C,=1425kI/kg’K. 12

{a) Siate the second law of thermodynamics as stated
by Kelvin-Plank and Clausius. Show the equi-
valence of the above two statements.

(&) In order to check the validity of the second law, m,
kg of the fluid at a temperature of T, is isentropically
and :idiabatically mixed with m, kgoffluidattempe-
rature T, (T, > T,). Determine the changein entropy
of the universe and find an expression for the same
for equal mass of fluid. Also, prove that the change
in entropy is necessarily positive and is given by

T, +7,
2\{ 1,7,

(a) State and prove the Clausius inequality

log

§6—7(,) <0 for airreversible process

%Q =0 for a reversible process.

12

www.amiestudycircle.com

(&) How the Rankine cycle differ from the Camot cycle
for a vapour ?

(c) A steam turbine receives steam at a pressure of 20
bar and superheated to 88-6 °C. The exhaust pressure
is 0-07 bar and expansion of steam takes place
isentropically. Using the steam table, calculate the
following :

(7) Heat supplied, assuming that heat pump supplies
water to the boiler at 20 bar;

(if) Heatrejected;

{iif) Net work done;

(i/v) Work done by the turbine ;

{v) Thermal e_fﬁciency;

(v) Theoretical steam consumption.

If the actual steam consumption is Skg/kWh, what
is the efficiency ratio of the turbine ?

(a) Define the following terms: _
DBT, WBT, DPT, RH and specific humidity w
used in air-conditioning.

Prove that, for the mixture of gases mole fraction,
each constituent in a mixture of perfect gases is the
same as its volume fraction and also the ratio of its
partial pressure to the total pressure is _

n; Vi' pi

n v p

(6

4

12

4
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{cY During the test of a single-cylinder oil engine working
on the four-stroke cycle and fitted with a rop brake,
the following readings are taken:

Effective diameter of a brake wheel = 630 mm, dead
load on the brake=200N,
reading=30N, speed =450rpm, area of indicator

spring balance

diagram = 420 mm?, length of indicator
diagram = 60 mm, spring scale=1-1 bar per mm,
diameter of the eylinder = 100 mm, stroke = 150 mm,
quantity of oil used =0- 815 kg/hr, calorific value of

oil = 42,000 kJ/kg.

Calculate the brake power, indicated power,
mechanical efficiency, brake thermal efficiency and
brake specific fuel consumption. 12

Group B

{a) Decrive an expression for the temperature distribution
and heat tlow from a fin whose one end is insulated. 6

{£) Afurnace wall consists of 200 mm layer of refractory
bricks, 6 mm fayer of steel plate and 100 mm laver
of insulation bricks. The maximum temperaturc of
the wall is 1150°C on the furnace side and the
minimum temperature is 40 °C on the outermost side
of the wall. An accurate cnergy balance over the
furnace shows that the heat loss from the wall is 400
W/m®. It is known that there is a thin laver of air
between the layers of refractory-bricks and steel plate.
Thermal conductivities for three layes are 1-52, 45
and 0-138 W/m°C, respectively. Find

(/) how many mm of insulation brick is the air laver
equivalent.

AMIE(]) Study Circle, Roorkee
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{if} thetemperature of outer layer surface of the steel
plate. 14

Define the following laws of r.adiation: Ix3
{1) Stefan-Boltzmann law ;

(/7) Plank’s law; and

('} Kirchoff’s law.

An enclosure is formed by three surfaces. Details of
their shape factors, emissivities and temperatures are

as under:
Shape Emissivity Temperature
curved cylindrical ~ 0-8 500°C
one end closing disc 0-85 400°C
other end closing disc 0-85 400°C

Diameters of two closing plate discs and interspacing
between the two are 25 mm and 100 mm, respecti-
vely. Shape tactor between two identical discs is 0-3.
Calculate the net rate of radiation heat flow leaving
from surface 1 and reacting to each of the surface 2
and 3. 11

Derive an expression for the LMTD tor a parallel flow
heat exchanger. 6
Oil (C,=3-6 kI/kg"C) at 100°C flows at a ratc of
30,000 kg/hr.and enters into a parallel tlow heat
exchanger. Cooling water ( C,=4-2ki/kg"C) enters
the exchanger at 10°C at a rate of S0,000 kg/hr. The
heat transfer area is 10m® and u = 1000 W/m"°C.
Calculate the following : Tx2

(7) Outlet temperature of oil and water ;.and

(i) Maximum possible outlet temperature of water.
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8. {a) Define the following:

- (1) Free and forced convection;

(/) Energy equation for a boundary layer for a flow
over a hot flat plate ; and

(iii) Relationship between thermal boundary layer
thickness and hydrodynamic boundary layer
thickness.

(b} Air is flowing over a flat plate of 5m long and 2-5
m wide with a velocity of 4m/sec at 15°C. If

0=1208kg/m® and y=147x10"5 m?/sec,
calculate : o

(7} length of the plate, over which the boundary layer
is laminar, and thickness of the boundary layer
{laminar) ;

(i) ‘shear stress at the location where the boundary
layer ceases to be laminar ; and

(iif) total drag force on both sides on that portion
of the plate where boundary layer is laminar. 4 x 3

Group C
9. Answer the following questions: ) 2x10
{7} Define the zeroth law of thermodynamics.
(17} Define the availability. '
(i} Differentiate between IC engine and gas turbine.
(v} Adiabatic mixing of two a;ir-slrcams.

MC 405 (1498) (6)
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(v) Efficiency of a Carnot cycle.

-{vi) Define the unsteady state heat conduction.

(vii') Concept of black body.
(viif) View factor or shape factor.
{ix) Free and forced convection.

(x) NTU-method used in heat exchangers.
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S’07 : 6 AN: MC 405 (1498)

THERMAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum marks : 100

Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and aLL from Group C.

All parts of a question (a, b, etc) should be
answered at one place.

Answer shpuld be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin jndic;étc f_ull marks.
" Use of steam tables and Mollier chart are permitted
Use of Péychrometric chart and Refrigerant tables arevpel"mitted
Group A

1. (a) Which are the characteristics common to both
work and heat ? _ 2

. (b) What is Clausius equation of state and how does it
differ from ideal gas law ? 2

{c) What is an adiabatic process and how does it differ
from insentropic process ? 2

(d) What is entropy generation ? Can it be negative ?
Explain. 2
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{e) A cylinder of 0-5m in diameter, with a functionless (d) Does the thermal efficiency of an Otto engine depend

2.

piston, contains saturated steam at SOOkPa. The
piston is 0-Sm above the base of the cylinder. The
piston is held in position by means of latches and energy
is added as heat until the pressure of the steam is
1 MPa. Determine the final temperature of the steam
and the energy transferred as heat. Now, the piston
is released and the energy is added as heat at constant
pressure until the steam temperature is 700°C.
Determine the amount of energy added as heat and

the final position of the piston. 12

(a) How is the COP of a heat pump related to the COP

{e)

on whether the gas or working fluid is monoatomic
or diatomic 7 Explain. 2

By using Maxwell’s relations for thermodynamics,
show that the Joule-Thomson coefficicnt, u, of a gas
can be expressed as
(.- Tl 0
b= [5—9 h -E'; 3T\ 1p
12

4. (a) Sketch an air standard diesel cycle on p-v and

T-s diagrams. How does it differ from Otto cycle? 4

. ) (b) Explain adiabatic saturation and thermodynamic wet-
(_)f a refrigerator? 2 " bulb temperature. When are the adiabatic saturation
(5) State the Camnot theorem. o . and wct-t.mil? tcmpe.raturc ec-luivalcnt for the
atmospheric air. What is dew-point temperature ?
(c) State the Clausius inequality. _ o2 (¢) A house is to be maintained at 25°C in summer as
. - well as winter. For this purpose, it is proposed to use
(d) Define Helmholtz function and Gibbs' free energy. 2 a reversible device as a refrigerator in summer and
a heat pump in winter. The ambient temperature is
(e) Derive the following relation for the entropy change 40°C in summer and 3 °C in winter. The energy losses
of an ideal gas as heat from the roof and the walls are estimated at
As=C,In(v,/v,)+ C,In(p,/p,) 12 SkW per degree Celsius temperature difference
_ ‘between the room and the ambient conditions,
3. (a) What is Clapeyron equation ? 2 Calculate the power required to operate the device in
‘ , summer and winter. 12
(b) Differentiate between open-cycle and closed-cycle '
gas turbines. 2 vGroup B
S.7 (a) What is the critical thickness of insulation on a small
(c) Whe.xl is r.neam by refrigeration ? Define a tonne of diameter wire or pipe? Explain its physical signifi-
refrigeration. 2 cance and derive the expression for the same. 4
MC 405 (1498) (2) (Continued) MC 405 (1498) (3) (Turn Over)
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6.

*

hS

MC 405 (1498)

o) Diiferentiate between conductivily and conductance.  Z

(o)

Explain thermal diffusivity and thermal resistance.

{d} The temperature of air, in an air stream is a tube,

(a)

{b)
(o)

(d)

is measured by a thermometer placed in a protective
well filled with oil. The thermowell is made of steel
tube of 1-Smm thick sheet of length 120mm. The
thermal conductivity of steel=58-8 W/(mK) and

h,=23-3W/(m?-K).If the air temperaturerecorded
was 84°C, estimate the measurement error if the
‘temperature at the base of the well was 40°C. -

What is the Dittus-Boelter equation? Where and
when does it apply. '

Explain, in detail, the Colburn analogy.

Explain Nusselt; Prélndtl, Reynolds, and Stanton
numbers and their significance and forced convection.

Water at 20 °C flows normal to the axis of a circular
tube with a velocity of 1-5m/s. The diameter of the
tube is 25mm. Calculate the average heat transfer
coefficient of the tube surface is maintained at a
uniform temperature of 80 °C. Also, estimate the heat
transfer rate per unit length of the tube. Properties
of water at T,=(20+80)/2=50°C are: specific
heat, C,=4-1813 kJ/(kg-K), kinematic viscosity,
v=0-568x10~°m?/s, Thermal conductivity
k=0-6395 W/(m-K), Prandtl no., Pr=3-68,

Density, ¢ =990kg/m?, Dynamic viscosity of water
(u,) at 80°C=3-5456x 10 ™ “kg/(m-sec), u_ at
20°C=1-006 x 10 ~ * kg/(m-sec). Use the relation

_ ) u,11/4
N,=(0-4 R%S+0-06R>}) P [—] .

Wy

(4)
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(a) Discussbriefly various regimesinboiling heattransfer. 4

(D)

(c)

{a)

(b)

Distinguish between :

() A black body and a gray body

{(ir) Absorptivity and emissivity of a surface
(#if) Specular and diffuse surfaces

(iv) Total emissivity and equilibrium emissivity.

The configuration of a furnace can be approximated
as an equilateral triangular duct which is sufficiently
long that the end effects are negligible. The hot wall
is maintained (this wall is black) at T, = 1000K. The
cold wall is at T, =700K and has an emissivity of
g, =0-8. The third wall is re-radiating zone for
which Q, = 0. Calculate the net radiation flux leaving
the hot wall.

Name the law which establishes a relationship
between the emissive power of a surface to its
absorptivity. Write the statement.

A metallic bar at 37 °C is placed inside an oven whose
interior is maintained at a temperature of 1 100K. The
absorptivity of the bar (at 37 °C) is a function of the
temperature of incident radiation and a few

representative values are given below :

Temp (K) 310
a 0-8

700
0-68

1100
0-52

Estimate the rate of absorption and emission by the
metallic bar

EMAIL: pcourses@hotmail.com  Ph: (01332) 266328, 9412903929, 9897394020
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(¢) Inadouble pipe counterflow heat exchanger, 10,000
kg/h of oil C,=2-095 kJ/(kg-K) is cooled from
80 °Cto 50°Cby 8000kg/h of water enteringat 25 °C.

{(ix) What is meant by a hydrodynamically well
developed flow in a pipe line ? Explain.

Determine the area of heat exchanger for an overall (x) Define Grashof number and its significance in free
U=300W/(m>K). Take C. for water 25 convection heat transfer.
: P
4-18KJ/ (kg-K). | 12
Group C
. Answer the following questions : 2x10

(1) Distinguish between steady state and equilibrium.
(i) Why Carnot cycle cannot be used for power plants ?
(iii) Define availability and irreversibility.

(iv) Define isentropic efficiency of a turbine and a
COmpressor. h

(v) How is it possible to assume that the water vapour
behaves as an ideal gas in analyzing the mixtures of
air and water vapour.

(vi) Differentiate between fin efficiency and the fin
effectiveness. '

(vii) What are radiation shape factors ? Where are they
used ?

(viir) Why is an analytical solution of a free convection
heat transfer problem more difficult than that of
a forced convection problem ?

VC 305 1 1498) (6) (Continued) )
MC 405 (1498) (7)) AG—1.40
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W07 : 6 AN : MC 405 (1498)

THERMAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum marks : 100

Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and ALL from Group C.

All paﬁs of a question (a, b, etc) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answer
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.

Use of steam tables, heat transfer data/ thermodynamics
tables/ psychometric tables may be permitted.

Group A
1. (a) Distinguish between steady state and equilibrium. 2

{&6) A room has 4 persons and have 2 fans and threc
lamps. Each fan consumes 0-18 kW power and cach
lamp is of 100W. Ventilation air at the rate of 80
kg/h enters with an enthalpy of 84 kJ/kg and leaves
with an enthalpy of 59 kJ/kg. If each person puts out
hcat at the rate of 630 kJ/h, determine the rate at
which heat is to be removed by a room cooler so that
steady state is maintained in the room ? 4

{c) One kg of ideal gas is heated from 25°C to 100°C.
Assuming that R =0-264 kJ/kg°K, v=1:18 for the
gas and heat transfer of 200 kJ, find the (1) respective
specific heats, (i) change in internal energy, (7ir)
change in enthalpy, and (iv ) work done. 2x4

AMIE(l) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)  EMAIL: pcourses@hotmail.com  Ph: (01332) 266328, 9412903929, 9897394020
21



AMIE Study Material & Admission Packages

3.

(d) An air compressor takes in air at 1 bar and 30°C

(a)
(5)

(c)
(d)

(e)

(a)

(&)

raises to S bar. Find the work done, internal energy
change and heat transfer per kg of fluid compressed
if compression process is (7) isothermal, and (i)
adiabatic. Take R =0-287 kJ/kg°K, y = 1-4. Neglect
changes in PE or KE.

Explain the law of corresponding states ?

What is the mass of air contained in a room
6mx 9m x4 m, if the pressure is 101-325 kPa and
temperature is 25°C?

Derive Maxwell’s relations.

The vapour pressures of ethyl benzene at 347-2°K
and 460 °K are 0-133 bar and 3-325 bar, respectively.
Estimate the enthalpy of vaporization of ethyl
benzene.

A mixture of dry air and water vapour is at a tempera-
ture of 21°C under a total pressure of 736 mm of
Hg. The dew point temperature is 15 °C. Find

(7) partial pressure of water vapour ;

(if) relative humidity ;

(i) specific humidity ; and

(iv) specific volume of air/kg of dry air.

Explain why Carnot cycle cannot be realized in
practice?

A Carnot engine operates between two reservoirs at
the temperature of 7, °K and 7, °K. The work output
of the engine is 0-6 times that of heat rejected. Given
that difference in temperature between the source and
sink is 200 °C. Calculate the source temperature, sink
temperature, and thermal efficiency.

AMIE(]) Study Circle, Roorkee

(c)

(d)

{a)

(»)

(c)
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In an oil cooled heat exchanger, the oil is cooled from
90°C to 40°C at the rate of 25 kg/min. Water is sent
into the heat exchanger with a temperature of 25°C
at the rate of 50 kg/min. Determine the change in
availability of the (/) water, (if) oil, and (i)
irreversibilities.

Given: Cyoil=18kl/kg’K

‘ C:D water =4-18 kJ/kg°K.

One kg of air is heated from 27°C to 127°C from
a heat source at 127 °C. Find the entropy change of
air, heat source and of the universe. What will be the
change of entropy of the universe, if the air is heated
first from a heat source at 77 °C and then with another
heat source at 127 °C. Comment on the results.

Explain the thermodynamic variables affecting the
efficiency and output of the Rankine cycle.

A steam power plant produces 200 MW of electricity
working on a simple Rankine cycle between pressure
limits of 200 bar and 1 bar. Assuming the efficiency
of a generator, turbine and boiler as 90%, 80% and
80%, respectively, find (1) cycle efficiency, and (4)
fuel required to operate the boiler. (C.V.=25000
kJ/kg).

An open cycle gas turbine plant consists of a com-
pressor combustion chamber and turbine. The
isoentropic efficiency of compressor and turbine are
n. and n,, the maximum and minimum cycle
temperatures are T, and T, respectively, and z,
is the pressure ratio for both compression and
expansion. Neglecting pressure losses and assuming
that the necessary condition for positive power
output is given by

nen B> T, (57
where vy is the ratio of specific heats.
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(d) Inan open cycle air refrigeration system, air is drawn

(a)

(b

———

from a cold chamber at -5°C and 1 bar and
compressed to 6 bar. The air is then cooled to 20 °C
and then expanded to 1 bar. The compression and

expansion follow the relation Pv'35= C, where C is
a constant. To produce to 10 tonnes of refrigeration,
find the mass flow rate of air to be circulated. Also,
find COP, power required to compress, and rate of
heat rejection in the heat exchanger.

Group B

Discuss the mechanism of thermal conduction in
gases and solids.

Calculate the critical radius of insulation for
asbestos with k=0-17 W/m°C surrounding a pipe
and exposed to a room air at 25°C with A=4-0
W/m?C. Calculate the heat loss from 60 cm dia pipe
at 200°C when covered with critical radius of
insulation and without insulation.

