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S'20 : 6 AN : MC 405 (1498)
THERMAL SCIENCE AND ENGINEERING
Time: Three hours
MaximumMarks : 100
Answer FIVEquestions, taking ANYTWO
from Group A,
ANYTwofrom Group B and ALLfrom 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 properjustification
Figures on the right-hand side margin indicatefull marks.

Group A
1. (a) Define thermodynamicsystem. Differentiate
among open system, close system and isolated
4
system.

( b) State the first law of thermodynamicsand
prove that for non flow process it leads to
6
( c) Air at 290 K temperature passes through a heat
exchanger at 30 m/s velocity and its tempera-

ture gets raised to 1100 K. Subsequentlythe
heated air enters a turbine with the same velo-
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city and its expansion continues till the temperature drops to 900 K. After exit from the turbine
at 45 m/s, further expansion occurs in a nozzle
and the temperature falls to 800 K. Ifmass flow
rate of air is 2 kg/s, determiné :

(i) Rate of heat transfer to air in the heat
exchanger
(ii) Power output from the turbine and
(iii) Velocity at exit from the nozzle.

Assume no heat loss and take c = 1.005 kJ/kgK
for air.

10

2. (a) State the two statements of second law of
thermodynamics and establish the equivalence
between them.
6

( b ) Differentiate between thermodynamic work
4

and heat transfer.

(c) Two reversible heat engines A and B are
arranged in series. Engine A rejects heat directly
to engine B. A receives 200 kJ at a temperature
of 421 oc from the hot source while engine B is

in communicationwith a cold sink at a temperature of 5 oc. If the work output of A is twice
that of B, find :
(i) Intermediate temperature between A and B

(ii) Effciency of each engine and
(iii) Heat rejected to the sink.
S'20•.6 AN:MC 405 (1498)
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What is throttling process ? Point out its salient 4
aspects.
6

( b ) State and derive Clapeyron equation.

( c ) An air standard Otto cycle has a heat addition
of 2800 kJ/kg of air and a compression ratio of

8. The pressure and temperature at the beginning ofcompression process are 1 bar and 300 K
respectively. Determine :

(i) The maximum pressure and temperature in
the cycle
The thermal effciency and
(iii) The mean effective pressure.

Take c = 1.005kJ/kg K,

= 0.718 kJ/kg K

and R = 287J/kgK.

4. (a)

10

Write the Maxwell equations also wHtefirstand
second T-ds equations.
5

( b ) What is psychometrics ? What is an adiabatic
saturationprocess ?
5

( c ) Explain the working of an actual gas turbine
with p-v and T-S diagrams.

( d) Describe a simple vapour compression cycle
giving clearly the flow diagram.
5

S'20:6 AN:MC 405 (1498)
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Group B
5. (a)

Obtain the general heat conduction equation
in Cartesian co-ordinates.

6

( b ) Discuss the criteria of selection of fins. What
is the difference between fin effectiveness and
fin efficiency ?
6
(c)

Calculate the rate of heat loss through the vertical walls of a boiler furnace of size 4 m by 3 m
by 3 m high. The walls are constructed from an
inner fire brick wall 25 cm thick of thermal conductivity 0.4 W/mK, a layer of ceramic blanket

insulation of thermal conductivity 0.2 W/mK
and 8 cm thick, and a steel protective layer of
thermal conductivity 55 W/mK and 2 mm thick.

The inside temperature of the fire brick layer
was measured at 600 oc and the temperature of

the outside of the insulation 60 oc. Also find
the interface temperature of layers.

6. (a)

8

What is the lumped system analysis for transient heat conduction ? When it is applicable ? 4

( b ) What do you mean by critical radius of insulation ? Derive the expressionof critical thickness of insulation for cylinder.
6
(c)

An aluminium sphere mass of 5.5 kg and initially at a temperature of 290 oc is suddenly immersed in a fluid at 15 oc with heat transfer

S'20:6 AN•.MC405 (1498)
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coeffcient 58 W/m2K. Estimate the time required to cool the aluminium to 95 oc, for aluminium take p = 2700 kg/m3,c = 900 J/kg K,
k = 205 W/m K.