An electronic semiconductor device generates
16x10-?kJ/h of heat. To keep the surface
temperature at safer limits of 75°C, it is desired that
generated heat should be dissipated to the surrounding
which is at 30°C. This can be achieved by attaching

aluminum fins of 0-5 mm? and 10 mm to the surface.
Estimate the number of fins. Thermal conductivity of
fin material is 700kJ/mh°C. The heat transfer
coefficient is 45kJ/m*h°C. Neglect the heat loss
from the tip of the fin.

AMIE(]) Study Circle, Roorkee
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(d) A copper cylinder of 80l.‘cm dia and 100 cm length

(a)

(b

{c

(d

~—

—

—

is initially at a uniform temperature of 25°C. The
cylinder is suddenly exposed to a hot flue gas. The
surface temperature suiddenly changes to 450°C.
Estimate the temperature at the centre of the cylinder,
320 sec after the change in surface temperature. Also,
calculate time required for the temperature at the
centre to attain the value of 375 °C. Given : Thermal

diffusivity, o = 1-12'x 10~ m?/s.

Enumerate some of the empirical relations being
used to compute the convective coefficient for free
convection. In the product of Gr and Pr, what group
of properties is concerned only with the properties
and gravitational field? What is the group of
properties called ? What are the dimensional units of
this group of properties ?

Calculate the heat transfer from 60 W bulb at 120°C
to 30°C in quiescent air. The bulb can be
approximated to 50mm diameter sphere. Also,
calculate the percentage power lost by free
convection? The free convection coefficient is as

follows : Nu =0-60 (Gr. Pr)®%.

Differentiate between filmwise and dropwise con-
densation.

A vertical platé of S00 mm high is maintained at 30 °C
and is exposed to saturated steam at atmospheric
pressure. Calculate the (7) rate of heat transfer, and
(i) condensate rate per hour/m of plate with film
condensation.

AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)

23

EMAIL: pcourses@hotmail.com Ph: (01332) 266328, 9412903929, 9897394020



AMIE Study Material & Admission Packages

7.

8.

Properties of the water film at the mean tempera-

ture are:

0=980-3 kg/m>
K=664x10"2J/s.m°C

u=434x10"Ckg/m.s
h,=2257 KJ/kg

Assume that the vapour density is small to that of
condensate.

(a)

(b

—

{d)

(a)

Derive an expression for effectiveness in counter
flow heat exchangers in terms of NTU and heat
capacities of fluids ?

In a counter flow heat exchange, water is heated from
35°C to 75°C by an oil with specific heat of 1-45
kJ/kg°K. The oil is cooled from 240°C to 170°C.
If the overall heat transfer coefficient is
450 W /m?°C, calculate the (7) rate of heat transfer;
(ir) mass flow rate of water; and (i) surface area
of heat exchanger.

Oil at 25°C is forced over a 400 cm’® square plate
at a velocity of 1-18 m/s. The plate is heated
to uniform temperature of SS °C. Caiculate the heat
lost by the plate. Given : ¢ =876 kg/m?*; y = 0-00024

m*/s; k=0144 W/m°C; C,=1:97 kl/kg"C.

6

Explain the terms (/) thermal boundary layer,

(i') Reynold’s analogy and Colburn’s analogy.

Explain Lambert’s cosine law.

AMIE(]) Study Circle, Roorkee
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{b) A small sphere of outside dia 60mm, with a surface

(c)

(d)

Choose the correct answer for the following :

temperature of 400°C, is located at the centre of a
large sphere with the inside diameter of 360 mm. With
an inner surface temperature of 25°C, calculate net
interchange of heat between the spheres. Assume
that both sides approach black body behaviour.

The effective temperature of a body having an area

of 1 m?is 800 °K. Calculate the (1) total rate of energy
emission; (ff) intensity of normal radiation; and
(di) wavelength of maximum monochromatic
emissive power.

Explain the terms absorptivity, vreﬂectivity and
transmissivity of radiation. Discuss the relationship
between each other for a black body and opaque
body.

Group C

{7) A cycle is made up of a combination of —.

(i)

(a) properties

{b) states

(c) processes

{d) surroundings

Air standard efficiencies of an Otto cycle —— with
increase in compression ratio.

(a) decrease

(b) increase

(c¢) remains constant

6

1x20
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. . (vif) The Joule-Thomson coefficient for an ideal gas is
(id) A 10 tonne refrigeration system consumes 10kW

of electrical energy. Its COP will be

{a) zero
(2) 10 (b} positive
(b) 35 (c) negative
) ;)-35 (d) infinity
(d) 35 4 (virf) An apple, with an average mass of 0-15 kg and

average specific heat of 3-65 kJ/kg°C, is cooled

(7v) Infiltration air in an air-conditioned room from 20°C to 5°C. The amount of heat transferred

from the apple is
{a) reduces heat load.
{p) increases heat.load. {a) 055K
(c) leaks through gaps. (b) 15K .
(d) Both (5) and (c) above. (c) 821K
(d) 410KJ

{v) The enthalpy of an ideal gas depends on

{ix) Aheat engine receives heat froma source at 1000°C

(a) temperature only. and rejects the waste heat to a sink at SO°C. If the

{b) pressure only. heat is supplied to this engine at a rate of 100kJ/s,
i this heat i

(¢) both pressure and temperature. maximum power this heat engine can produce
equals

(d) volume only.
{a) 254kW

{ v/} A closed vessel contains equal number of O, and H, (b) 55-SkW

molecules at a total pressure of 760mm of Hg. If .

0, is removed from the system, the pressure will (c) 746kW

be (d) 9SkW

(2) 380 mm of Hg {x) Heat is lost through a plane wall steadily at a rate

(b) 1520 mm of Hg . of 600 W. If the inner and outer surface temperatures
i of the wall are 20°C to 5°C, respectively, the rate
{¢) will remain unchanged of entropy generation within the wall is

(d) will initially decrease but soon will reach the (2) 0-11 W/K
original value.
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(b) 421 W/°K
(c) 2210 W/°K
(d) 421 W/°K
(xi) In which of the following cases most unsteady heat
flow occur ?
{a) through the walls of a furnace.
(b) through lagged pipes carrying steam.
{c) through the wall of a refrigerator.
(d) during annealing of castings.
(xif) If k is the thermal conductivity ; o, the mass density ;

and c, the specfic heat, then the thermal diffusivity
of a substance is given by

(a) oc/k
(b) k/oc
(c) kc/e
(d) ke/c

(xzif) Film coefficient is defined as

{a) thermal conductivity/equivalent thickness of
film.

(b) inside diameter of tube/eqivalent thickness of
film.

(c) specific heat x viscosity/thermal conductivity.
(d) None of the above

(xiv) The degree of approach in heat exchangers is de-
fined as the difference between temperatures of

(2) hot medium outlet and cold water outlet.

AMIE(]) Study Circle, Roorkee

{b) hot medium outlet and cold water inlet.
(¢) cold water inlet and outlet.
(d) hot medium inlet and outlet.
(xv) When metallic surface are oxidized, the emissivity

(@) decreases.
(b) increases.
(¢) remain unaltered.
(d) unpredictable.
(xvi) Dropwise condensation occurs on a —
surface.
{a) oily
(b) smoothed
(c) glazed
(d) coated

(xvif) A grey body is one whose absorbtivity

{a) varies with temperature.

{b) varies with wavelength of incident ray.

(c) varies with temperature and wavelength of
incident ray.

(d) does not vary with temperature and wave-

length of incident ray.

(xviif) The value of convection coefficient in condensa-
tion over a vertical surface varies as

(3) k0~5
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{xix)

{xx)

(5) ku_”AMIE(I) Study Circle, Roorkee

( c ) k0-75
( d ) 1(0‘9
where £ is the thermal conductivity of the liquid.

The phenomenon of boiling the milk in an open
container, with milk spills over the vessel, is
termed as —— boiling.

(a) sub-cooled

{b) pool

(c) film

(d) nucleate

The temperature gradient in the fluid flowing
over a heated plate will be

{a) zero at the top of thermal boundary layer.

(&) very steep at the surface.

(c) zero at the plate surface.

(d) positive at the surface.

www.amiestudycircle.com
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THERMAL SCIENCE AND ENGINEERING
Time : Three hours ‘
Maximum marks : 100

Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and aiL from Group C.

All parts of a question (a, b, etc.) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answer
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
Steam tables are permitted to use. |
Group A
1. (a) State and explain the zeroth law of thermodynamics. 4

(») State and explain the various criteria for thermo-
dynamic equilibrium. 6

{c) Show that the first law of thermodynamics leads to
the conclusion that a ‘Perpetual Motion Machine of
the First Kind (PMMFK) is impossible’. 5

(d) One mol of an‘ideal gas with y = 1-4 initially at 300K
and 1 bar is compressed reversibly and adiabatically
to 6 bar and then it is cooled at constant pressure to
the original temperature. The gas is then restored to
its initial state through an isothermal process.
Calculate the network and heat interaction. 5
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2.

3.

{a)

()

(c)

{a)

(&)

Prove the equivalence of the Clausius and Kelvin-
Plank statements of the second law of
thermodynamics.

Explain the underlying principle for defining the
Kelvin temperature scale.

Water initially a saturated liquid at 100°C, is
contained within a piston-cylinder assembly. Water
undergoes a process, during which the piston moves
freely in the cylinder, and no heat transfer takes place
with the surroundings, but the state is changed to the
corresponding vapour state. If the change of state is
brought about by the action of a paddle wheel,
determine the network per unit mass in kJ/kg, and
the amount of entropy produced per unit mass.
(Steam tables can be referred.)

What is air standard analysis of reciprocating IC

engines ? ‘ :

An air standard dual cycle, with a compression ratio
15, has the minimum temperature and pressure of
300K and 0-95 bar, respectively. The cylinder volume

is 3 litres and 6 kJ of energy is added as heat, of which

onc—third is added at constant volume and the rest

- atconstant pressure. Calculate the maximum pressure

(c)

18:6 AN:MC405(1498) . {2)

in the cycle, the temperature of the gas before and
after the constant pressure energy addition, the energy
rejected as heat, and the thermal efficiency of the
cycle. For air, C,=0-7175 kJ/kg. K.

A gas turbine plant operates on Brayton cycle
between 7. =300K and 7, =1073K. Find the

max

‘maximum work done per kg of air, and  the

corresponding cycle efficiency. How does this
efficiency compare with the Carnot cycle efficiency
operating between the same two temperatures ?

10

7

(Continued )

4.

S'08:6 AN:MIC405(1498) - ( 3
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(a)

" (b)

(c)

{d)

(a)

What is Joule-Kelvin coefficient ?

Using the second Tds equation, prove that the

Joule-Kelvin coefficient of an ideal gas is zero.

A mass of 0-25 kg of an ideal gas has a pressure of

300 kPa, a temperature of 80°C and a volume of
0-07m*. The ideal gas undergoes an irmreversible

adiabatic process O to a, find pressure of 300kPa and

“find volume of 0-10m?, during which the work done

on the gas is 25 kJ. Evaluate C,and C,of the gas and
increase in entropy of the gas.

The atmospheric air at 760 mm of Hg, dry bulb
temperature 15°C and wet belb temperature 11°C
enters a heating coil whose temperature is 41°C.
Assuming by-pass factor of heating coil as 0-5,
bulb

temperature and relative humidity of the air leaving

determine dry bulb temperature, wet
the coil. Also, determine the sensible heat added to

the air per kg of dry air.
Group B

Consider heat transfer between two identical hot solid
bodies and their environments. The first solid is
dropped in a large container filled with water, while
the second one is allowed to cool naturally in the air.
For which case is the lumped system analysis
more likely to be applicable and why ?

www.amiestudycircle.com
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{5) Asolid copper ball of 100 mm diameter and o = 8954 7. {(2) What are the two separate processes of nucleate
kg/m®, C,=383 J/kgK, k=386 W/mK is at a boiling ? Explain them. 6
uniform temperature of 250°C. It is suddenly (b) Show that for parallel flow heat exchanger
immeréed in a well-stirred fluid which is maintained _ 1-exp[-NTU(i-R)]
ata u.m‘form temperature of 50 °C. The heat transfer 1-Rexp[-NTU(1-R)]
coefficient between the ball and the fluid is =200 where ¢ is the effectiveness of heat exchanger
W/m?K. Estimate the temperature of the copper and R, the heat capacity ratio. 6
ball aftter a lapse of 5 min since immersion. 6 {c) A two-pass surface condenser is required for

(¢) An aluminium heat sink for electronic components 7009 kW turbogenerator which .has a stea[p consu-
has a base of width 50 mm and length 70 mm. There mption of 8kg/kWh. Thi cooling :V ater mlc? and

. .. . . outlet temperatures are 32 °Cand 43 °C, respectively.
are eight aluminium (% = 180 W/mK) fins of height : . e

12mm and thickness 3mm. The fins are cooled by The velocity of water in 2 cm outside diameter and
: o . . o 1-2mm thick tube is 1-5m/s. The desired vacuum is
air at 25 °C with a connective heat transfer coefficient 660 mm of Hg and condensate temperature is not to
of 10W/m’K. Assuming that the ‘heat transfer fall below 50°C. If the dryness fraction of steam at
coefficient is uniform all along the fin and the lip, inlet to the condenser is 0-9 and the overall heat
determine the (7) heat flow through the sink for a - transfer coefficient is 3000 W/m?K, find (7 ) cooling
basetemperature of 50 °C, (i) fineffectiveness, (iir ) surface area required, and (i) number of tubes and
fin efficiency, (7v) length of the fin if the heat flow the length of each tube. Barometer reads 760 mm of
is 95% of the heat flow for an infinite fin. 10 Hg. Assume C, of water =4-2kJ/kgK and ¢ =995

). (a) Determine the maximum current that a 1mm kg/m’. 8
diameter base aluminium (& =204 W/mK) wire can 8. - (a2) Determine the geometric shape factor for a very small
carry without exceeding a temperature of 200°C. The disc of surface area dA, and a large parallel disc of
wire is suspended in air at temperature of 25°C and ‘surface area A, located at a distance L directly
h=10 W/m’K. The electrical resistance of this above the smaller one (both are placed in horizontal

" wire per unit length is 0-037 Q/m. 8 planes). 8

(») Water flows over a flat plate measuring 1mx 1m (5) Determine (in watt) radiation heat loss from each
with a velocity of 2m/s. The plate is at a uniform metre of 20cm diameter heating pipe when it is
temperature of 90°C and the water temperature is placed centrally in the brick duct of square section
10°C. Estimate the length of the plate over which the 30cm side. Given
flow is laminar and the rate of heat transfer from the Tempera;ure of pipe sufface  =200°C
entire plate. The properties of water at 50°C are » Brick duct temperature =20°C
0=9881 kg/m*, v=0-556x 107 m?/s, Pr=354- Emissivity of pipe surface =0-8
and k =0-648 W/mK. 12 Brick duct emissivity =09
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Assume only radiation heat transfer between
pipe and brick duct.

If the system is in steady state condition, find the
surface heat transfer coefficient of the brick duct

assuming the temperature of the surroundings of the

duct to be 10°C. Assume 6 =567 x 10" 8J/m*sK*% 8

{c) Two black discs of diameter 50 cm are placed parallel
to each other concentrically at a distance of 1 m. The
discs are maintained at 727°C and 227°C,
respectively. Calculate the heat transfer between the
discs per hour when (7) no other surfaces are present
except the discs; and (i) the discs are connected
by cyclindrical black surface. Assume F,_,=0-06. 4

Group C
9. Write the correct answer for the following : 1x20
(i) A closed thermodynamic system is one in which

(a) there is no energy or mass traﬁsfer across the
boundary

{b) there is no mass transfer but energy transfer
exists |

(c¢) there is no energy.transfer but mass transfer
exists

{d) None of the abo.ve.

S$'08:6 AN:MC405 (1498) ( 6) . (Continued)
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(1) Which one of the following is the extensive property
of the system ?
(a) volume
(b) density
(c) pressure

(d) temperature

(iii') The molecular kinetic energy of a gas is pro-
portional to

(a) T? .
(b) T3/2

(¢) T

(d) T°

(iv) At triple point of a pure substance, the following
occurs:

(a) liquid and vapour phases coexist
(b) solid and vapour phases coexist
{c) liquid and solid phases coexist

(d) solid, liquid and vapour phases coexist

{v) For a closed system, the difference between the heat
added to and the work done by the system is equal
to the change in

(a) enthalpy

(b) internal energy
{c) entropy

(d) None of the above

T5°08:6 AN:MC 405 (1498) (7)) ( Turn Over)
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(vi) The internal energy of an ideal gas is a function of {x) For a thermodynamic cycle to be irreversible, the

following condition will hold good :

(2) pressure only di
) § F-

(5) temperature only

' (c) pressure and volume (b) S —‘-17—?<0

(d) pressure, volume and temperature

(c) § %—? >0

(vir) The change in enthalpy of a system equals the heat
supplied for a d € =0
() § =
(a) constant pressure process (x7) The temperature of air recorded by a thermometer,
(b) constant volume process when it is not effected by the moisture presept in
it, is called
(c) constant temperature process

() N the ab " (2) wetbulb temperature
one o € above. :

(b) dew point temperature
(viif) Isothermal and adiabatic processes are identical at (c) dry bulb temperature
(d) None of the above.
(a) saturation temperature ' ,
{xii) The difference between dry bulb temperature and
(b) critical temperature wet bulb temperature is called

{c) absolute zero temperature (2) dry bulb depression.

{d) triple point () wet bulb depression.

(c) dew point depression.
(ix) For a reversible adiabatic compression in a steady

: . ~ (d) degree of saturation.
flow process, the work transfer per unit mass is .
(xii'} The curved lines on a psychrometric chart indicates -
(a) §pdv ’
~ (a) dry bulb temperature

(6) §vdp (b) wet bulb temperature

{c) § Tds {c) specific humidity
(d) §SdT (d) rela;ive humidity

$°08:6 AN:MC 405 (1498) (8 ) ¢ (Continued) §°08:6 AN:MC405(1"'_98’ - 09 (Tum Over)
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{xiv) The intensity of radiation is obtained by multiplying

the emissive power by a factor {xviii) Extended surfaces are used to enhance the rate
) of heat transfer. When the convective heat transfer
{a) n : coefficient A= mK, an addition of extended
- surface will
(b) nN2 .
(c) 1/n (a) increase the rate of heat transfer.
. ' " (b) decrease the rate of heat transfer.
(d) V2/n :

(c) notincrease the rate of heat transfer.
(xv) The critical radius of insulation of a spherical cell * (d) None of the above.
is '
(xix) A hollow sphere with uniform temperature and a

{a) h/k small hole behaves very nearly as
(b) 2h/k (2) white body
(¢) k/A {b) opaque body
(d) 2k/h (c) black body
(xvi) When a liquid flows through a tube with sub- | (‘,” gray body

cooled or saturated boiling, the process.is called (xx) For infinite parallel planes with emissivities ¢, and

» . &, , the interchange view factor for radiation from
{a) pool boiling

surface 1 to surface 2 is given by
(b) bulk boiling ‘

(2) 1/(g, +¢,)
(b) &5,/ (e, +¢,-¢8,)
(c) & -¢,
(xvii) For evaporators and condensers, under the given (d ) € +&,.
conditions, LMTD for counterflow will be

(c) convection boiling

{d) None of the above.

(a) greater than parallel flow.
(b) equal to parallel flow. ' ' .
(c) less than parallel flow.

{d) None of the above.

S'08:6 AN:MC405(1498) : ( 10 } (Continued )
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THERMAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum Marks : 100

Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and ALL from Group C.

All parts of a question (a, b, etc.) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answer
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
Group A

1. (a) What is a thermodynamic system? Differentiate
between open system, closed system and isolated
system. 6

(b) A cylinder contains 1 kg of a certain fluid at an initial
pressure of 20 bar. The fluid is allowed to expand

reversibly behind a piston according to pv?=
constant until the volume is doubled. The fluid is then
ccooled reversibly at a constant pressure until the piston
regain the original position. Heat is then sup-
plied reversibly, with the piston firmly locked in
position until the pressure rises to the original value
of 20 bar. Calculate the network done by the fluid

for an initial volume of 0-05 m?>. 10
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(¢} Explain the following terms: (£) State, {i7) Process,

and (417) Cycle. 4 {c) A cyclic heat engine operates between the source

temperature of 1000 °C and a sink temperature of
40 °C. Find the least rate of heat rejection per kW
net output of the engine ? 5

2. {(a2) What do you mean by the “‘perpetual motion
machine of first kind (PMM-1)? ' 4

(&) A centrifugal pump delivers 50 kg of water per sec. 4.
The inlet and outlet pressures are 1 bar and 4-2 bar,
respectively. The suction is 2-2 m below the centre
of the pump and delivery is 8-5 m above the centre (b)

of the pump. The suction and delivery pipe diameters

Derive an expreésion of availability of a steady flow
system. : 5

State the Clapeyron equation and its practical utility. 5

Derive the following 7ds equations: 10

are 20 cm and 10 cm, respectively. Determine the

capacity of electric motor to run the pump. 9 dv
. (f/) Tds =c,dT+BT—

(c) 90 KJ of heat is supplied to a system at constant . k
volume. The system rejects 95 kJ of heat at constant (#) Tds =c,dT-v BT dp
pressure and 18 kJ of work is done on it. The system
is brought to original state by adiabatic process. (i) Tds - ¢ k dp+ % dv
Determine (7) adiabatic work, and (i) values of in- - B P Bv
ternal energy at all end states if initial, U, value is Group B
105 kJ. 7

S. {a) Derive an expression for the temperature distribution
3. (a) Show the equivalence of Clausius and Kelvin state- ta) under one-l;imensional stea ds state heat con-
ment of second law. 3 duction for a composite cylinder.

{b) A Carnot heat engine draws heat from a reservoir (b) An aluminium pipe carries a steam at 110 °C. The
at temperature 7, and rejects the hea} to another pipe (k = 185 W/m °C) has an inner diameter of 100
reservou.at tem‘perature T, The Carnot forwiud mm and outer diameter of 120 mm. The pipeislocated
cycle engine derives a Carnot reversed cycle engine in a room where the ambient air temperature is
or Carnot refrigerator which absorbs the heat from 30°C and convective heat fransfer coefficient
reservoir at temperature 7, and reject the heat to b , he i . 5 op .

a reservoir at temperature T;, if the higher tempera- t :;VIV‘:I: ttr;] Eflgfriltl: ;:’r 1Zn1i tslzr&igﬁ ) f(,t.hlz?;r;m;z

ture 7, = 600 °K and lower temperature 7, =300 °K. o .

Determine the (7) temperature T, such that the heat ;eg;c;::h?:;; loss i;?m lt:et Plpt(:}(lt 1soc;)vwer/e,d :VC“;I
. . . ayer of insulation (k =0- m °C).

supplied to engine (), is equal to the heat absorbed ) X

by refrigerator @,, and (i) efficiency of Carnot Iiete.fmﬁe ﬁ(lie hf?af tranlsfer‘rate ﬁer u:t length fr§m

engine and COP of Carnot refrigerator. 10 the insulated pipe. assuming that the convective

resistance of steam is negligible.
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(c)

(a)

(b)
(c)

Aluminium fins of a rectangular profile are attached
on a plane wall with S mm spacing. The fins have
thickness, & =1 mm, length, /=10 mm and thermal
conductivity ¥ =200 W/m °K. The wallis maintained
at a temperature of 200 °C and fins dissipate heat by
convection into the ambient air at 40 °C, with heat

transfer coefficient, & =50 W/m ?°K. Determine the
heat loss, assuming the tip to be insulated.

Derive the momentum equation for hydrodynamic
boundary layer over a flat plate.

What is meant by transient heat conduction ?

Air at 20 °C and atmospheric pressure flows at a
velocity of 4-5 m/s past a flat plate with a sharp leading
edge. The entire plate surface is maintained at a
temperature of 60 "C. Assuming that the transition
occurs at a critical Reynolds number of 5x 103, find
the distance from the leading edge at which the flow
in the boundary layer changes from laminar to
turbulent. At the location, calculate the following:

(1) Thickness of hydrodynamic layer;
(i) Thickness of thermal boundary layer;

(#i) Local and average convective. heat transfer
coefficient ;

(iv) Heat transfer rate from both side for unit width
of the plate;

(v) Strain friction coefficient.

Assume cubic velocity profile and approXimate
method. Take properties at 40 °C as:

0=1128 kg/m®, v=1696x10"¢ m?/sec, K=
002755 W/m °C, P.=0699.

AMIE(l) Study Circle, Roorkee

7.

(a)

()

(a)

(5)

(¢)

www.amiestudycircle.com

Derive an expression for the LMTD for a counter flow
heat exchanger. 8
Oil (cp =3-6 ki/kg °C) at 100 °C flows at a rate of
30,000 kg/h and enters into a parallel flow heat

exchanger. Cooling water (¢, =4-2 ki/kg °C) enters
the heat exchanger at 10 °C at the rate of 50,000kg/h.

The heat transfer area is 10 m? and W= 1000
W/m? °C. Calculate the following: 12
(7) Outlet temperature of oil and water ; and

(i) Maximum possible outlet temperature of water.

Prove that the total emissive power of a diffuse surface
is equal to m-times the intensity of radiation. 6

State and prove Kirchhoff’s law of radiation. 6
Calculate the following for an industrial furnace in
the form of a black body and emitting radiation at
2500 °C.

(1) Monochromatic emissive power at 1-2 um length.
(') Wavelength at which the emission is maximum.
(i) Maximum emissive power.

(iv) Total emissive power.

(v) Total emissive power of the furnace, if it is

assumed as a ideal surface with emissivity equal
to 0-9. 8
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Group C () T,/(T,+T)

). Write the correct answer for the following : 20x1 (c) (T,-T,)/ T,
'} A perfect gas 5

(1) A perfect gas obeys (d) 7;/(7;-.7‘2)

(2) Boyle’s law only. (v) The relative efficiency of an engine is equal to

(b) Charle’s law only. '
(2) Air standard efficiency/Thermal efficiency
(c) both Boyle and Charle’s laws.

{b) Thermal efficiency/Air standard efficiency
{d) None of the above.

e . {c) Overall efficiency/Air standard efficiency
(i) Displacement work is equal to

(2) § Pdv (d) None of the above

(b) § Vdp (vi) For same compression ratio and same heat input,

(c) | Fd the thermal efficiency of Otto cycle is
c Fdx

less than the diesel cycle.
(d} None of the above. (2} less than the diesel cycle
(i7) For the same expansion ratios, work done by the + {b) more than the diesel cycle.

as in case of a adiabatic process is ' .
2 P {c) equalto diesel cycle.

(a) more than the work done in case of isothermal

process. (d) None of the above.
(b) less than the work done in case of isothermal , (vii) The compression ratio for diesel engines lies in the
process. ‘ range of
(c) same as in case of isothermal process. (2) S5to8
(d) None of the above. | | (5) 151020
(iv) The efficiency of a Carnot cycle is equal to (as heat
énoi (c) 3t06
gine)
(a) (T+ L)/ T, (d) 301040
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{viii} Closed cycle gas turbine works on
(2) Rankine cycle .
(#) Carnot cycle
{c3 Brayton or Joule cycle
(d) Otto cycle.

{ix) For maximum output per unit mass flow rate through
a closed cycle gas turbine plant, the optimum pres-
sure ratio is given by

1

T_; Y
{2) = 7]

2y
I y-1
3
“ 5 [7]
Y
T 2y-1
3
«© {7]

2(y-1)

0y
(d) = —T: ,

{x) A composite wall of two layers of :thickness
AKX, ,AX, and thermal conductivities K] ,K, is having
a cross-section area A, normal to the path of heat
flow, if the wall surface temperatures are £ and .
The rate of heat flow Q, is equal to

(2) A(4-8)/L(Ax/K)+ (axy/ k)]
AKK, (4~ 4)
AX +AX,
(AK, + AK) (¢, - 1)
(bX +AX)
(d). (4-L)/[(Ax/K A - (8 K A)]

(5)
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(xf) If A =coefficient of heat transfer, & =thermal
conductivity, / =characteristic linear dimension,
then the term Al/k is called

{a) Reynold’s number
(b) Nusselt number

- (c) Prandtl number
(d) Forde number

(xif) A body, which absorbs all the radiations falling on
it, is called

(2) opaque t;ody.
(b) white body

(c) black body.

(d) transparént body.

(xiif ) Forforced convection, Nusselt number is a function
of

(a) Prandt]l number and Grashoff’s number.
(b) Grashoff’s number only.

{c) Reynold and Grashoff’s numbers.

{d) Reynold and Prandtl numbers.

(xiv) The ratio of total emissive power of a body to the
total emissive power of a black body is called

(a) absorptivity.

(b) reflectivity.
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| (c) transmitivity. {xviii) The heat dissipated from a infinite long fin is given

by
(d) emissivity.

(xv) The process of removing moisture from air at (2) VP (- 1)
constant dry bulb temperature is known as (b) PHl (t-t)

§ a

(2) sensible heating.

. - (¢) VPhKA (t-t) tanh m/
(b) sensible cooling.
[ p—, tanh m/+ h/mk
{c) humidification. | , : (d) NPAKA (4-1) [1 + h/mk "™ m[]

(d) dehumidification. {xix) During the process of boiling and condensation,

. ' . . only phase change takes place and one fluid remains
{xvi) The dew point temperature is equal to :
at a constant temperature throughout the heat

(a2) wet bulb temperature. exchanger. In terms of NTU, the effectiveness of

() dry bulb such a heat exchanger would be
ry bulb temperature.
) ' (a) NTU/(1+NTU)
(¢} difference of dry bulb and wet bulb temperature.
: _ a-NTU
(d) saturation temperature of water vapour at partial ( b ) 1-e¢ :

pressure in existing mixture.

(c) (1-eMY) /2
(xvir} The ratio of thermal boundar_y layer and hydro-

d i boundarv 1 o b (d) cannot be worked out as the heat capacities are
ynamic boundary layer is given by 1ot Known.
(a2) (_3_7_7' -1 {xx) The normal automobile radiator is a heat exchanger
o (p)¥? ' of the type
(5 6Th_ 1 (a) direct contact.
d (p)3
r {b) parallel flow.
)
(c) —=(P)*? (c) counter flow.
6 r

(d) None of the above. (d) cross-flow.
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THERMAL SCIENCE AND ENGINEERING
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v Time : Thiee hours
Maximum Marks : 100

Answer FIVE questions, laking ANY WO from Group A,
~ANY TWO from Group B and aLL from Group C.

All parts of a question (é, b, etc.) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
 mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data may be assumed suitably
- giving proper justification.

Figures-on the right-hand side margin indicate full marks.
| _Tbé.rmbdynamic tables can be pennitted.
; _ Grou]'_i A
1. (a) E).(plain the principle law of corresponding states. 4

(&) Determine the pressure of N, gas at T= 175K and

v=0-00375m’/kg on the basis of (/)equation of
state, - (if ) van der Waals’ equation of state, if a =

0-175 m*kPa/kg?, and b= 0-00138 m’/kg. 6

(c) A mass of 24 kg of air at 150 kPa and 12°C is
contained in a gas tight frictionless piston cylinder
‘device. The air is now compressed to a final pressure
of 600 kPa. During the process, heat is transferred
from the air such that temperature inside the cylinder
remains constant. Calculate the work input during
this process. ‘ o ' 6
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{d}) What 15 the physical significance of two constants that 4. - () Discuss various means of improving the efficiency or .
appear in the van der Waals’ equation of state and specific power output of simple gas turbine cycle. 4
on what basis they are determined ? 4 "~ (b) A refrigerator uses refrigeranl 134 a as the working

2. (a) What are the characteristics of all heat engines ? 3 fluid and operates as ideal vapour compression refri-
' geration cycle between 0-14 MPa and 0-8 MPa. As

(b) List three different mechanisms that can cause the the mass flow rate of refrigerant is 0-05 kg/s,

entropy of a control volume to change. 3 determine the (7)rate of heat removal from the
, : refrigerator space and power input to the compressor,

(¢) A heat engine receives heat from a source at 1200K (i ) rate of heat rejection to the environment, and
at a rate of 500 kJ/s and rejects the waste heat to - (iif ) COP of refrigerator. 8
a medium at 300K. The power output of the heat
engine in 180kW. Determine the reversible power (¢) Aroom contains air at 25°C and 100 kPa at a relative
and irreversible rate for this process. 6 humidity of 85%. Determine the (/) partial pressure

, A of dry air, (i) specific humidity, and (i) enthalpy
(d) Carbon steel balls (o= 7833 kg/m’) and C, = 0-465 per unit mass of dry air. 4
kJ/kg°C, 8 mm in diametet, are annealed by heatin; ' v :
kg . 1? l m . y ) & (d) If there are 2 moles of H,, 4 moles of O, and 6 moles
them firstto 900 °Cin a furnace first and then allowing . . N . .
i : .y bient air at 35°C of H, in a § litre vessel at 27°C, determine partial
them to cool slowly to 100°C in ambient air at 35°C. . pressure of each gas and total pressure of the mixture. 4
If 2500 balls' are to be annealed per hour, determine oo T :
the (1) rate of heat transfer from the balls to the air, Group B}
and (i ) rate of entropy generation due to heat loss . L, ' .
from the balls to the air. 3 5. (a) Explain the Fourier’s law of heat conduction. 3
, < b) Explain (1) efficiency of fin, and (if) effectiveness
3. (a) Derive Maxwell’s relations. -8 (5) Explain (i)e v clency of fin, and (i) effectiveness
,_ of fin. 5
- hag .q at 25° , . ) A

(.b) Watcl‘ has a vapour Pre'ssure of 24mm Hg at 2 C (c) A mild steel tank of wall thickness 12 mm contains

and a heat of vapourisation of 460%7CkJ/mol. What is . water at 100°C. Calculate the (i) rate of heat loss
. © (7 . . .
the vapour pressure of water at . per m” of tank surface area when the atmospheric

(c) Air enters the heater at 30°C and leaves at 70°C, temperatureis 20 °C. The thermal conductivity of mild
the pressure being constarit at 4 bar. The heat source steel is 50 W/mK and the heat transfer coefficients
is at 250°C and surroundings are at 20 °C. Treating for inside and outside the tank are 2850 W/m?K, ant
air as perfect gas, find the (7) gain in availability of 10W/m’K, respectively, and (ii ) temperature of
air, and (4’ ) effectiveness of heater. 8 outside surface of the tank. 6
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(d)

The temperature of surfaces of a 25 mm thick steel

plate (£ = 48 W/m°C), having a uniform volumetric-

heat generation of 30 x 10° W/m3, are 180°C and
120°C. Neglecting the end effects, -determine the
folloWing: (7) Temperature distribution across the
plate, ~ (#) value and . position of maximum
temperature, and (1) flow of heat from each surface
of plate. '

6. (a) Discuss the physical significance of following

dimensionless numbers: (1) Prandtl no., () Stanton

" no., and {7} Grashoff no.

(b)

(c)

(d)

Derive an energy equation for thermal boundary layer
over a flat plate.

Av steel ball, 60 mm in diameter and at 1000 °C, is
placed in a still atmosphere of 30°C. Calculate the
initial rate of cooling of the ball (in °C/min).