10

7. ( a ) Obtain the momentum equation for a hydro6

dynamic boundary layer over a flat plate.

( b ) Obtain an expression for LMTD for a counter
6
flow heat exchangers.
( c ) In a counter-flow double pipe heat exchanger,
water is heated from 25 oc to 65 oc by an oil
with a specific heat of 1.45 kJ/kg K and mass
flow rate of 0.9 kg/s. The oil is cooled from 230
oc to 160 oc. If the overall heat transfer coeffcient is 420 W/m2oc, calculate the following :

(i) The rate of heat transfer
(ii) The mass flow rate of water and
(iii) The surface area of the heat exchanger.

8

8. ( a ) Define the term absorptivity,reflectivity and
transmissivity. Discuss the relation between
each other for a black body and opaque body.

5

( b ) State and prove the Kirchhoff's law of radiation heat transfer.

5

( c ) Define intensity of radiation. Prove that the
intensity of radiation is given by :

S'20:6 AN:MC 405 (1498)
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condensation.
( d) Explain the phenomena of film
Differentiatebetween pool boiling and nucleate boiling.

5

Group C
9. Multiple choice questions choose the correct answer :

(i) Measurement of temperature is based on
(a) thermodynamic properties
(b) zeroth law of thermodynamics
(c) first law of thermodynamics

(d) second law of thermodynamics
(ii) Carnot cycle efficiency depends upon

(a) properties of the medium/substance used

(b) condition of engine
(c) working condition
(d) temperature range of operation

(iiJ)In a Rankine Cycle, heat output is obtained
from

(a) Condenser
(b) Boiler

(c) Turbine
(d) Pump
S'20:6 AN:MC 405 (1498)
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(iv) The ideal gas-refrigeration cycle is similar to

(a) Brayton cycle
(b) Reversed Brayton cycle

(c) Rankine cycle
(d) Reversed Rankine cycle

(v) When humidity ratio of air

air is said

to be dehumidified.

(a) increases
(b) decreases
(c) remains constant
(d) None of the mentioned
(vi) Heat transfer deals with the rate of
(a) work transfer
(b) temperature transfer
(c) energy transfer

(d) None of the above
(vii) Aluminium is used as a fin material because

(a) it has higher convection heat transfer coeffcient
(b) it has lower convection heat transfer coeffcient

S'20•.6 AN:MC 405 (1498)
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(c) it has higher thermal conductivity
(d) it has lower thermal conductivity

(viiDHow many types of convection are there ?

(ix) Unit of thermal diffusivity is
(a) m2/hr
(b) m2/hr oc
(c) kcal/m2hr

(d) kcal/m.hroc
(x) A perfect black body is one which
(a) Is black in colour

(b) Reflects all heat
(c) Transmits all heat radiations

(d) Absorbs heat radiations of all wave lengths
falling on it

S'20:6 AN:MC 405 (1498)

(8)

Contact us for Online Classes & Study Materials

AG-2,200

Jyothis Academy

www.amieindia.in

Mob 9495951100

Contact us for Online Classes & Study Materials

Scanned by CamScanner

Jyothis Academy

www.amieindia.in

Mob 9495951100

Contact us for Online Classes & Study Materials

Scanned by CamScanner

Jyothis Academy

www.amieindia.in

Mob 9495951100

Contact us for Online Classes & Study Materials

Scanned by CamScanner

Jyothis Academy

www.amieindia.in

Mob 9495951100

Contact us for Online Classes & Study Materials

Scanned by CamScanner

Jyothis Academy

www.amieindia.in

Mob 9495951100

Contact us for Online Classes & Study Materials

Scanned by CamScanner

Jyothis Academy

www.amieindia.in

Mob 9495951100

Contact us for Online Classes & Study Materials

Scanned by CamScanner

Jyothis Academy

www.amieindia.in

Mob 9495951100

Contact us for Online Classes & Study Materials

Scanned by CamScanner

Jyothis Academy

www.amieindia.in

Mob 9495951100

Contact us for Online Classes & Study Materials

Scanned by CamScanner

Jyothis Academy

www.amieindia.in

Mob 9495951100

Contact us for Online Classes & Study Materials

Scanned by CamScanner

Jyothis Academy

www.amieindia.in

Mob 9495951100

Contact us for Online Classes & Study Materials

Scanned by CamScanner

Jyothis Academy

www.amieindia.in

Mob 9495951100

Contact us for Online Classes & Study Materials

Scanned by CamScanner

Jyothis Academy

www.amieindia.in

Contact us for Online Classes & Study Materials

Mob 9495951100

Jyothis Academy

www.amieindia.in

Contact us for Online Classes & Study Materials

Mob 9495951100

Jyothis Academy

www.amieindia.in

Contact us for Online Classes & Study Materials

Mob 9495951100

Jyothis Academy

www.amieindia.in

Contact us for Online Classes & Study Materials

Mob 9495951100

Jyothis Academy

www.amieindia.in

Contact us for Online Classes & Study Materials

Mob 9495951100

Jyothis Academy

www.amieindia.in

Contact us for Online Classes & Study Materials

Mob 9495951100

Jyothis Academy

www.amieindia.in

Contact us for Online Classes & Study Materials

Mob 9495951100

Jyothis Academy

www.amieindia.in

Contact us for Online Classes & Study Materials

Mob 9495951100

Jyothis Academy

www.amieindia.in

Contact us for Online Classes & Study Materials

Mob 9495951100

Jyothis Academy

www.amieindia.in

Contact us for Online Classes & Study Materials

Mob 9495951100

Jyothis Academy

www.amieindia.in

Mob 9495951100

W'16: 6 AN: MC 405 (1498)

THERMAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum Marks: 100
Answer FIVE questions, taking ANYnvofrom Group A,
ANY TWO Jrom Group Band ALL fi·om Group C.
All parts ofa question ( a, b, etc. ) should be
answered at one place.
Answer should be briefand to-the-point and be supplemented with neat sketclies. Unnecessary long answer may
result in loss ofmarfr.s.
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 ofthermodynamics and prove

that it is the basis oftemperature measurement. How
does the Seebeck effect make use of temperature
8
measurement by a thern10couple?
(b) Prove that Kelvin-Planck and Clausius statements

of the second law of thermodynamics are equivalent
6
(c) Highlight the importance of the subject thermody-

namics for engineers in general and for mechanical
engineers in particular. How does this subject differ
6
from the concept of heat tranfer?
( Turn Over)
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2. (a) State the first law of thermodynamics for a closed
system undergoing a cycle. Apply the first law for a
steady flow process by taking a real life example.
How does Bernoulli's equation compare with steady
8
flow energy equation?

(b) Write down 'Carnot Theorem'. It is proposed
that solar energy be used to warm a large collector
plate. This energy would, in turn, be transferred as
heat to a fluid within a heat engine, and the engine
would reject energy as heat to the atmosphere.
Experiments indicate that about 1880 kJ /m 2 -h of
energy can be collected when the plate is operating
at 90 °C. Estimate the minimum collector area that
would be required for a plant producing 1 kW of
useful shaft power. The atmospheric temperature
may be assumed to be 20 °C.
6
(c) State the 'Clausius Theorem'. At S. T. P. 8.4 liters

and

R = 8.3143 kJ/kg mol K
v = 22.4 m 3/kg mol

6

( b) Prove the following T d S equations :

(iz) TdS
(c)

= CvdT -T~v

dp

What are the four basic components of a steam
power plant cycle? What is metallurgical limit? How
,is the quantity at turbine exhaust gets restricted ?
Plot the Rankine cycle on p - v and T-s diagrams. 6

4. (a) What arc the three basic components of a gas
turbine plant? What is the air standard cycle of such
5
a plant? What are the processes it consist of?
(b) State"the four processes of the Diesel cycle. Why
is its air-standard efficiencv less than that of Otto
cycle for the same compression ratio?
5
(c) With the help of a neat sketch and p-h diagram,
explain the working of simple vapour compression
refrigeration cycle.
5

of oxygen and 14 litcrs of hydrogen mix with each
completely in an insulated chamber. Calculate the
entropy change for the process assuming both gases
behave as ideal gases.
Take