In a condenger shell, water flows through 100 thin
walled circular tubes (dia= 22-Smm, length Sm)

~ which have been arranged in parallel. The mass flow

rate of water is 65 kg/s and its inlet and outlet
temperature are known to be 22°C and 28°C,
respectively. Estimate the avérage convection
coefficient associated with water flow. - ‘

What do you mean by fouling in heat exchangers ?
Define heat exchanger effectiveness.

A counter flow heat exchanger is employed to cool
0-55 kg/s (C, = 245 kI/kg’C) of oil from 110°C to
35°C by use of water. The inlet and outlet
temperatures of cooling water are 20°C and 80°C,
respectively. The overall heat transfer coefficient is

> b n
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‘expected to be 1500 W/m?°C. Using NTU method,
calculate the following: (7/)Mass flow of Wat_er,
(ii ) effectiveness of heat exchanger, and (ii7 ) surface
area required. - 8

( _d) Differentiate between dropwise and filmwise -
condensation. R _ : 4

8. (a) Expiain how a radiation shield works. : -3

{b) Define the term ‘absorptivity’, ‘reflectivity’ and
‘transmissivity” of radiation. ‘ ' 5

{c) Describe different types of boiling heat transfer. 4

(d) A body at 1000°C in black surroundings at S00°C
has an emissivity of 0-42 at 1000 °C and an emissivity
of 0-72 at 500°C. Calculate the rate of heat loss by

* radiation per m? (7 ) when the body is assumed to be
grey with e=0:42, (i) when the body is not grey.

6=567x10"® W/m’K*. Assume absorptivity is

independent of surface temperature. 8
Group C -
9. Choose the correct answer for the following: 20x1

{£) First law is based on
(a) law of conservation of masé.‘
(b) law of conservation of energy.
(¢ ) ' law of c’onservation of momentum;

(d) None of the above.

§°09: 6AN: MC 405 (1498) (s) . (Tum Over)
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" {v) A gas can be liquefied by pressure alone when its -

(i) Which one of the following is an intensive property ? i
o ‘ temperature is

{a) Intemal energy . (a) higher than its critical temperature.

(6) Enthalpy ' {(b) equal to or higher than its critical temperature.
(¢c) Den,sity - . o - ' ( ¢) less than or équal to its critical temperature. _
(d) Volume {d) less than critical temperature.

: : . . (vi) In an reversible adiabatic compression,
(1if) The volume of an ideal gas is 100 cm® at 100°C. |

If the pressure is held constant, at what temperature (2) pressure remains constant.

will the gas have a volume on 200 cm*? : . {b) temperature remains constani.
{a) 200°C : : "~ {c) heating takes place.
: (b) 4730(': (d) cooling takes place.
: ' (vir) The work done in steady flow process is given by
(c) 746°C e |
B ta) -§av
(d) 50°C R ,
| (6) - § pav
. (iv) Avesselhastwocompartments, A and B, containing (c) S v
H, and O,, respectively both at 1 atmospheric pre- , P
ssure. If the wall separating two components is (d) None of the above.

d, . .
femove {viii } Throttling process is

.(_3') pressure Wm remain unchanged. (a) areversible and constant entropy process.

(b) pfessureWi]] increase m A o 5 - (b) anreversible and constant enthalpy process.
. ). ressurs willincrease mB (c) an virrev,ersible and constant enthalpy process.
(d) reversible and isothérmal process.

>(d) pressure will increasein A and B.

§’09:6AN:MC 405 (1498) (7)) (Turn Over)
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(ix) The efficiency (y) of an ideal gas turbine is given
by . T ,

(2) ﬁ‘=1—(1/r)"

(b) n=1-(1/n)""!

() m=(1-1/r)""7

(d) q=1-(1/n)"7

where r=Prratio and Y'= sﬁeéific heat ratio.'

(x) Which one of the following refrigeration cycles has
minimum COP ? o

(a). Carnot cycle.

(b) Vapour-compression cycle with a reversible
expansion engine.

(c) Ordinary vapdu-r compression cycle
(d ) Air cycle.

{(xi) Thermal diffusivity of a material is defined as
(2) K/C,e |
(6) oC/k
(c) kC/e
(d) ke/C,

(xif) Biot number is defined as

AMIE(l) Study Circle, Roorkee

(_Xiii) Heat transfer by convection is described by
{a )_ Fick’s lawv .
" (b) Fourier"s law
(¢) Ne_wton’s law of cooling
'(d) Stefan-Boltzman law
(xiv) _The Colbarn factor for heat ;ténsfer is defined as
(2) NN, |
(6) NN
(c) Ny N;r’ 3
(d) N, NY>

(xv) The heat flux in the free convection regime of pool
_boiling varies as . ' ’

(a) A T3
() AT
(c) AT*
(d) ATY*
(xvi) The purpose of floating head m ﬁeat Aexchanger’s to

(a) Hregulate the ﬂow.

www.amiestudycircle.com

(a) at/L* (b,)' increase the pressure drop.
(b) at?/L* . (c) decrease the pressure drop.’ »
(c) hk/L {(d) avoid defomiation of tubes due to thermal
(d) HL/k expansion.
9: 6AN: MC 405 (1498) (8) - (Continued) §'09:6AN:MC 405 (1498) (o) (TumOven)
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{xvii} Planck’s law of radiation is applicable to —
‘radiation.

www.amiestudycircle.com

{a) xﬁonochromaﬁc
(5) thermal
{c) temperature

(d) None of the above

(xvm) An increase in convectlve coeffluent over'a fin
effectiveness.

(a) decreases
(b} increases
(c¢) does not influence
(d) None of the above.

{xix) For solar collectors, what combination of surface
characteristics are required ?

(a) High absorbnvny and high reﬂectlvxty
(b) High reflectivity and high em;ssx\_/lty
(:c) High emissivity and low absorbtivity
- (d) High absorbtivity and low emissivity

{xx) The valuc of convection coefficient in condensatlon
‘over a vertical surface varies as

(a) &%
(6) Ko
(c) £°7S
(d) &%

where k is thermal conductivity of liquid.
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THERMAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum marks : 100

' Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and ALL from Group C.

All parts of a question (a, b, etc.) should be .
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
Group A

1. (a) Show that energy is a property of a system. What are
themodesin which energy is stored ina system ? What
is the difference between the standard symbols of
EandU? 6

(b) A gas of mass 1.5kg undergoes a quasi-static ex-
pansion which follows a relationship p= 2 + bv,
where a2 and b are constants. The initial and final
pressures are 1000 kPa-and 200 kPa, respectively and

the corresponding volumes are 0.20 m® and 1.20 m?.
The specific internal energy of the gas is given by
u=1.5pv-85kl/kg
where p is in kPa and v is in m*/kg.
Calculate the net heat transfer and the maximun:
internal energy of the gas attained during expansior: 10
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2.

(c)

(d)

(a)

(b

—

(c)

(d)

How does the current flowing through a resistor
represent work transfer ? '

Does heat transfer inevitably cause a temperature
rise ?

What is a steady flow process 7 What is steady state ?
Write the steady flow energy. equation for a single
stream entering and a single stream leaving a control
volume and explain the various terms in it.

What will be the velocity of a fluid leaving a nozzle,
if the velocity at inlet to it is negligibly small ?

Show that the enthalpy of a fluid before throttling is
equal to that after throttling.

In a steady flow apparatus, 135k]J of work is done
by each kg of fluid. The specific volume of the fluid,

pressure, and velocity at the inlet are 0.37 m*/kg,
600 kPa and 16 m/s. The inlet is 32m above the
floor, and the discharge pipe is at floor level. The

discharge conditions are 0.62 m*/kg, 100 kPa and
270 m/s. The total heat loss between the inlet and
discharge is 9 kJ/kg of fluid. In flowing through the
apparatus, does the specific internal energy increase
or decrease, and by how much ?

3. (a) Explain the following statements :

{i) To produce net work in a thermodynamic cycle,
a heat engine has to exchange heat with two
thermal reservoirs.

AMIE(]) Study Circle, Roorkee

10

4.

(o}

{c)

(d)

(a)

()

{c)

(d)

www.amiestudycircle.com

what 0o you URQEISIana Dy qiSSIPauve €Irects !
When is work said to be dissipated ?

Show that the efficiency of areversible engine opera-
tingbetween two given temperaturesis the maximum.

Two reversible heat engines A and B are arranged
in series A rejecting heat directly to B. Engine A
receives 200 kJ at a temperature of 421°C from a
hot source, while engine B is in communication with
a cold sink at a temperature of 4.4°C. If the work
output of Ais twice that of B, find the (7 ) intermediate
temperature between A and B, (i) efficiency of each
engine, and (i ) heat rejected to the cold sink.

How is the entropy change of a reversible process
estimated? Will it be different for an irreversible
process between the same end states ?

Give the criteria of reversibility, irreversibility and
impossibility of a thermodynamic cycle.

What do you understand by the entropy principle ?
Why is the entropy increase of an isolated system
ameasure of the extent of irreversibility of the process
undergone by a system?

One kg of water at 273 K is brought into contact with
aheatreservoir at 373 K. When the water hasreached
373K, find the entropy change of the universe. If
water is heated from 273 K to 373 K by first bringing
it in contact with a reservoir at 323K and then with
areservoir at 373 K, what will be the entropy change
of the universe ? Explain how water might be heated
from 273K to 373K with no change in entropy of
the universe.

3

S
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Group B {c) Water flows at a velocity of 12 m/s in a straight tube

5. (a) An aluminium (k= 185 W/mK) pipe carries steam

at 110°C. The pipe has an inner diameter of 10cm
and an outer diameter of 12 cm. The pipe is located
in a room where the ambient air temperature is 30 °C

and the convective heat transfer coefficient is
15W/m?K. Determine the heat transfer rate per unit
length of pipe.

To reduce the heat loss from the pipe, it is covered
with 5 cm thick layer of insulation (k= 0.2 W/mK).
Determine the rate of heat loss per unit length and
the percentage reduction in heat loss by the insulation.

(b) State and explain the Hagen-Poiseiulle flow through

a tube and show that for laminar flow,

| [=64/Re,

of 60 mm diameter. The tube surface temperature is
maintained at 70 °C and the flowing water is heated
from the inlet temperature of 15°C to an outlet
temperature of 45 °C. Taking the physical properties
of water at the mean bulk temperature of 30°C as

0=995.7 kg/m?, C,=4.174 kJ/kgK, k=0.617
W/mK, v=0.805x10"% m?/s and Pr=5.42.
Calculate the (7)heat transfer coefficient from the

tube surface to the water, (i1 ) heat transferred, and
{11 ) length of the tube.

On what factors does the radiant heat exchange

Neglect the convector resistance of the steam. 7.
(b) A 50 mm x SOmm iron bar 0.4 m long is connected between two bodies depend 7 What is shape factor ?
to the walls of two heated reservoirs, each at 120 °C. Show that
The ambient air temperature is 35°C and the 1 cos $,-cos$,
convective heat transfer coefficient is 17.4 W/m’K. AF, = p § § -, dA, dA,
Calculate the rate of heat loss from the bar and the v r
temperature of the far midway between the The symbols have their usual meanings.
reservoirs. The thermal conductivity of iron is 52
W/mK. (b) A small sphere (outside radius= 60mm) with a
surface temperature of 300°C is located at the
6. (a) Waterflowsoveraflat plate measuring 1 m x 1 m with geometric centre of a large sphere (inside diameter =
a velocity of 2m/s. The plate is at a uniform 360 mm ) with an inner surface temperature of 15 °C.
temperature of 90°C and the water temperature is Calculate how much of heat emitted from the large
10 °C. Estimate the length of plate over which the flow sphere inner surface is incident upon the outer surface
is laminar and the rate of heat transfer from the entire of the small sphere, assuming that both surfaces
plate. The properties of water at SO°C are: o =988.1 approach black body behaviour. What is the heat
kg/m®, v=0556x 10" m?s, Pr=3.54 and exchange of heat between the two spheres ?
k=0.648 W/mK. 8. (a) For a balanced heat exchanger of counterflow

operation, where m,c,= mc_, show that the

temperature profiles of two fluids along the heat
exchanger are linear and parallel.
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‘_9.

Choose the correct answer for the following :

(b) What is the limitation of LMTD method in heat

exchanger calculations ? How is e-NTU method supe-
rior to correction factor— LMTD method ?

{c) A coaxial tube counterflow heat exchanger is to cool

0.03 kg/s of benzene from 360K to 310K with a
counterflow of 0.02 kg/s of water at 290K. If the

inner tube outside diameter is 20m and U, =650

W/m’K, determine the required length of the ex- .

changer. Take the specificheats of benzene and water
as 1880 J/kg K and 4175 J/kg K, respectively.

Group C

{7) Which property of a system increases when heat is

transferred to it at constant pressure 7
(2) ‘Internal energy

(b) Enthalpy

{c) Volume

(d} Gibbs function

(i} TheKelvin temperature of a system can be measured

bya

{a) mercury-in-glass thermometer
(b) thermocouple

{c} constant volume gas thermometer

{d) resistance thermometer

AMIE(]) Study Circle, Roorkee
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(i) If the thermal efficiency of a Carnot engine is 1/5,

the COP of the corresponding Carnot refrigerator
is

(a) 5
(b) 4
(c) 6
(d) 3

(iv) When air is adiabatically saturated, the temperature

attained is
(a) drybulb tcmpefature. ‘
(bi wet bulb temperature.
{c) dew point temperature.

(d) triple point temperature.

(v) Speciﬁc heats of an ideal gas C, and C,

{a) vary with temperature.

(&) vary with pressure.

(¢) vary with both pressure and temperature.

(d) are constant.

(vi) When a system is in equilibrium, any conceivable

change in entropy would be
{(a) zero.
(6) maximum.
(c) positive.

{d) negative.
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(vii) The efficiency of a reversible cycle depends upon
the '

(a) nature of the working substance.
() amount of the working substance.

(¢) temperatures of two reservoirs between which
the cycle operates.

(d) type of cycle followed.
(wviif) Reversible steady flow work interaction is equal to
(2) SPdV
(6) -§ vap
(¢) uy-u
(d) pvi-p,v,

{(ix ) For a system undergoing phase change like melting
or vaporization, —— remains constant.

(a) enthalpy

(b) entropy

(c) specific volumé

(d) Gibbs function
(x) Torris a unit of

(a) temperéture

(b) pressure

(c¢) volume

{d) energy

www.amiestudycircle.com

{xi) A thermodynamic cycle is impossible if
aQ
— <0
(a) § T
aQ
b —= >0
(b) §—5

(d) §ds>0

(xi) The critical radius of insulation for a spherical shell
is

(a) h/k
(b) 2h/k
(c) k/h
(d) 2k/h

(xiif ) If A, and A, are the inside and outside surface areas
of a hollow cylinder, the logarithmic mean area is
given by

(2) (A +A4,)/In A/A,
(b) (A,-A,)/In A,/ A,
(c) A,/ A /(A +A,)
(d) (A+A4,)2
(xiv) Prandtl number is defined as
(2) K/uC,
(b) a/v
(c) uC,/k
(d) KC,/u
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(xv) Gases have poor _ {xix) The reciprocity theorem states that
{a) transmissivity. (a) A F,=A,F,

(b) absorptivity. (b) A,F,,=AF,
(c) reflectivity., (c) F,- F,

(d) emissivity. v (d) aF, -a,F,
(xvi) The intensity of radiation is obtained by multiplying

" the emissive power by a factor SE e (xx ) Which one of the following has the least value of
thermal conductivity :
{a) n
{2) Rubber
(b) 1/n
(b) Air
1
(c) —nm
\/E (c) Water
\/'2‘ _ (d) Plastic
(d) — ‘
n

(xvii ) Which one of the following dimensionless number
is relevant in transient heat conduction ?

(2) Reynolds number
(b) Fourier number
(¢) Grashof number
(d) Prandtl number
(xviii ) Iceis very close to a
(a) gray body.
(b) white body. ‘
(c) black body.

(d) specular body.

YIVPAN . £ ARNT 2 a4/ anc (1 anan
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$'10: 6 AN : MC 405 (1498)
THERMAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum marks : 100

Answer FIVE questions, taking ANY Two from Group A,
ANY TWO from Group B and awL from Group C.

All parts of a question (a, b, etc.) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
Group A

1. (a2) Explain the first law of thermodynamics for a change
of state and prove that energy is a property. 6

(5) The pressure volume relation for a non-flow rever-
sible process is P=(8 -4 V) bar, where V isin m>.
If 130kJ of work is supplied to the system, calculate
the final pressure and volume of the system. Take the
initial volume as 0.5 m>. 4

(c¢) In a nozzle, the ideal gas expands from a pressure
of 20 bar to 3 bar and the process is reversible
adiabatic. The inlet conditions are 500°Cand 35 m/s.
Determine the area and velocity at the outlet section
of the nozzle, if the flow rate is S kg/s. Take R =
190kJ/kgK and r= 1.35. 6
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2.

(d)

State the statements of second law of thermodyna-
mics as pertaining to a heat engine and a refrigerator.

(2) Listoutthe limitations of first law of thermodynamics.

(&)

(c)

(d)

(a)
(b)

(c)

(d)

A combination of three Carnot engines, A, B and
C, working ina series, operate between temperatures
1000K and 300 K. Calculate theintermediate tempe-
rature, if the amount of work produced by the engines
is in the proportion of 5:4:3. ‘

Prove that the efficiency of Carnot engine is higher
compared to that of an irreversible heat engine, both
working between same temperature limits.

Distinguish between thermodynamic work and heat
transfer.

Derive Clapeyron equation.

Sketch and explain the essential components of a
Rankine vapour power cycle.

Obtain an expression for thermal efficiency of an air
standard Otto cycle.

For a non-flow polytropic process, prove that the

H—lr] C,(T,~- T,), where n=

heat transfer, Q = [n

polytropic index, r=ratio of specific heats.