Mob 9495951100

6

(cl) When do DBT, WBT and DPT become equal ?
Differentiate between relative humidity and specific
humidity.
5

Group B

3. (a) Define the second law efficiency. What is meant
by energy cascading? How is it thermodynamically
efficient ? A mass of I OOO kg of a food initially at
I bar 300 Kisto be cooled to -20 °c. The freezingpointoffoodis -2.2 °C, andthespecificheats
of food below and above the freezing point are 1. 7
and 3.2 kJ/kg-K respectively. The latent heat of
fusion for the food can be taken as 235 kJ/kg.
Calculate the energy produced in the chilling
process. Take 1'o = 300 K and p 0 = I bar.
8
W'l6: 6 AN: MC 405 (1498)

( 2 )

(Continued)

5. (a) Derive the general unsteady state heat conduction
equation with heat generation in rectangular coordinate system. Show that the temperature profile
for heat conduction through a wall of constant
them1al conductivity is a straight line.
8
(b) State the effect of extended surfaces on heat

transfer. If a fin is thin and long and tip loss is negligible, show that the heat transfer from the fin is
W'l6: 6AN: MC 405 (1498)
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0 0 = mk A 0 0 tanhml
where symbols have their usual meaning.

6

7. (a) Define heat-exchanger effectiveness and LMTD
correction factor. Discuss the advantages ofNTU
method over the LMTD method of heat exchanger
design. Show that E = NTU/(1 + NTU) for
counterflow heat exchanger if the capacity rates of
8
hot and cold fluids are equal.

6

6. (a) What is lumped system analysis ? When is it
applied ? Steel ball bearings (k = 50 W /mK,
a= 1:3x_l 0-5 m 2 Is) having a diameter of 40 mm

(b) Identify the special features of conduction, convec-

are heated to a temperature of 650 °C and then
quenched in a tank of oil at 55 °C. If the heat
transfer coefficient between the ball bearings and oil
2
is 300 W /m K, determine (i) the duration of time
the bearings must remain in oil to reach a temperature of 200 °C, (ii) the total amount of heat
removed from each bearing during this time and (iii)
the instantaneous heat transfer rate froin the bearings \Vhen they are first immersed in oil and when
they reach 200 °C.

8

(b) What is the role of velocity and thermal boundary
layers in convection heat transfer ? Highlight the
importance of Prandtl number in-determining the
relative thickness of momentum and energy
diffusion in velocity and thcnnal layers respectively.
What is Col bum analogy?

6

tion and Radiation heat transfer modes. How do we
analyse the heat transfer problems in these different

modes?

6

(c) What is pool boiling ? Explain different regions
in pool bojling. Differentiate between Dropwise and
Filmwise condensation.

6

8. (a) Two very large parallel planes with emissivities 0.3
and 0.8 exchange radiative energy. Determine the
percentage reduction in radiative energytransferwhen
a polished aluminium radiation shield ( £ = 0. 04 for
both sides) is placed between them. Define mono8
chromatic emissivity and total emissivity.

(c) Differentiate between the local and mean heat
transfer coefficients. A rectangular plate is 120 cm
long in the direction of the flow and 200 cm wide.
The plate is maintained at 80 °C when placed in
nitrogen that has a velocity of 2.5 -m/s and ·a
temperahrre ofO °C. Determine (i) the average heat
transfer coefficient and (i1) the total heat transfer from
the plate. The properties of nitrogen at
40 °care p =1.142 kg/m3 , CP = 1.04 kJ/kg K,
u = 15.63x 10-6m2 /s and k = 0.0262 W/mK.
( 4 )

Take critical Re = 5 x 10 5• Use relationship :
Num = 0.664 Re~ 2 Prv 3

6

(c) Explain the finite difference method of finding
temperature distribution and heat transfer in a twodimensional system of simple shape.