4. (a) Explain the working of an actual gas turbine with P-V

and T-s diagrams.

{b) Derive Maxwell’s relations.

AMIE(l) Study Circle, Roorkee

4 s.

(c)

(d) Define the following terms :

(a)
(b)

(c)

(d}
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A four-cylinder engine has the following data : Bore =
15cm, stroke= 15cm, piston speed = 510 m/min.
brake power = 60kW, mechanical efficiency = 80%,
mean effective pressure = S bar. Determine whether
this is a two-stroke engine or four-stroke engine. 4

8x1
{i) Dew point temperature
(if) Energy
(i) Property of the system
(iv) Air-fuel ratio
(v) Steady flow
{vi) Saturation ratio
(vii} Specific humidity
(viif) Mean effective pressure.
Group B
Explain the modes of heat transfer. 3

Obtain the general heat conduction equation in carte-
sian co-ordinates. 8

Discuss the effects of various parameters on thermal
conductivity. 4

A thermal wall, 320 mm thick, is made up of an inner
layer of firebrick (&£ =0.84 W/m°C) covered with a
layer of insulation (k=0.16 W/m°C). The reactor
operates at a temperature of 1325 °C and the ambient
temperature is 25°C. Determine the thickness of
firebrick and insulation which gives minimum heat
loss. Take maximum temperature of insulation as
1200°C. 5
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{a) Obtain the momentum equation for a hydrodynamic

boundary layer over a flat plate. 8
() Explain the phenomenon of film condensation. 4
{c) A steel pipe (k=72W/m°C) of outer diameter

34 mm and 2 mm radial thickness carries dry saturated
steam at 120°C. The pipe has been provided with
asbestos insulation (k=0.3W/m°C) to check and
minimize the rate of steam condensation. The pipe
is Jocated in surroundings at 25 °C. Taking unit length
of pipe, calculate (1) thickness of asbestos insulation
for which the rate of steam condensation is same as
that when the pipe is uninsulated, and (i) mass flow
rate of condensation when the above insulation is 8.
provided. Take surface conductances on air side and

steam side as 13W/m2?°C and S500W/m?°C,
respectively. A, at 120°C = 2300 kJ/kg.

(a2) Find out the amount of heat transferred through an
iron fin of length SO mm, width 100 mm and thickness

Smm. Assume k= 210kJ/mh°C and A= 42

kJ/m?>h°C for the material of the fin and the
temperature at the base of the fin as 80°C. Also,
determine the temperature at the tip of the fin, if the
atmosphere temperature is 20 °C. 6

(b

~—

Define (1) efficiency of fin, and {1 ) effectiveness of
fin. 1+1

(c)
(d)

Explain the design considerations for a fin. 4

Ahorizontal tubular single shell, single pass condenser
is used to condense saturated steam at 80°C. The
condenser is a shell and tubes are of brass (k=
110W/m°C) of 159mm outer diameter,

www.amiestudycircle.com

13.4 mm inner diamcter. Steam is outside the tubes
and cooling water enters the tubes at 20°C with a
velocity of 1.4m/s and leaves at 40 °C. If the rate of
cooling water supply is SS000 kg/hr and the latent heat
of condensation of steam at 80°C is 2304 kJ/kg,
calculate (/) number of tubes, and (i ) length of each
tube. For calculating the tube side heat transfer
coefficient, use Dittus-Boetter equation and for the
shell side heat transfer coefficient, the average value

may be taken as 10760 W/m’K. Data: Properties of
water at 30°C are:
k=0.659 W/mK, Cp =4.180kJ/kg-K

0= 979.8 kg/m*, n=0.4044 x 10"3Pa.s

(a) Obtain an expression for LMTD for a parallel flow
heat exchanger.

(5) A counterflow heat exchanger is used to cool 2000
kg/hr of oil (Cp = 2.5 kJ/kgK) from 105°Cto 30°C
by the use of water entering at 15°C. If the overall

heat transfer coefficient is expected to be 1.5
W/m?K, make calculations for the water flow rate,
the surface arearequired, and the effectiveness of heat
exchanger. Presume that the exit temperature of the
water is not to exceed 80°C. Use NTU effectiveness
approach.

(c) State Stephen-Boltzmann law and Kirchhoff law for
radiation heat transfer with proper units of
measurements.

{d) Determine the rate of heat loss by radiation from a
steel tube of outside diameter 70mm and 3 m long
atatemperatureof 227 °C, if the tube is located within
a square brick conduit of 0.3 m side and 27 °C. Take
€hee = 0-79, €, = 0.93.

steel

3
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Group C {iv) The most widely used heat insulating material for
ipeline carrying steam is
9. Choose the correct answer for the following : 20x1 PP Arying
(a) saw dust.
(7) Foragiven set of operating pressure limits of Rankine

cycle, the highest efficiency occurs for (6} cotton.

(2) , (c¢) 85% magnesia content and glass wool.
a) saturated cycle.
(d) asbestos.

(5) superheated cycle. {v) With increase in the temperature of intake air, IC

(c) reheat cycle. engine efficiency

decreases.
(d) regenerative cycle. (a) decr

{b) increases.
(&) For spheres, the critical thickness of insulation is

given by {c) remains same.
(d) depends on other factors.
(2) h/2k
{vi) The total emissivity power is defined as the total
(b) 2k/h amount of radiation emitted by a black body
(c) k/h ‘ , (2) per unit time.
(d) k/2nh {b) per unit temperature.

(c) per unit thickness.
where k = thermal conductivity, and A= convective

heat transfer coefficient. (d) per unit area.

(vif) Asteelball of mass 1 kgand specificheat 0.4kJ/kgK
is at a temperature of 60 °C. It is dropped into 1kg
of water at 20 °C. The final steady state temperature

(ifi) A cycle, consisting of two reversible adiabatics and
two isochoric processes, is known as

(a) Brayton cycle. of water is
{(a) 23:5°C
(b) Otto cycle.
(b) 30°C
{c) Dualcycle. (e} 35°C
(d) Sterling cycle. (d) 40°C
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THERMAL SCIENCE AND ENGINEERING

Time : Three hours

Maximum Matks ;100

Answer ¥IVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and AL from Group C.

All parts of é question (a, b, etc.) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers

may result in loss of marks.

Any missing or wrong data may be assumed suitably

giving proper justification.

Figures on the right-hand side margin indicate full marks.

1. (a)
(b)

(c)

Group A

Explain the concept of macroscopic and microsco-
pic viewpoint as apphed to study of thermodyna-

" mics.

‘Explain the term ‘system’, ‘closed system’, ‘open

system’ and ‘isolated system’. Also, give a suitable
example for each. -

A fluid system undergoes a non-flow frictionless
process following the pressure volume relations as

pP= (5/V)+1 S where p is in bar and v is in m’.

1 Durmg the process, the ‘volume changes from
" 0:15m° to 0.05 m® and the system rejects 45 kJ

of heat. Determine (/) change in internal energy,
and (i ) change in enthalpy.

www.amiestudycircle.com

AMIE(l) STUDY CIRCLE, Iind FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)

57

EMAIL: pcourses@hotmail.com Ph: (01332) 266328, 9412903929 Web: www.amiestudycircle.com



AMIE Study Material & Admission Packages

2. (a) Prove that the expression for polytropic heat
rejection’is given by '

Q_,=(y-a)ly- 1 ) x polytropic work done;

cinn fnr tha f:rat }-:“1

{h) Daeriva an aynrac
\v ) s viz auvi uie - 1110

o
VIIVUY  Qll VAPV OOR

thermodynamics of an open system.

(c) At the inlet to a certain nozzle, the enthalpy of

the fluid passing is 2800 kJ/kg and the velocity -

is 50 m/s at the discharge end. The enthalpy is
2600 kJ/kg; nozzle is horizontal ; and there is a
negligible heat loss from it.

(i) Find the velocity at the exit of the nozzle.

(17) Iftheinletareais 900 cm?and specific volume

at inlet is 0.187 m’/kg, find the mass flow
rate. .

(if) If the specific Vollimc at the nozzle exit is
0.498 m’/kg, find the exit area of nozzle.

3. (a) State and prove the Clausius inequality § %—? < 0.

(b) The first source can supply energy at the rate of
12,000 kJ/min at 320°C. The second source can
supply energy at the rate of 12,0000 kJ/min at
70°C. Which source (1 or 2) would you choose

to supply energy to an ideal reversible heat engine

to produce large amount of power, if the
tg:mperaturé of the surrounding is 35°C?

(¢) A heat-pump works on a reversed Carnot cycle
takes energy from a reservoir maintained at 5°C

AMIE(l) Study Circle, Roorkee
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and delivered it to another reservoir at a
temperature of 77°C. The héat-p}lmi) derives the
power for its operation from a reversible engine
operating within high and low temperatures of
1077 °C and 77 °C, respectively. For 100 kJ/kg of
energy supplied to reservoir of 77 °C, estimate the
energy taken from the reservoir at 1077 °C. 8

Prove ‘that the efficiency of diesel cycle is given
by ’

y-1
Ndieset = 1 g ]

b
rrtjyle-1)

(&) Withthe help of a neat sketch, explain the working

(e)

of simple vapour compression refrigeration cycle. 4

In a diesel cycle, air at 0.1 MPa and 300K is
compressed adiabaﬁcally until the pressure rises
to S MPa. If 700 kJ/kg of energy in the form of
heat is supplied at a constant pressure, determine
the compression ratio, thermal efficiency and

- mean effective pressure. 8

(a)

(6)

Group B

Derive an expression for the temperature distribu-
tion and heat transfer from a fin loosing heat at the
tip. ’ 6

Derive an expression for the heat transfer per unit
time through a composite wall

. n
Q= (-t )/ X KA
!
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6.

W'10:6 AN:MC 405 (1498)
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(c¢) An insulated steam pipe, having outside diameter

of 30mm, is to be covered with two layers of
insulation, each having thickness of 20 mm, ther-
mal conductivity of one material is five times that
of the other. Assuming that the inner and outer
surface temperatures of the composite insulation
are fixed, how much will heat transfer be increased
when better insulation material is next to the pipe
than it is outer layer ? '

(a) Prove that the energy equation for a flow over a

flat plate is given by

2
L 3r, 3r_ 3k

ox ay dy?

(b) What is the transient heat conduction 7

(c) Air at 20°C and at a pressure of 1 bar is flowing

£ 4 NV a . a i, . e Lo al.e

OVEr a 1lat plawc ata VUlWlly UL J lu/ S. u UlC pmu:
is 280 mm wide and at 56°C, calculate the
following quantities at x = 280 mm. Properues of
air at mean temperature of 38°Care:o=1. 1374

kg/m®, k=0.02732 W/m°C, C,=1.005 ki/
kg’K, v=16.768 x 10" m*/sec, Pr=0.7.
(/) Boundary layer thicknesé, o

(i) Local friction coefficient, C,
(i) Average friction coefficient, C;
(iv) Shear stress due to friction, T,
(v) Thickness of thermal boundary layer, & 5,

(4)
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7. (a)

(b)

(c)
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(vi) Local convective heat transfer coefﬁcient, h,

(vu)Average convecnve heat  transfer coeffi-
: c1ent h

( Vlll) Rate of heat transfer.

Prove that the effectiveness for a parallel flow heat
exchanger is given by

1 - C-NTUOL+R)

&= 1+R

An oil cooler for a lubrication system has to cool
1000 kg/hr of oil (C,= 2.09 kJ/kg°C) from
80°C to 40°C by usmg a cooling water flow of
1000 kg/hr at 30°C. Give your choice for parallel
flow or counter flow heat exchanger with reasons. .
Calculate the surface area of the heat exchanger,
if the overall heat transfer coefficient is 24 W/

m?°C. Take C, of water = 4.18 kJ/kg"C.

Oil (C,=3.6kI/kg°C) at 100 °C flows at the rate
of 30,000 kg/hr and enters into a parallel flow heat
exchanger. Cooling water (C,= 4.2 kJ/kg"C)
enters the heat exchanger at 10°C at the rate of
50,000 kg/hr. The heat transfer area is 10 m* and

U= 1000 W/m?°C. Calculate the following:
(7) Outlet temperature of oil and water ; and

(7) Maximum possible outlet temperature of
water.

State and prove the Stefan-Boltzman law of radia-

tion, E, = oT*.
($s)
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. . (iif) With increase in pressure,
(b) Prove that the reciprocating theorem T ) ‘

: o {a) enthalpy of dry saturated steam increases.
AIFLA-2 = A5, o

_ (&) enthalpy of dfy saturated stearn decreases.
(¢) Assuming the sun to radiate as a black body, cal- o
culate the temperature of the sun from the given (c) enthalpy of dry saturated steam remains same.
data. The average radiant energy fluxincident upon v ]
the earth’s atmosphere (solar constant) = 1380 (d) enthalpy of dry saturated steam firstincreases

W/m?, radius of the sun= 7.0x 10°m, distance and then decreases.

between the sun and earth= 15 x 10'm. 7 (iv) Volume of wet steam (per kg) with dryness frac-
' tion, x, is given by

Group C
9. Choose the correct answer for the following : 10x2 (a) x* Ve
(/) When two bodies are in thermal equilibrium with (b} av,
a third body, they are also in thermal equilibrium :
with each other. This statement is called . v ‘ (c) x*( v, = V)
(a) Zeroth law of thermodynamics (d) £ v,

- (b} First law of thermodynamics ( e ) None of the above.
‘C) -Second law of thermodynamics (v) The net work done per kg of gas in a polytropic
{(d) Kelvin-Plank’s law process is eq_ual to

(i) A system comprising a sihgle phase _is called a : (a) pv, Iog v/ v

(a) closed system (b) p(v-v)

(b) open system (c) plv-(v/w%)]
(c) lsolagéd system (d) (Pl"i“Pz"z)/("‘l')
(d) homogeneous system

) 0geneous sy (e) (mv,-pw)/(n-1)
{e) hetrogeneous system.

W’10:6 AN:MC 405 (1498) (7) (Tum Ove
W’10:6 AN:MC 405 (. i98; (6) o { Continved) .
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Lability function is d
(vi) The heat absorbed or rejected during a polytropic (x) Availability um.tlop 1s cxpressec as

process is o (a) a= (u+pdv-Tyds)
(2) [(y-n)/(y-1]xworkdone. - ‘ - (b) a= (u+pdv+Tyds)
(b) [{y-n)/(y-1)F xwork done . (c) a=(du+ pdv-T,ds)
(c) [{y-n)/(y-1)1"*x work done (d) a= (u+pv+T,ds)
(d) [{y-n)/{y-1)Txwork done - (xi') The power available at the shaft of an IC engine is
(vii) Isentropic flow is ' ‘ known as brake horse power and is equal to
' (a) irreversible adiabatic flow. o (a) total power produced - frictional horse power
(b) ideal fluid flow. . - (b) Net IHP -frictional horse power
(c) perfect gas flow. (c) Net IHP + frictional horse power

(d) frictionless reversible flow. (d) Net IHP/frictional horse power

! ible adiabati . : :
() reversible adiabatic flow (xif) The mechanical efficiency (n,,.) of an IC engine

(viii ) The efficiency of Carnot engine, using an ideal gas is equal to
as the working substance, is

() IHP/BHP
(a) (T,- VT,
(b) T,/(T,-T,) (b) BHP/IHP
(¢) TT/T,-T). ‘(¢) BHP/FHP
(d) (L-LURT (d) FHP/BHP
(e) [L(T- B/ T (T + ) (xiii ) If the working fluid in a plant does not come in

contact with the atmospheric air and is used over

ix) The property of a working substance which increases . o
(ix) property g and over again, the gas turbine is said to work on

or decreases as the heat is supplied or removed in
a reversible manner is krown as (2) semi-closed cycle.

(a) enthalpy. _ - (b) open cycl'e.‘

{b) internal encrgy. (c) closed cycle.

{c) entropy.
PY (d) None of the above.

(d) external energy.

W’ 10:6 AN:MC 405 (1498) (9) { Tura Ove
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(xiv) Inapsychrometric chart, the vertical scale shows

"(a) wet-bulb temperature.
(6) dry-bulb temperatufe. |
(¢) adiabatic saturation temperature.

(d) specific humidity.

(xv) In case of sensible heating of air, the by-pass

factor is equal to B

(a) (1 t,)/(64- ;)
(b) (t4- t,)/(1,- ;)
(€) (4= 1)1ty - t;)
(d) (tg-15)/ (24~ t5)

where £, = DBT air entering the heating coil ; ty, = '
DBT of air leaving the heating coil; and ty, =
temperature of heating coil.

(xvi) The logarithmic mean temperature difference

for a heat exchanger is equal to
(a) (Aty)+At)/log(At,/AL;)
(b) (Afy)-At)/log (Aty/AtL;)
(c) log (Aty-At,) |

(d) %log (Aty-AL)

where At, = temperature difference of hot and
cold fluid at outlet and Af;= temperature
difference of hot and cold fluid at outlet.

W’10:6 AN:MC 405 (1498) {10) . (Continued)
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(xvii) The rate of radial heat flow per unit length
through the wall of a hollow cylinder of inner
radius r,, outer radius z,, inner temperature 7,
and outer temperature f, is given by

(2) 2nk (¢, + t,)/log (r,/1,)
(b) 2x(t, + 1)/ klog(r,/1y)
(c) 2nk (8, - t,)/log (ry/ 1;)
(d) log (r,/r)/2nk (¢, - &)

(xviii) If h is the coefficient of heat trnsfer; k, the
‘thermal conductivity ; and /, the characteristic
linear dimension, then the term hl/k is called

(a) Reynolds number
(b) Nusselt number

‘ (¢) Prandtl number
(d) Froude number

(xix) A body, which absorbs all the radiation falling
on it, is called

(a) opaque body.
(b) white body.

(¢). black body.

(d) transparent body.

(xx) For a free convection, the Nusselt number is a
function of

(2) Prandtl number and Grashof number.
(&) Reynolds number and Grashof number
(c) Reynolds number

(d) Reynolds number and Prandtl number.

W’'10:6 AN:MC 405 (1498) (11) AG—1,9(
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S$’11:6 AN: MC 405(1498)
THERMAL SCIENCE AND ENGINEERING
Time : Three hours
. Maximum Marks : 100

Answer FIVE questions, taking ANy Two from Group A,
ANY TWO from Group B and awL from Group C.

All parts of a question (a, b, etc.) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
Group A

1. (a) (7) What does the state postulate say and what is
the necessity of this postulate ? : 2

(i) State the zeroth law of thermodynamics and
prove that this law is the basis for all tempera-
ture measurements. - . 2

(b) Itis proposed to compress air (ideal gas) reversibly
from an initial state of 100 kPa and 27 °C to a final
state of 500 kPa and 27°C. Compare the work
required for the following processes: (7)Heating
at constant volume followed by cooling at constant
pressure, (if ) isothermal compression, (i) adia-
batic compression followed by cooling at constant
volume. For air, C,= 20.93 J/molK and G =
29.302J/molK. 8
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63



AMIE Study Material & Admission Packages

(c)

A pressure vessel is connected to a gas maintained
at 1.4 MPa and 85°C through a valve. The valve
isopened and 2.7 kg of gasis allowed into the vessel
which was at vacuum initially. When the valve is
closed, the gas in the vessel stabilizes at 700 kPa
and 60°C. Determine the heat transfer associated
with the filling process. Also, determine the volume
of the pressure vessel and the initial volume of the
gas allowed into the vessel. Assume C, = 0.88
K/ (kg-K), C,=0.67 kJ/ (kg-K) and neglect the

_ velocity of gas in the main.

(&)

(c)

S'11:6AN:

(7) Show that the transfer of heat through a finite
temperature difference is irreversible.

(#) A room is maintained at 27°C while the
- surroundings are at 2°C. The temperature of
inner and outer surfaces of the wall (k=0.71
W/mK) are measured to be 21°C and 6°C,
respectively. Heat flows steadily through the
wall Sm x 7 m in cross-section and 0.32m in
thickness. Determine the (7)rate of heat
transfer through the wall, (if ) rate of entropy
generation in the wall, and (i) rate of total
entropy generation with this heat transfer
process.

Establish the equivalence of Kelvin-Planck and
Clausius statements of the second law of thermo-
dynamics.

The lowest temperature which has been achieved
till date is 0.0014K. Suppose a sample is to be
maintaincd at that temperature. The energy losscs

MC 405 (1498) (2)
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as heat from the sample are estimated at SOJ/s and

the ambient temperature is 35°C. Suppose a

reversible heat engine which uses a source at 400°C
and the ambient atmosphere as the sink to drive
a reversible heat pump in order to maintain the
sample at the required temperature. Determine the
power required to operate the heat pump and the
ratio of energy absorbed by the heat engine from
the source to the energy absorbed by the heat pump

For e A qarnnla

+h
LTOMM uic 5aimpic.

What are the availability functions for a closed
system and for a steady flow system ? 2 kg of air
at 500 kPa, 80 °C expands adiabatically in a closed
system untl its volume is doubled and its
temperature becomes equal to that of the
surroundings which is at 100 kPa, 5°C. For this
process, determine the (7)maximum work,
(i7 ) change in availability, and (i ) irreversibility.
For air, take, C,=0.718 kl/kgK, u= C,T, where
C, is constant, and pV= mRT, where pis
pressure (inkPa); V=volume (inm?); m = mass
(in kg); R= a constant equal to 0.287 kJ/kg-K

=)

and T= teinperatur.e (in K). 8
(b) Explain tﬁe working of an actual gas turbine with
the help of p-V and T-s diagrams. 4
(c) Explain Joule-Thomson coefficient. What is
.inversion temperature ? 4
(d) Explain the vapour compres;sion cycle of
refrigeration with the help of T-s and p-h
diagrams. 4
$'11:6 AN:MC 405 (1498) (3) ( Turn Qver)
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4.

§'11:6 AN:MC 405 (1498)

(a)

(&)

(c)

(d)

A rigid and insulated tank of volume 10m? is
divided into two equal compartments by a partition.
One compartment is filled with nitrogen at 10 bar
and SOOK while the other compartment is filled
with helium at 2 bar and 300K. The partition is
removed and the gases are allowed to mix. Calcu-
late the (/) final temperature and pressure of the
mixture; (i) molar composition of the mixture;
and (i ) entropy change associated with the mixing
process. Molar heat capacities of gases are :

C, (for N,) = 20.8641 kI/molK
C, (forHe)=12.4717 kJ/molK

C;,N =29.1783 kJ/molK

CP.., = 20.7860 kJ/molK

The efficiency of a Carnot engine can be increased

either by decreasing the sink temperature while -

keeping the source temperature constant or by
increasing the source temperature while keeping
the sink temperature constant. Which one of the
above two possibilities is more effective ?

Why is Carnot cycle not practicable for a steam
power plant? Name the real being adopted. Draw
the schematic diagram, p-V and T-s diagrams of
this cycle.

What is adiabatic saturation ?

(4)

4

2

{ Continued)
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(b)

(c)
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Group B

Show that the temperature variation for heat con-
duction through a cylindrical wall having uniform
K is logarithmic. :

A hollow cylinder, with inner radius 30 mm
and outer radius SOmm, is heated at the inner

surface at the rate of 10° W/m? and dissipates heat
by convection from the outer surface into a fluid
at temperature 100°C with a heat transfer

coefficient of 400 W/m?K. There is no energy
generation and the thermal conductivity of the solid
is assumed to be constant at 15 W/mK. Calculate
the temperatures of inside and outside surfaces of
the cylinder.

Whatis meant by transient heat conduction ? What

is lumped capacity? An aluminium sphere,
weighing 5.5 kg and initially at a temperature of
290°C, is suddenly immersed in a fluid at 15°C.

The convective heat transfer coefficient is S8
W/m?K. Estimate the time required to cool the
aluminium sphere to 95°C, using the lumped
capacity method of analysis. Take the propér_ties
of aluminium as follows:

o(density) = 2700 kg/m>
C (specific heat) = 900 J/kgK
K {conductivity) = 205 W/mk.

What do you mean by critical radius of insulation ?
Show that it is given by k,/h,, where k, is the
thermal conductivity of insulation and 4,, the heat
transfer coefficient.

(5)

4

{ Turn Over})
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6.

§'11:6 AN:MC 405 (1498)

(a) Atmospheric air at 7, = 275K and a free stream

velocity u_= 20 m/s flows over a flat plate L=
1.5m long and is maintained at a uniform

~ temperature T, = 325K.

(7) Calculatethe avereigc heattransfer coefficient,
h,,, over the region, where the boundary layer
is laminar.

(i7) Findtheaverage heattransfer coefficientover
the entier lpqofh L=15mof the n]afe

- (4i) Calculate the total heat transfer rate Q from

the plate to the air over the length L=1.5m
and width w= 1 m. Assume transition occurs

atRe,=2x10°.

The physical properties of atmospheric air are
taken as follows at (7, + 7, )/2= 300 K

K=0.026 W/mK

Pr =0.708

v=16.8x10"®m?/s

=1.98x 105 kg/(m-s).

Also, take the average heat transfer coefficient for
the larhinar layer (neglecting * the viscosity
correction) from the relation

h,=0.664 (k/x,)Pr I3 Re/?

The average heat transfer coefficient (neglecting

-viscosity correction) over L = 1.5m s to be taken
- from the relation

h,=0.036 (k/L )Pr®*[(Re, )**-92001].

(6)

AMIE(l) Study Circle, Roorkee
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(5) Explain the Colburn analogy in detail.

(c) Sketch temperature and velocity profiles in free-

(a)

(b)

(e

—

convection on a vertical wall. Why an analytical
solution of a free convection heat transfer problem
more difficult than that of a forced convection
problem ?

Consider a cross-flow heat exchanger with hot and

cold fluids entering at uniform temperature.
Dlustrate, with sketches, the exit temperature dis-

Ul Gl 1 SRS, WL CALL LA piaiiii e

tribution for the following cases :
(/) Both fluids are unmixed ’
(i) Cold fluid is unmixed and hot fluid is mixed.

A heat exchanger is to be designed to cool m, =
8.7 kg/s in an ethyl alcohol solution [ C,, = 3840

~ J/kg-K] from T,= 75°C to T,= 45°C with

cooling water [C;,c = 4180 J/kg-K] entering the
tube side at ¢, = 10°C at a rate of m,= 9.6 kg/s.
The overall heat transfer coefficient based on the
outer tube surface is U, =500 W/m?K. Calculate

the heat transfer area for (7) parallel flow, shell
and tube, and (77 ) counter flow, shell and tube.

If the local heat transfer coefficient for the thermal

boundary layer over a flat plate has a power-law

dependenton x b, = Cx”, where C is a constant,
then show that the quantity averaged from x=0

to x (in this case A, , ) is simply

h, =h,/(1+ n).Applythistoshow that, for the
larmnar thermal boundary layer over a flat plate,
the average heat transfer coefficient over a
distance x is twice its local value.

(d) Discuss various regimes in boiling heat transfer.

§'11:6 AN:MC 405 (1498)

(7))

5
N

{ Continued)
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(vi) In a gas-to-liquid heat exchanger, why are fins

8. (a) Whatis shape factor ? Show that
: ' provided on the gas side ?

AF, = 1 S S w dA. dA. . 6 v (vii) Explain why the condenser tubes are usually
_ A A L S . ' horizontal. ' -
(b) Explain the electrical analogy for radiative heat ‘ i) Wi :

I3 . {,
transfer in a black enclosure. Draw the equivalent : (V.m) is a black body and opaque body?
electrical network for radiative flux between four (ix) What is the range of wavelength for visible

| walls of a black enclosure. | 6 ~ radiation, i.e., light?
(c) Define/explain any four of the following : 4x2 ' . '
) (x) What do you mean by a non-conducting and
(7) Gray body : re-radiating wall ? '

(i) Kirchhoff’s law
(iif) Monocromatic emissive power of a body.
(7v) Transmissivity of a surface
(v) Wien’s displacement law

(v7) Solid angle.

Group C
9. Explain/answer the following in brief: 10x2
(/) How can a heat pump upgrade low grade waste
heat? -
(Z) All spontaneous processes are irreversible.
Explain.

(i) What is the absolute thermodynamic tempera-
. ture scale ? Why is it called absolute ?
(iv) Whatis the difference between heat and internal
energy ? : :
{v) The amount of entropy generation quantifies the
intrinsic irreversibility of a process. Explain.

§’11: 6 AN:MC 405 (1498) (8) (Continued)
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W’'11:6 AN:MC 405 (1498)
THERMAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum Marks : 100

Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and ALl from Group C.

All parts of a question ( a, b, etc. ) should be

neworod nt
LD YV “ e

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification

Figures on the right-hand side margin indicate full marks.
GroupA

1. (a) Define the thermodynamic system. Differentiate
between open system, closed system and isolated
system. 8

() 3 kg of an ideal gas is expanded from a pressure
7 bar and volume 1.5 m? to a pressure 1.4 bar
and volume 4.5 m>. The change in internal energy
is 525 kJ. The specific heat at constant volume for
the gas is 1.047 kJ/kg-K. Calculate (i) gas
constant ; (i/) change in enthalpy ; and (i) initial
and final temperatures. 3x4
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2. (a) Derive an expression for the efficiency of a re-

versible heat engine. 8 Group B

5. (a) Prove that, for a cyclindrical body as shown in

(b) The law of the expansion curve of a gas engine h ay das -
Fig. 1, the heat transfer by conductionis givenby 10

indicator is found to be pv'? = constant and the

rotin Af arnanifis haat Aftha 1AN Tftha

1ativ vl D}JD\;[LI\/ 1ivdatl vl lllU lllLAlb‘lLC ib 1.7V, 11 e 27[1(T T)
expansion ratio is 5.2 and the pressure and q=

temperature before expansion are 8.5 bar, 330 °C, log (r,/r) log (r/ "z) log (r, /1)
respectively and pressure after expansion is 1 bar, K, K, K.
what is the rate of heat transfer per kg of gas ? 12

3. (a) Derive the general energy equation for steady flow
system and simplify it for the compressor. 10

(b) Inan air compressor, air flows steadily at the rate of
15 kg/min. The air enters the compressor at 5 m/s
with a pressure of 1 bar and a specific volume of
0.5 m’/kg. It leaves the compressor at 7.5 m/s with
a pressure of 7 bar and a specific volume of 0.15
m?®/kg. The internal energy of the air leaving the
compressor is 165 kJ/kg greater than that of the

air entering. The cooling water in the compressor K,
jackets absorbs heat from the air at the rate of K,
500 kJ/s. Find (i) power required to drive the com- X
pressor ; and (ii) ratio of the inlet pipe diameter .

to outlet pipe diameter. 10 Fig. 1

(b) Aninsulated steam pipe, having outside diameter
of 30 mm, is to be covered with two layers of
insulation, each having thickness of 20 mm. The
thermal conductivity of one material is 5 times that

4. (a) Derive an expression for the efficiency of diesel
cycle. 10

(b) Two engines are to operate on Otto and diesel

cycles with the following data : Maximum tempera-
ture = 1500 K ; exhaust temperature = 700 K ;
ambient conditions = 1 bar and 300 K. Compare
the compression ratios, maximum pressures, and
efficiencies of two engines.

10

of the other. Assuming that the inner and outer
surface temperature of insulation is fixed, how
much will heat transfer be increased when better
insulation material is next to the pipe that it is outer
layer ?

10
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6. (a) Derive the momentum equation for laminar boun- (b) Calculate the following for an industrial furnace in
dary layer over a flate plate. What are the assump- the form of a black body and emitting radiation at
tions involved in the derivation of this equation ? 10 2500 °C. 5%x2

(b) A plate of length 750 mm and width 250 mm has (i) Monochromatic emissive power at 1.2 um
been placed longitudinally in a stream of crude oil length.
which flows with a velocity of S m/s. If the oil has ;
a specific gravity of 0.8 and kinematic viscosity (if) Wavelength at which the emission is maximum.
of 1 stoke, calculate the following : - 3+3+4

(#ii) Maximum emissive power.
(i) Boundary layer thickness at the middle of plate.

(i) Shear stress at the middle of plate. (iv) Total emissive power.
(iii) Friction drag on one side of the plate. (v) Total emissive power of the furnace, if it is
assumed as a real surface with emissivity equal
7. (a) Derive an expression for the effectiveness of a t0 9.0.
parallel flow heat exchanger in terms of NTU. 8
Group C
(b) Oil (C, = 3.6 kl/kg °C) at 100 °C flows at the
rate of 30,000 kg/h and enters into a parallel 9. Choose the correct answer for the following : 20 x 1
flow heat exchanger. Cooling water (C =4.2kJ/ .
kg °C) enters the heat exchanger at 10 °C) at the (/) The value of one bar (in SI unit) is equal to
rate of 50,000 kg/h. The heat transfer area is (a) 1x 10> N/m?
10 m? and U = 1000 W/m? °C). Calculate the (5) 1 x 10*N/m?
following : 6+6 (©) 1x10*N/m?

(d) 1x10°N/m?
(i) Outlet temperature of oil and water.

(#) Maximum possible outlet temperature of water. (i) Which one of the following statemet is correct ?
8. (a) Define the flowing terms - 3+3+4 (a) The heat and work are boundary phenomena.
. . . .. (b) The heat and work represent the energy
() Total intensity of radiation crossing the boundary of the system.

(ll) Shape factor (c) The heat and work are path functions.
(#if) Stefan-Boltzmann law (d) Allofthe above.
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(iif) Kelvin-Planck’s statement deals with
(a) conservation of work.
(b) conservation of heat.
(c) conversion of heat into work.
(d) conversion of work into heat.

(iv) When the gas is heated at constant volume, the
heat supplied
(a) increases the internal energy of the gas.
(b) increases the temperature of the gas.
(c) does some external work during expansion.
(d) Both (a) and (b) above.

(v) The heat absorbed/rejected by the working sub-
stance is given by
(a) 8Q=Tds
(b) 8Q=T/ds
(c) 8Q=ds/T
(d) None of the above.
where ds = increase/decrease of entropy ; T=
absolute temperature ; and 3Q = heat absorbed/
rejected.

(vi) For the same maximum pressure and temperature,
(a) Oftto cycleis more efficient than diesel cycle.
(b) diesel cycle is more efficient than Otto cycle.
(¢) dual cycle is more efficient than Otto and diesel
cycles.
(d) dual cycleis less efficient than Otto and diesel
cycles.

(vii)

(viii)

(ix)

www.amiestudycircle.com

Which one of the following is the correct

statement ?

(a) Foragiven compression ratio, both Otto and
diesel cycles have the same efficiency.

(b) Fora given compression ratio, Otto cycle is
more efficient than diesel cycle.

(¢) Foragiven compression ratio, diesel cycle is
more efficient than Otto cycle.

(d) The efficiency of Otto or diesel cycle has

nothing to do with compression ratio.

Which one of the following is the correct

statement ?

(a) Allthereversible engines have the same effi-
cieney.

(b) All the reversible and irreversible engines
have the same efficiency.

(¢) Imreversible engines have maximum efficiency.

(d) None of the above.

The thermal efficiency of an ideal gas turbine plant
is given by

(@ 7

(B) 1

(© 1-(17r)"

@ 1=/

where r = pressure ratio.
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(x)

(xi)

(xii)

The condition for an irreversible cyclic process is
3Y
X9
@ 4=
69
—=<0
® 9

)
() cf -Tg >0
(d) None of the above.