W'l6: 6 AN: MC 405 (1498)

Mob 9495951100

(Continued)

(b) State and prove the Kirchhoff's law of radiation.

6

(c) Prove that for a diffuse surface, the total emissive
power is equal to n- times the intensity ofradiation. 6

Group C
20

9. Answer the following in brief:
(1)

X]

What is an ideal gas ?

(ilj What is thermodynamic equilibrium?
w•t6: 6AN: MC 405 (1498)
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(iii)

Differentiate between point function and path
function.

(iv)

Differentiate be~veen Heat and Int~mal energy.

( v)

How is a r~versible process only a limiting
process, never to be attained in practice ?

( vi)

Why is the second law of thermodynamics ;alled
adirectiorial lawofnature?

( vii)

What do you understand by high and low grade
energy?

Mob 9495951100

(xvi ii) Define fouling factor.
(xix)

Define Grashofnumber.

(xx)

Define 'Black body'.

(viii) Why do· isobars on Mollier diagram diverge
from one another?

(ix)

What is compressibility factor?

(x)

What is Joule-Thomson coefficient ? Why is it
zero for an ideal gas?

(xi)

Define the1mal diffusivity.

(xii)

What is boundary layer displacement thickness?

(xiii) Why is there negative sign in the Fourier's law
of heat conduction?
(xiv) Write Wien'sdisplacementlaw.

(xv)

Differentiate bet\veen fin efficiency and fin effectiveness.

(xvi) Explain 'ElectricalAnalogy'.
(xvii) Define shape factor.
W'l6: 6AN: MC 405 (1498)

( 6 )

(Continued)

W'l6: 6 AN : MC 405 (1498)

Contact us for Online Classes & Study Materials

( 7 )

AG-3,000

http://www.amiestudy.com AMIE India Students Forum
http://www.amiecoaching.com
| AMIE Online Coaching | 100 results proved
www.amieindia.in

Jyothis Academy

5"16: $ ,fq.N; i'-llf, 4{-i5 {1498}
L, SCEENCfl

Titn*;

,ThI} I'NGTN&]tr,F.ING

T'hree htnu":;

ud
y.
co
m

.trF{IIRIk{,A

iv{*si tw*tt :\lisri,;; : ! {} $
,4rt.siv:r l'tx'I'. qle,l/lar,s,
^a,r'

1"v.'r,Ji'i,rr

l*kifit

/iNY'l i'.1oli'i].,r2 fir'ri'u.p;L,

{Jroup }} ancl N,r, {r*tn Group C,

A{l parts qf a rsuestion \ d, l', tlc. '} sharild he
ari'n'ered ut oti( plrrc<:.

,4nsrc,'*r shauld ha brie.l and to-thc-poiwt uwd be swpp{*
tu*nlerJ -,Vith ne,ti.s{cldtlrcs (inrtcct..t,':lry lOng *nsu,tr ;,rf{l_}r

result in loss o!'uurks.

An:y mis'sing or \urong duta mu\_, .he u:sunied swit*bi,v
giv i ng prop* v .i u::t ifir-:*t i ttt't.

right-hand side *rcrgin iwlieateJktt murk:;.

st

Frgrur*r.s rsn t,lze

(iroup A

ie

1" (.2) $itate thenlotlynanric

deiinition ofheat and work.
Also, compare betu'eenlieat and tvork.

'

State mrd explain the first.lar.v ofthenrodynamics tbr
undcrgoing a charrge ofstate. Show
tlrat the change in intcmal enerry of a systern is inde-

.a
m

(&)

4

a closed system

' pendent ofthe palh followed bythe

I)erive

aur

6

expression for heat transfer in pol5'Eopic

process.