The average value of thermal conductivity for
water at 20 °C saturate is about 0.51.

(@) True

(b) False

A composite slab has two layers of different
materials with thermal conductivities &, and k,.
If each layer has the same thickness, then the
equivalent thermal conductivity of the slab will be

(a) k, k,

b k +k,

(c) k, +k,/k k,
(d) 2k k, [k +k,

(xiif) The logarithmic mean temperature difference

(t,)is givenby

(@) t,=An~-AL/In (A1 /AL)
) t,=In (At/AL)=(AL-AL)
(©) t,=(At,-At)/In(A4/AL)
(d) 1, =1n (AL, AL)KALTAL)

AMIE(l) Study Circle, Roorkee
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(xiv) Incounter-current flow heat exchangers,

(xv)

(a) both the fluids at inlet are in their hottest state.

() both the fluids at inlet are in their coldest state.

(c) both the fluids at exit are in their hottest rate.

(d) one fluid is coldest and the other is hottest
atinlet.

When /. and /. are the temperatures of cold
fluid at entry and exit, respectively and ¢, and 7,
are the temperatures of hot fluid at entry and exit
point, and cold fluid has lower heat capacity rate
as compared to hot fluid, then effectiveness of
the heat exchanger is given by

(a) (t(‘, —t(fz)/(’h, "’(")
(b) (thl "th,)/(l("z —th,)
(©) (th, _thz)/(thl _t('l)

(d) (’('z "l{'a)/(l/q _t(',)

(xvi) In free convection heat transfer, transition from

laminar to turbulent flow is governed by the
critical value of the

(@) Reynold’s number.

(b) Grashoft’s number.

(¢) Reynold’s number, Grashoff’s number.

(d) Prandtl number, Grashoff’s number,
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(xvii) A heat exchanger, with heat transfer surface
area A and overall heat transfer coefficient U,
handles two fluids of heat capacities C___and
C, .- The number of transfer units (NTU) used in
the analysis of heat exchanger is specified as
(@AxC_ U
BLU/AxC
(c) Ax UC_

min

(d Ax UC,,

(xviii) The emissivity for a black body is
(@0
(b) 0.5
(¢) 0.75
@)1

(xix) Which one of the following statement is correct ?

(a) A grey body is one which absorbs all radia-
tions incident oniit.

(b) At thermal equilibrium, the emissivity and
absorptivity are same.

(c) The energy absorbed by a body to the total
energy falling onit is called emissivity.

(d) A perfect body is one which is black in colour.

(xx) When a is absorptivity ; p, the reflectivity ; and 1,
the transmittivity, then for a diathermanous body,
(@) a=1, p=0and 1=0.
() a=0, p=1land 1=0.
(¢) =0, p=0and t=1.
(d a+p=1and t=0.
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S$'12:6 AN:MC 405 (1498)
THERMAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum Marks : 100

Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and ALL from Group C.

All parts of a question ( a, b, etc. ) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answers
may result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
Use of steam tables and Mollier chart are permissible.
GroupA

1. (a) Under what conditions is the work done equal to
J- pdv ? 3

(b) Show that energy is a property of a system. What
are the modes in which energy s stored inasystem ? 7

(¢) In a gas turbine, the gas enters at the rate of 5 kg/s
with a velocity of 50 m/s and enthalpy of 90C kJ/kg
and leaves the turbine with a velocity of 150 m/s
and enthalpy of 400 kJ/kg. The loss of heat from
the gases to the surroundings is 25 kJ/kg. Assume
for gas, R=0.285 ki/kgK and C = 1.004 kl/kg-K,
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and the inlet conditions to be at 100 kPa and

27 °C. Determine the power output of the turbime10

and the diameter of the inlet pipe.

2. (@) To produce network in a thermodynamic cycle, a
heat engine has to exchange heat with two thermal
reservoirs. Explain.

(b) How is a reversible process only a 1imitiﬁg process,
never to be attained in practice ? What do you

understand by internal and external irreversibilities ? 5

(c) A heat pump is to be used to heat a house in winter
and then reversed to cool the house in summer. The
interior temperature is to be maintained at 20 °C.
Heat transfer through the walls and roof is esti-
mated to be 0.525 kW per degree temperature
difference between the inside and outside. (i) If the
outside temperature in winter is 5 °C, what is the
minimum power required to drive the heat pump ?
(ii) If the power output is the same as in part (7),
what is the maximum outer temperature for which

the inside can be maintained at 20°C ? 12

3. (a) Determine the maximum work obtainable by using
one finite body at temperature 7 and a thermal
energy reservoir.at temperature T, 7> T, 5

(b) Explain how an electrical calorimeter is used to
determine the quality of wet steam. 5

(¢) Steam expands isentropically in a nozzle from 1 MPa,
250 °C to 10 kPa. The steam flow rate is 1 kg/s.
Find the velocity of steam at the exit from the nozzle.
Neglect the inlet velocity of steam.

The exhaust steam from the nozzle flows into a
condenser and flows out as saturated water. The
cooling water enters the condenser at 25 °C and
leaves at 35 °C. Determine the mass flow rate of
cooling water. 10

AMIE(l) Study Circle, Roorkee

4. (a) Give the basic components of a steam power plant.
‘Why is Carnot cycle not suitable for such a plant ?

(b) A cyclic steam power plant is to be designed for a
steam temperature of 400 °C at turbine inlet and
the exhaust pressure of 0.1 bar. After isentropic
expansion of steam in the turbine, the moisture
content at the turbine exhaust is not to exceed 15%.
Determine the greatest allowable steam pressure at
the turbine inlet, and calculate the Rankine cycle
efficiency for these steam conditions.

(¢) What is an air standard cycle ? Why are such
cycles conceived ? Show that the efficiency of the
Otto cycle depends only on the compression ratio.

Group B

S. (@) Show that the temperature profile for heat conduc-
tion through a wall of constant thermal conductivity
is a straight line and in the presence of a heat source
it becomes parabolic.

(b) To measure the thermal conductivity of an opaque
material, a spherical shell of inner radius of 26 cm
and outer radius of 34 cm was constructed, and a
100 W electric light bulb placed in the centre. At
steady state, temperatures of inner and outer
surfaces were measured to be 339 K and 311K,
respectively. What is the thermal conductivity of

the material ?

(¢) Calculate the junction temperature of a copper
thermocouple, initially at 25 °C, which when placed
in a gas steam of 200 °C measures a temperature of
198 °C in 5 sec. For copper, take p = 8940 kg/m’,

4
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C =384 J/kg-K, K =390 W/mK and the convec-
tive heat transfer coefficient = 400 W/m2K. Derive (c) Why are heat transfer coefficients for natural con-
the equation required to solve the problem. 8 vection much less than those in forced convection? 4

8. (@) Why is Planck’s law the basic law of thermal radia-
tion ? Explain graphically how E,, and T are
related ? 5

6. (a) Define local and mean heat transfer coefficients. On
what factors does the value of 4 depend in forced
convection ? Show that the Reynold’s number for

flow in a circular tube of diameter, D, can be ex- (b) On what factors does the radiant heat exchange
pressed as Re =4 m/aDy. 6 between two bodies depend ? Show that the
emissive power of a black body is n-times the
(b) State the scope and application of dimensional intensity of emitted radiation. 7
analysis in heat transfer processes. What are the two
methods of determining dimensionless groups to (c) Determine the rate of heat loss by radiation from a
correlate experimental data ? 6 steel tube of outside diameter 0.07 m and 3 m long

at a temperature of 227 °C if the tube is placed
within a square brick conduit 0.3 m side and at

(c) It was found during a test in which water flowed 27 °C. Take £ (steel) = 0.79 and £ (brick) = 0.93. g

with a velocity of 2.44 m/s through a tube (2.54 cm

i.d. and 6.08 m long), that the head lost due to Group C
friction was 1.72 m of water. Estimate the surface )
heat transfer coefficient based on Reynold’s analogy. 9. Answerthe following in brief : 10x2
Take p =998 kg/m? and C,=4.18 kJ/kgK. 8 .
() What is a quasi-static process ? What is its
7. (a) What is nucleate boiling ? Why do bubbles form on characteristic feature ?
on the heating surface ? 6

(i) Whatis the standard fixed point in thermometry ?

(b) A chemical (C,=3.3 kl/kgK) flowing at the rate of Defineit.

?g’(;)ggk,%ﬁlr Enters apar:llel lf_low heat exzhinfelrgzg (iii) Which property of a system increases when heat
- The flow rate of cooling water (C = 4. is transferred at (a) constant volume, and (b) cons-
kJ/kgK) is 50,000 kg/h with an inlet temperature of tant pressure ?

20 °C. The heat transfer surface area is 10 m? and

the overall heat transfer coefficient is 1050 W/m?K. (iv) What do you mean by steady state and steady
Calculate the (i) effectiveness of the heat exchanger, flow ?

and (if) outlet temperatures of water and chemical.
(v) What gre the causes of irreversibility of a process ?
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(vi) When a system is at equilibrium, why would any
conceivable change in entropy be zero ?

(vii) Why is an isentropic process not necessarily an
adiabatic process ?

(viii) Why is second law called a directional law of
nature ?

(ix) Why has an insulated small diameter wire a higher
current carrying capacity than an uninsulated one ?

(x) How does transient heat conduction differ from
steady conduction ?
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W’'12: 6 AN: MC 405 (1498)
THERMAL SCIENCE AND ENGINEERING
Time : Three hours |
Maximum Marks : 100

Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and ALL from Group C.

All parts of a question ( a, b, etc. ) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answer may
result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks
Group A

1. (a) Explain the first law of thermodynamics for a chan-
ge of state and prove that energy is a property. 6

(b) Nitrogen gasat 300K, 101 kPaand 0'1 m*is com-
pressed slowly in an isothermal process to 500 kPa.
Calculate the work done during the process. 4

() () Explain system approach and control volume
approach in the analysis of a flow process. 2

(@) A high velocity water jet nozzle has 002 m
and 0-0001 m as its inlet and outlet diameters,
respectively. Water discharges from the nozzle
at arate of 00060 kg/s. If the outlet pressure is
0-2 MPa, determine the pressure at the inlet
assuming the flow to be isothermal. 8
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2. (a)

®)

©

3. (@
6

Prove that the efficiency of Camnot engine is higher
compared to that of an irreversible heat engine,
both working between same temperature limits.

A body at temperature T, and of constant heat

canacitv C' 1g put mn r-nnfsmf with a thermal reser-

uruvlw} ~ i1 VUGV AR &8 RRAW LS ¥2=193 4

voir at temf)erahue T which is higher than T,.The
pressure ratio remams constant while the body
comes to equilibrium with the reservoir. Show that
the change in entropy of the universe is equal to

C, [x—]n(l +x)|, where x=—T, -T)/T,.

(?) Does heat transfer inevitable cause of a tem-
perature rise ?

{ii) Areversible heat engine, operating between ther-
mal reservoirs at 300 °C and 30 °C drives a
reversible refrigerator which refrigerates a space
at-15 °C and delivers heat to a thermal reser-
voir at 30 °C. The hcat input to the heat
engine is 1900 kJ and there is a net work
output from the combined plant (heat engine
and refrigerator) of 290 kJ. Determine the
heat transfer to the refrigerant and the total heat
transfer to the 30 °C thermal reservoir.

Derive the Clapeyron equatidn.

In a steam boiler, hot gases from a fire transfer heat
to water vaporize at constant temperature. In
a certain case, the gases are cooled from 1100 °C
to 550 °C while the water evaporates at 220 °C.
The specific heat of gases is 1.005 kJ/kg-K and the
latent heat of the water at 220 °C is 1858 kJ/kg.
All the heat is transferred from the gases to
the water. How much does the total entropy

AMIE(l) Study Circle, Roorkee
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4. (a)

(®)

©

(@)
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of the combined system of gas and water
increase as a result of the irreversible heat transfer ?
Obtain the result on the basis of 1 kg of water
evaporated. If the temperature of the surroundings
is 30 °C, find the increase in unavailable energy due to
irreversible heat transfer.

ALACVOISIULIC 2ACAL UIQANIAUA

(i) Differentiate between heat and internal energy.
(if) Derive Maxwell’s relations.

Sketch and explain the essential components of a
Rankine vapour power cycle.

Explam the working of an actual gas turbine with
p-v and T-s disgrams. -

Anideal diesel cycle, using air as the working fluid,

has a compression ratio of 16 and a cut-off ratio of

2. The intake conditions are 100 kPa and 20 °C
and 2000 cm?. Using the cold-air-standard
assumptions, determine the (i) 7 and P at the
end of each process, (ii) net work output,
(iii) thermal efficiency, and (iv) mean effec-
tive pressure. Take for air, R = 0287 kl/kg-K,
C, = 10045 kJ/kg-K and C, = 07175 kJ/
kg-K. :

Define the folloWing:
(/) Saturationratio

(if) Specific humidity

~ (#ii) Dew-point temperature

(iv) Psychrometry

e 2]

4x1
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Group B
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avelocity of 5 m/s over a 1 m x 5 m flat plate whose
temperature is kept constant at 140 °C. Determine

S. (a) Derive the general heat conduction equation in the rate of heat transfer from the plate, if the air
cartesian co-ordinates. flows parallel to the (i) 5 m long side; and (i) 1 m
(b) A thin-walled copper tube of outside metal radius %l\?/e }‘(he %‘Ope;'tleg 252“ at1)802 )((: 1 8{?mk /s. o OI:; A
r =001 m carries steam at 400 K. It is inside a m Sr 415
room where the surroundings temperature is 300 K. Re, >5x10°, thenuseNu, L 0. (1)37{(Re ~87 1)5} 6
The tube is insulated with magnesia insulation Pr'? .Use NUL =0-664Re, "Pr, if Re, <5x10"
of an approximate thermal conductivity of 007 . .
W/(m-K). (i) What is the critical thickness of insula- (¢) () Define Grashof number. What is its physical
tion for an external convective heat transfer coeifi- significance ? 2
cient 2 =40 W/m?-K ? (Assume negligible conduc-
tion resistance due to the wall of the copper tube) ; (i) What is the difference between evaporation
(i) Under these conditions, determine the rate of heat and boiling ? 2
transf?r perlm of tl(ﬂ;;a lengtalll tf}'ﬁr l(({l) a 0-(}02 m1 thick
layer of insulation, (/) critical thickness of insulation, : :
and (I71) 005 m thick layer of insulation. (@) };Y,T,‘fn‘j,ﬁ?f, difference between nucleate and 5
@ @ XZ? : gir?htg?f?ﬂ?:g ges?ofﬁn lengthand fin thick- 7. (a) Derive an expression for the effectiveness of a para-
y Hel flow heat exchanger in terms of NTU. 8
(i) Consider two very long slender rods of the - .
same diameter but of dh%ferent materials. One (b) Explain the phenomenon of film condensation. 4
end of the each rod is attached to a base surface (c) Whatis aradiation shield ?
maintained at 100 °C, while the surfaces of
rods are exposed to ambient air at 20 °C. By (d) Engine oil is to be cooled from 80 °C to 50 °C by
traversing the length of each rod with a thermo- using a heat exchanger of counter-flow and concen-
couple, it was observed that the temperatures tric tube-type, with cooling water available at 20 °C.
of the rods were equal to the positions X, = 0-15 Water flows inside tube with ID of D, =25 cmata
m and/YB=O-O75 m, where Xis measured from rate of m, = 008 kg/s and oil flows through the
the base surface. If the thermal conductivity annulus at arate of m_; = 0-16 kg/s. The heat trans-
ofrod 4 is known to be K, = 72 W/m-K, deter- fer coefficient for the water side and oil side are
mine the value of K, for the rod B. respecmvely h,= 1000 W/m’-K and 4 ; = 80 W/-
, - m?K, the fouhng factors are F, = 0r 00018 m2 K/W
6. (a) Obtain the momentum equation for a hydrodynamic and F_ = 000018 m?’K/W and and the tube wall
boundary layer over a flat plate. resis-tance is negligible. Calculate the tube length
. ‘ o required. Take C =4180J/kg-K and C =2090
(b) Airatapressure of 101 kPa and 20 °C flows with J/kg-K. . 6
W’12: 6 AN :MC 405 (1498) (4) ( Continued ) W’12: 6 AN :MC 405 (1498) (5) ( Turn Over)
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8. (o)

®)

State and prove the Kirchhof’s law of radiation
heat transfer. 6

Determine six view factors from the base of a cube
to each of its five surfaces, i.e, F|, + F + = +

F. 4

(¢) Definethe following: 4x1
() Emissivity ‘
(i) Absorptivity

- (i) Reflectivity

(3v) Transmissivity

(d) Define radiation intensity. Prove that the intensity
of radiation is given by I, =E, /x. 6

Group C
9. Answer the following in brief: 10x2

(@) Give the Clausius statement of the second law
of thermodynamics.

(i) Show that the work is a path function and not a
property.

(zi)) Which property distinguishes thermodynamics
from other sciences ?

(tv) How does the energy value provide a useful
measure of the quality of energy ?

(v) Whatis a heat pump ? How does it differ from a
refrigerator ?

W’12: 6 AN :MC 405 (1498) (6) ( Continued )
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(vi) Explain the concept of thermal resistance. What
are its applications ?

(vii) Explain ‘fouling factor’ and ‘effectiveness’ as
applied to heat exchangers.

(viif) Define a black body and a gray body.

(ix) State Planck’s law of monochromatic radiation.
What s its significance ?

(x) = For the thickness of hydrodynamic boundary
layer and thermal boundary Iayer to be the same,
what is the value of Prandt] number ?

W’12: 6 AN :MC 405 (1498) (7) AG-1,900
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§'13 : 6 AN : MC 405 (1498)
THERMAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum Marks : 100

Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and ALL from Group C.