4

w

(c)

system"

w

w

(,4

In a gas turbine unit, thc gases flow thruugh the
turbine is 15 k$s i.rndthe powerdeveloped bythe
turbine i s 1 2000 kW" [ir.e enthaipies of'gases at the
inlet and outlet ar"e 1260 kJtIcg and 40S hl,&g,
r"espectively ancl thevek:city ofgases atthe inletand
(

?io"lt {,iher:i'.;

http://www.amiestudy.com
AMIE India
Students
Forum
Contact
us for Online Classes
& Study
Materials
http://www.amiecoaching.com | AMIE Online Coaching | 100 results proved

Mob 9495951100

http://www.amiestudy.com AMIE India Students Forum
http://www.amiecoaching.com
| AMIE Online Coaching | 100 results proved
www.amieindia.in

Jyothis Academy

G) Derive the equations r/ = -r'1fi<nrl)

outlet are 50 m/s and 110 m/s, respectively' Calcu-

?

H=-rzl**,r)

Define its COP' Compare

4-

the COP of a lreat pump with that of a refrigerator'

(h)

State the lirnitations

(c)

State and prove Clausius inequality'

offirst law of thermodynamics'
'

(rl) Two Carnot engines A and B are connected in
series betrve"n tt o tlr"r*al resen'oirs maintained at
000 K and 1 00 K, respectively' Iingine A rcceives
1680 kJ of heat from lhe high-temperature reservoir and rcjects heat to the Camot engine B' Engine
B takes in heat rejected by engine A and rejects
heat to the low-temperaturb reservoir' If engines A
and B have equal thermal e{ficiencies, determine tlre
(i) ternperature at which heat is rejected by engine
heai rejected by engine B ;rnd (iii) work done
A"

plants ?

st

State Kelvin-Plank and Clausius statements of
second law of thermodynamics' Show that the
violationofC]lausiusstatementleadstotheviolation

6

w

ofKelvin-Plankstatement'

Aclosed system contains 0'5 kg-of air' It expands
oC' Dtuing cxpanfrom 2 bar,60 "C to 1 bar,40
sion, it reoeives 2 kJ of heat from a reservoir at
100 'C- Assuming atmospheric conditions to be at
0.95 bar, 30 "C, cilculate the (i) maximum work'
(ii) rvork done on atmosphere and (ffi) change in

w

arailabilitY"

5'16: 6 AN : MC 405 (1498)

An engine working on Otto cycle, in which the
salient points are l, 2, 3 alrd. 4,has upper and lower
temperaturelimits T, and {. ifthemaximumwork
pcr kg of air is to be done, show that the intermedi-

ate temperature is thc geometric rnean

ofthe upper

and lower temperature lirnits.

(d) The sling psychrometer in a laboratory test recorded
the following readings : Dry bulb temperature is
35'C and wet bulbtemperaflre is 25 "C. Calculate
the following : (i) Specific humidity, (ii) relative
humidity, (iii) vapour density in air (n,) dewpoint
temperature and (v) enthalpy of mixture per kg of
dry air" Take atmospheric pressure : 1.0132 bar.

Group B

w

(lr)

(c)

ie

.a
m

duringthe pto"*tt by engines A and I], rcspcctively' 6

3. (,r)

(a) It is known ttratthe efficiency of a Rankine cycle can
be increased by decreasing condenserpressure. Is
there any Iimit on the lowest pressure at which the
condenser can be operated ? What are the disadvantages associated with maintaining low
pressure in a condenser ?
(b) Why are the back work ratios relativelyhigh in gas
turbine plants compared to those of steam power

I

f;l

and

ud
y.
co
m

late the (i) rate at which heat is rejected-to the
turbine and (if) area ofthe inlet pipe, given that the
specific voltrme of gases at the inlet is 0'45 m' /kg'

2. (c) What is aheatpump

Mob 9495951100

5. (")

Consider two finned surfaces that are identical
exceptthatthe fins onthe first Surfaceare formedby
casting or extrusion, whereas they are attached to

8

(2)

t

5'16: 6 AN: MC 405 (1498)
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the second surfrce allerwards by weleling or tight
fitting. For which case do you thirrk the fins wiil

7.

(a\

prcrvide grcater enhancement in heat transfer'/
2

walX af a spherical tank of I m diameter
contains an exothenuic chernical reaction and is at
200 "C u,hen the arnhi*nt air temperature is 25 "C"
ur-ethane faam (K : 0.026
W/mlQ is required to reclucr; the exterior tempera-

Wliat thickness of

irxulation?

(c)

A. person is found dead at 5 FM in a room rvhose
temperature is 20'C. Ttrre ternpel'ature clfthe body
is measruerj to bc 25 ''C r.',rlien found- and the heat
transf"er cocfficicnt
cstirnlrted
he
lz:8 Wrn2 "C. h,lodeliug the body as a 30 cm
diamcter, 1.7$ m iong cylirxier, estimate the time of
death of that person. Assume that tire person wm
krealthy whenhe eir she died withabcdytemperature of 37 oC. Tlie thennal pn:p*rties ofthe body

"C.

I

8.

List the salient features of a black body

(b)

Define Larnbert's cosine law of radiatiou and prove
that intensiry of radiation is always constant at any

(c)

(a)

2

Define and write the signifiuanee oflirllorvir:g dimensionless numbers : (i) Nusseltnurnber, (i$ {inrshof
number and (lir) Pranittl nurnber.

w

(6)

?

3x2

Write about (r) Dittus Boelter's correlation and (i$
Sieder andThte correlation.
3+3

@

Discuss indetaii thevarious regimes inlrciling. What

w

w

(c)

i-r;theeltrectofbubtilesizeonboiling

5'16: 6 A1\{: MC
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6

6

I

shield.

What is anirregularboundary ? Wlr,at is apractrcal
way of handling irregular boundary surfaces by

thefinitedifferencemethcd

surface.

2

Emissivities of two large pzrallel plates maintained
at ti00 "Cl and 300 "Cl are 0.3 arrd 0.5. respectively.
lrincl thc ttct radiant heat cxchange per square metre
lirr lhcsc platcs. Also, firld the percentage reduction
i n hca t I nt ns cr wh,:ri a pol i shed aluminiurn radiation
shield ( r; =, 0.0-5 ) is placcd bctween them. Also, furd
12
the temperature of the

I0

.a
m

6.

radiation'

(a)

angle ofemissionfor adiffused

to

negligibie.

enters the 2.5 cm

determine the length of the tube required in order to
10
heat the water at 80

and heat transler coeffi{rir:nt are constant. The
radiationeffectsarn

(C.= 4180Jlkg"C)

intemal iiaineter tube of a double-pipe counter-flow
heat exchanger at 17 'C at araie of 3 k^gA'^It is
heated by st&m condensing at !20 'C (hlg: 22Y)
kJikg) in the shell. If the oveiall heat transfer cqeffi-

ie

is

Water

tir"?'of the heat-ex"hung"t is 1500 Wm2oC,

st

'

twe to 40^oC, assuming the cori'yeetioncoefficicnt is
20 W./m'K for both sihroiions ? V/lrat is thc pcrcentage rcductir:n in heat rate a*lr.ieved by using the

5+5

and(ii)parallelflow-.

ft\

{b) 'Ihe

Derive expressions for effectiveness by NTU
nrethod foi the following- cases : (i) Counter flow

ud
y.
co
m

Explain.

Mob 9495951100

Group C

9.

Answer/explainthefollowinginbrief:

(i)

1Ax2

Show that the energy of an isolated system is
constant.

(i,)

Explain why PMM-I is not possible.

(rr0, Write two 77s equations.

(iu) l)efine compression ratio and cut-off ratio for the
IC engine.

(Ctstztinued)
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satura.tsel ;rir

fiir

,furv pr:'iut d*prus-

Ilefinc emissivity aird absoqptr viry
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(r'ii) \lrhat is the effect of surfar:e ioil4hfiess oii {he
fi"iciiern clrag c*efficienl. in laminar anci turl:uler:"t
{lorax ?

("*iii) What is tirc rcli* of irafiles in;l

shsll-arri.1-tube trreat

exciranger ? [{nr,v does the prt:rienoe uf ba{t]es
affuct the heat transfer and the pumping power
requiren'i gnts ? Explain.