All parts of a question ( a, b, etc. ) should be
answered at one place.

Answer should be brief and to-the-point and be supple-
mented with neat sketches. Unnecessary long answer may
result in loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.

1. (a) Explain the difference between energy in transit
- and energy in storage. What is the energy per unit
mass fora (7) non-flow system, and (if) flow

system ? 6

(b) A mass of 8 kg expands within a flexible con-
tainer so that the p-v relationship is of the form
pv'2=constant. The initial pressure is 1000 kPa
and the initial volume is 1m>. The final pressure is
5 kPa. If the specific internal energy of the gas
decreases by 40 kJ/ kg, find the heat transfer in
magnitude and direction. )
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@

2. (@

b

©

@

3. (a)

®

Atthe inlet to a pipeline, the condition of steam is
p = 4MPa, t = 400 °C, h = 3213.6 kJ/kg and
v = 0.073 m%/kg. At the discharge end, the
conditions are found to be p =3.5 MPa,
t =390 °C, h = 3202.6 kJ/kg, and v = 0.084
m’/kg. If there is a heat loss of 8.5 kJ/ kg from
the pipeline, calculate the steam flow rate.

What is a reversible process ? How is a rever-
sible process only a limiting process, never to be
attained in practice ?

Establish the equivalence of Kelvin-Planck and
Claustus statements.

A heat pump provides 3 x 10*kJ/h to maintain
a dwelling at 23 °C on a day when the outside
temperature is 0 °C. The power input to the heat

rrsanse 2o A LY Matarasina $hhn NOD A i Lanst
l.)ullll) i8S 4 Kvv. LCICIMING UliC Lur OI ine ncat
pump and compare it with the COP of a rever-
sible heat pump operating between the reservoirs

at the same two temperatures.

How is the entropy change of a reversible
process estimated ? Will it be different from an
trreversible process between the same end
states ?

Why is an isentropic process not necessarily an
adiabatic process ?

Show that the maximum work obtainable from a
finite body at temperature 7"and a TER at 7 is

givenby
W(max) =C_[(T-T,)-T, In(T/T,) ]
where C is the heat capacity of the body.

AMIE(]) Study Circle, Roorkee www.amiestudycircle.com

(¢) Show that isothermal dissipation of work is
irreversible. ‘ 4

(d) A gas is flowing through a pipe at the rate of
2 kg/s. Because of inadequate insulation, the gas
temperature decreases from 800 °C to 790 °C
between two sections in the pipe. Neglecting
8 pressure losses, calculate the rate of energy
degradation due to this heat loss. Take T, =
300 K and C = 1.1 kJ/kgK. For the same tem-
perature drop of 10 °C, when the gas cools from
5 80 °C to 70 °C due to heat loss, what is the rate
of energy degradation ? Take the same values of
T, and C What is the inference you can draw
5 from this cxample ? 10

4. (a) What is the reversible cycle that represents the
steam power plant ? Draw and explain the cycle
with the help of flow and T-s diagrams. 4

(b) Whatis an air stand cycle ? Why are such cycles
conceived ? 2

() Show that the efficiency of the Otto cycle de-
pends only on the compression ratio. 4

(d) In a gas turbine plant working on the Brayton

Ty cle, the air at the inlet is at 27 °C, 0.1 MPa.
he pressure ratio is 6.25 and the maximum

temperature is 800 °C. The turbine and compres-
sor efficiencies are each 80 %. Find the
(i) compressor work per kg air;
(i) turbine work per kg air ;
(i1i) heat supplied per kg air ;
(iv) cycle efficiency ; and

(v) turbine exhaust gas temperature. 5x%2
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S.

(a)

{b)

{c)

(d)

Group B

Show that the temperature profile for heat
conduction through a wall of constant thermal
conductivity is a straight line and in the presence
of a heat source, it becomes parabolic.

A pipe is insulated to reduce the heat loss from it.
However, measurements indicate that the rate of
heat loss has increased instead of decreasing.
Can the measurements be right ?

Di$cuss the criteria of selection of fins. What is
the difference between the fin-effectiveness and
finefficiency ?

The cooling system of an electronic package has
to dissipate 0.153 kW from the surface of an
aluminium plate 100 mm x 150 mm. It is pro-
posed to use eight fins, each 150 mm long and
1 mm thick. The temperature difference between
the plate and the surroundings is 50 K, the
thermal conductivity of plate and fins is 0.15
W/ mK and the heat transfer coefficient is 0.04
kW/m?K. Calculate the heights of the fins

required.

What is the lumped system analysis for transient
heat conduction ? When is it applicable ?

A solid copper ball of 100 mm diameter and
p = 8954 kg/m’, C = 383 J/kgK, k = 386
W/mK is at a uniform temperature of 250 °C.
It is suddenly immersed in a well-stirred fluid
which is maintained at a uniform temperature of
50 °C, the heat transfer coefficient between the
ball and the fluid is h = 200 W/m?K. Estimate
temperature of the copper ball after a lapse of
5 min of immersion.

AMIE(]) Study Circle, Roorkee
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7. (a)

()

©
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8. (o)

(b)
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How is the friction factor for flow in a tube
related to the pressure drop ? How is the pres-
sure drop related to the pumping power for a
given mass flow rate ?

It was found during a test in which water flowed
with a velocity of 2.44 m/s through a tube ( 2.54
cm inner diameter and 6.09 m long) that the head
loss due to friction was 1.27 m of water. Esti-
mate the surface heat transfer coefficient based

on Reynolds analogy. Take o =998 kg /m* and
C,=4.187 k/kgK.

Lubricating oil (p = 865 kg /m?, k = 0.14
W/mK, C =1.79kl/kgK and v =9 x 107 m?s)
at 60 °C enters a 1 cm diameter tube with a velo-
city of 3.5 m/s while the tube wall is maintained
constant at 30 °C. Calculate the tube length requi-
red to cool the oil to 45 °C. Use Dittus-Boelter
equation to find 4.

With the help of Buckingham 7 -theorem, show
that for natural convection heat transfer

Nu =B.Gr* Pr°
where B, a and b are constants.

Why is the bulk temperature of condensate
always sub-cooled ?

What is nucleate boiling ? Why is it important ?

Show that the emissive power of a black body is
7 times the intensity of radiation.

On what factors does the radiant heat exchange
between two bodies depend ?

10
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State and explain the reciprocity theorem in
thermal radiation. 3

Two fluids A and B exchange heat in a counter
flow heat exchanger. Fluid A enters at 420 °C
and has a mass flow rate of 1 kg/s. Fluid B
enters at 20 °C and has a mass flow rate of
1 kg/s. The effectiveness of heat exchanger is
75%. Determine the (i) heat transfer rate and
(#7) exit temperature of fluid B. Specific heat of
fluid A = 1 kJ/ kgK and that of fluid B = 4.1
kJ/kgK. 8

What do you mean by fouling factor ? 2

Group C

9. (A) Choose the correct answer for the following : 10 x 1

(7) In which the following processes for an ideal
gas, the heat transfer is completely converted
to work :
(a) Reversible adiabatic process
(b) Reversible isobaric process
(c) Reversible isothermal process

(d) Reversible isochoric process

(i) At absolute zero temperature, the isotherm
coincides with an’

(a) isobar.
(b) adiabatic.

(c) isochore.

www.amiestudycircle.com

(d) isenthalpe.

(iii) Reversible steady flow work interaction is equal
to

2
(a) Ipdv

2
)~ Ivdp
1
(¢) u,~u,

(d) pv,— pyv,-

change in entropy would be
(@) maximum.

(b) positive.

(c) negative.

(d) zero.

(v) When air is adiabatically saturated, the tempera-
ture attained is

(a) dew point temperature.
(b) wetbulb temperature.
(¢) dry bulb temperature.
(d) effective temperature.
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{vi) The Reynolds number of a fluid flowing through a

pipe depends on NTU

(@) the velocity of fluid. © = RTU+1
(b) the diameter of the pipe. @ €= NTU+1

(¢) the kinematic viscosity of the fluid. NTU

(d) All of the three above. (x) Most solids are

(vii) For buoyancy induced flow and heat transfer, (a) highly absorptive.
the relevant dimensionless number is "
(b) highly transmttive.
(a) Reynolds number.
¢) highly reflective.
(b) Prandtl number. (©)bighly
opaque.

(c) Grashof number. (d) opaq
(d) Nusselt nummber. (B) Writc in brief on any five of the fqllowing : 5x2

Incquali lausi
(viii) which one of the following has the least value of @ Incquality of Clausius

thermal conductivity ? (i) Vapour compression refrigeration cycle
(a) Water (ifi) Dicscl cycle
(b)Air (iv) Quality of energy
(c) Rubber (v) Kirchhoff’s law of radiation
(d) Plastic

(vi) Critical radius of insulation
(ix) Forabalanced counter flow heat exchanger, the

effectiveness is given by (vii) Film condensation
1-exp(-NTU) (viii) Hydrodynamically fully developed flow in a
(@) g= pipe.
2
1+exp(—NTU
b = p(z ) .
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W’13 : 6 AN : MC 405 (1498)
THERMAL SCIENCE AND ENGINEERlNG
| Time : Three hours '
- Maximum Marks : 100

Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and ALL from Group C.

All parts of a question ( a, b, etc. ) should be
answered at one place.

Answer should be brief and to-the-point and be supplemented
with neat sketches. Unnecessary long answer may result in
loss of marks.

Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate full marks.
Group A
1. (a) State the zeroth law of thermodynamics and prove
that it is the basis of temperature measurement. 4
(b) What do you understand by path function and point
function ? What are exact and inexact differential ? 4

(c) How'does steady flow energy c‘cjuation related to
Euler’s equation and Bernoulli’s equation ? 4

(d) State the first law of thermodynamics. In a gas turbine,
the gas enters at the rate of 5 kg/s with a velocity of

50 m/s and enthalpy of 900 kJ/kg and leaves the
turbine with a velocity of 150 m/s and enthalpy of
400 kJ/kg. The loss of heat from the gases to the
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2. (a)
@]
(©)

(@)

®)

©

@

surroundings is 25 kJ/kg. Assume for gas R =
0.285kJ/kg-K and C,=1.004 kJ/kg-K and the inlet
conditions to be at 100 kPa and 27 °C. Determine
the power output of the turbme and the diameter of
the inlet pipe.

“Write the Kelvin-Planck and Clausiﬁs statements of

the second law of thermodynamics. Prove that they
mean the same.

What is the qualitative difference between heat and
work ? Define thermal efficiency of a heat engine

Avrala Man thia laa 1NN0/L
\.«yblc Lail ulisS o 1vv7/o.

A heat engine operates between a source of 600 °C
and a sink of 20 °C. Determine the least rate of heat
rejection per kW net output of the engine.

A fluid undergoes a reversible adiabatic compression
from 0.5 MPa, 0.2 m* to 0.05 m® according to the
law pv'? = constant. Determine the change in‘enthalpy,
internal energy and entropy and the heat transfer and
work transfer during the process.

Define the second law efficiency. How is it different
from the first law efficiency in case of a simple power
plant ?

Calculate the decrease in available energy when
25 kg of water at 95 °C is mixed with 35 kg of water
at 35 °C, the pressure being taken as constant and the
temperature of the surroundings being 15 °C. (C, of
water = 4.2 kJ/kg-K).

Write the Maxwell’s equations and first and second
T-ds equations.

Explain ‘Absolute Thermodynamic Temperature
Scale’.

AMIE(]) Study Circle, Roorkee
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4. (a)

)

www.amiestudycircle.com
Why is Carnot cycle not practicable for a steam
power plant ? Name the real cycle adopted and
draw it on p-v, T-s and h-s diagrams.

What is an air-standard cycle ? Why are these con-

. ceived ? What is compression ignition engine ? Why

©

@)

(b)

(©)

is the compression ratio here is more than that of an
Slengine ? State four processes of diesel cycle.

With the help of a schematic diagram, explain the
working of a typical gas turbine and draw the
Brayton cycle on p-v diagram. Derive the expression
for efficiency in terms of four temperatures.

What is psychrometrics ? What is an adiabatic
saturation process ?

Group B

) In a cylindrical fuel rod of a nuclear reactor, the

mternal heat generation is given by

2
. . r
q=49 1—[—)
6

where g, is a constant and 7, = outer radius. Calcu-
late the temperature drop from the centre line to the
surface of a 2.5 cm outer diameter rod having a ther-
mal conductivity of 20 W/mK, if the rate of heat
removal is 2.5 MW/m?.

What is critical thickness of insulation on a small
diameter wire or pipe ? Explain physical significance
and derive the expression.

The temperature of the air stream in a tube is mea-
sured with the help of a thermometer placed in a
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. (a)

)

©

protective well filled with oil. The thermometer well is
made of a steel tube (k = 55.8 W/mK), 120 mm long
and 1.5 mm thick. The surface heat transfer coefficient
from the air to the protective well is 23.3 W/m?K
and the temperature recorded by the thermometer is
84 °C. Estimate the measurement error, if the tem-
perature at the base of the well is 40 °C. Explain the
theory behind the solution.

Derive the following equation for a small metal casting
being quenched in a bath after removing it from a hot
surface.

( 14s)
T=(T,-T.)exp {———\L+T
( 0 co) p)l pCV} w©

where T =initial temperature ; T, = environmental
temperature ; ¢ = time ; A = convective heat transfer
coefficient ; 4 = surface area ; p = density of solid
(casting ) ; C = specific heat of solid (casting) ; and
V= volume. State the important assumption/condition
for derivation.

‘What is (i) Sieder and Tate, and (ii) Dittus-Boelter
equations ? Where and when are these applied ?

Atmospheric air at 7, =275 K and a free-stream
velocity u =20m/s flowsoveraflatplateL=1.5m
long that is maintained at a uniform temperature of
T, =325K.

() Calculate the average heat transfer coefficient, h,
over the region where the boundary layer s
laminar.

(i7) Find the average heat transfer coefficient over
the entire length L = 1.5 m of the plate.

(iii) Calculate the total heat transfer rate, Q, from the
plate to the air over the length L=1.5and width
=1m.

AMIE(]) Study Circle, Roorkee
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7. (a)

®)

(©)

@

8. (a)
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- Assume : Transition occurs at Re, =2 x 10°.

Physical properties of air at 300 K— (T, +T,)2are:
k=0.026 W/mK ; p,=0.708 ; v=16.8 x 10" m?s.

The relations for portion (7) and (i) of question are as
follows :

X

c

h, = 0.664(—"-] P'"” Re!?
(region where boundary is laminar).

and h =0 36("“"“ [Re® -9
L) b

(over the entire length).

200
i

Write a note on ‘thermally and hydrodynamically fully
developed flow through a pipe. Define Prandtl number
and explain its significance.

Define radiation intensity. Prove that the intensity of
radiationis givenby /I, = E, /m.

State and explain Kirchhoff ’s law. Whaf are the condi-
tions under which it is applicable ?

A surface with 4 = 2 cm? emits radiation as a black
body at 7= 1000 K.

(i) Calculate the radiation emitted into a solid angle
subtended by 0 < ¢ < 2mand 0 <0 < /6.

(i) What s the fraction of energy emitted into the above

solid angle of that emitted into the entire hemi-
spherical space ?

Explain the meaning of the term ‘view factor’. State

and explain the reciprocity relation.

Engine oil is to be cooled from 60 °C to 45 °C using
seawater at inlet temperature of 20 °C with a tem-
perature rise of 15 °C. The design heat load is

3+3

6

N
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)

)

@

Q= 140 kW and the mean overall heat transfer co-
efficient based on the outer surface area of the tubes
is 70 W/m?K. Calculate the heat transfer area for
single-pass (i) counterﬂow and (if) parallel
flow arrangements.

Distinguish between filmwise and dropwise conden-

sation. Which of the two gives a higher heat transfer
coefficient ? Why ?

Discuss the various regimes in boiling heat transfer.
Why is the heat transfer coefficient in nucleate boiling
10-20 times greater than in film boiling.

A counterflow heat exchanger of area A= 12.5 m?is
to cool [C, = 2000 J/kgs] oil with water [C,. =
4170 J/kg—s] The oil enters at T, =100 °C and
m, =2 kg/s, while the water enters at T, =20°C
and m = 0.48 kg/s. The overall heat trans%er coeffi-
cientis U = 400 W/m?>K. Calculate the exit
temperature of water T, ,and the total heat transfer
rate 0. Use the followmg graph for solution.

Hot fluid (e, Jy =G,
N N Y
——
Z Cold Muid (mc, ) = ¢,
Heat transfer
surface
100 — — —
Corin/Causs r",gs.k/ /:
80 14— /jr/‘giég‘/" -
P77 0.
015} 3
£ 7/’? 00
g
Z 60 i
<
g .
)
T
&
5
2ol
oLl
0 X 2 3 4 5
Ne AUy, [Coin

Effectiveness for a counterflow heat exchanger.
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Group C

(/) Give the criteria of reversibility, 1rrever51b1hty and
impossibility of a thermodynamic cycle.

(i) Whatis the higher and lower grade energy ?

(#7)) What is the property introduced by the first law of
thermodynamics ? Why should specific heat not be
defined in terms of heat transfer ?

(iv) Explain Clausius inequality.

(v) How does the subject of thermodynamics differ from
the concept of heat transfer ? Define thermodynamic
property.

(vi) Whatis thermal diffusivity ? Explain its importance in
heat conduction problems. _

(vii) What is meant by ‘thermal resistance’ ? Explain the
electrical analogy for solving heat transfer problems.

(viii) Explain the meamn%of Reynolds analogy. Describe
the relation between fluid friction and heat transfer.

(ix) Define the term ‘shape factor’ related to the graphi-
cal analysis of two-dimensional heat conduction
problems. :

(x) Define Grashof number and explain its 31gmﬁcance in
free convection heat transfer.
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