(,x.)
' i{orv does triini boiiing differ f,ram nur}*ate
bortingt

Slhat does a *qolid angle r*present, md irolv et*es
it e{iIfer ticm epXane angle ? What is ihr vaius $f
*. srrlid anglu; associated wtth a sphere ?

w

w

w

.a
m

ie

st
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S'15: 6 AN: MC 405(1498)

THERMAL SCIENCE ~"'lD ENGINEERING

nme : Three hours
Maximum Marks : 100
Answer FIVE questions, taking ANYTWofrom Group A,
ANY TWO jrom Group Band ALL·from Group c.
All parts ofa question ( a, b, etc. ) should be
answered at one place.
Answer should be briefand to-the-point and be supplemented with neat sketclies. Unnecessary long answer may
result in loss ofmarks.
Any missing or wrong data may_ be assumed suitably
giving proper jstification.
Figures on the right-hand side margin indicate full marks.

Group A
1. · (a) Explainthefirstlawofthermodynamicsasreferred
to a closed systems undergoing a cyclic change.
4
(b) Prove that the rate of heat interchange per unit
change of volume, when gas is compressed or
expand, is given by

y-n

--xpdv
y-1

6

(c) 3 kg of air at 1.5 bar pressure and 77 °C temperature corresponding to state 1 is compressed
polytropically to state 2 at a pressure of7.5 bar,
index ofcompression being 1.2. It is then cooled at
a constant temperature to its original state 1. Find
the work done and heat transferred.
1O
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tmbinewitha velocity of50m/s and leaves the nozzle
at 600 °C. Air leaves the turbine enters a nozzle at
60 m/s and leaves the nozzle at 500 °C. For unit
mass flow rate of air, determine the following
· assuming adiabatic expansion in turbine and nozzle:
3+3+4
(1) Heat transfer to air in heat exchanger.

2. (a) Define process, cycle, point function and path
function

4X

}

(b) State the 7.el"Oth law ofthennodynamics. How the
mercury in the thermometer able to find the
temperature ofa body using 7.el"Oth l~w ofthennodynamics?
6

·(ii) Power output from turbine.

(c) A gas at 65 kPa and 200 °C is heated in a closed

rigid vessel till it reaches to 400 °C. Detennine the
amount of heat required for 0.5 kg of this gas, if
internal energy at 200 °C and 400 °C are 26.6
kJ/kg and 37.8 kJ/k.g, respectiveJy.
10

(iii) Velocity at the exit ofthe nozzle.

Take Cp forairas 1.005kJ/kg-K._.

3. (a) Describe limitations ofthe~ law ofthermodyna- .
mics giving examples.

Group B
3

(b) Prove that the Kelvin-Plank and Clausi.us statements
appear to be different but are the same.
7

5. (a) What are the Fourier and Biot numbers? What is
8
the physical significance ofthese nwnbers?
(b)

a

(c) A heat pump works on reversed Carnot cycle takes

in energy from a reservoir maintained at 3 °C and
delivers itto anotb.erreservoirw.here temperature is
77 °C. The heat pump drives power for its operation from a reversible engine·operating within the
higher and lower temperatures limits of 1077 °C
and 77 °C . For 100 kJ/s of energy supplied to the
reservoir at 77 °C, estimate the energy taken :f;rom
the reservoir at 1077 °C.
10

4. (a) Derive an expression for the efficiency ofaRankine
cycle.

(b) Explain the working of open and closed gas turbine
5
cycle with the help ofa neat sketch.

heat exchanger up to 750 °C from ambient
temperature of 27 °C. Hot air then enters the gas

(1) Time required to cool the sphere from 550 oC
to 90 °C.
(ii) Instantaneous heat transfer rate 2 min after the

start?fcooling.
(iii) Total energy transferred from the sphere during

5

(c) In a gas turbine installation, air is heated inside a

A 15 mm diameter mild steel sphere (k = 42
W/m °G) is exposed to ·cooling air flow at 20 oC
resulting in convective heat transfer coefficient h =
120 W/m2 °C. Detennine the following:
3x4

the first 2 lllllL
For mild steel, take p= 7850 ke/m3, c =415 J/kg °C
and a = 0.045 m2 /h.

6. (a) Prove that the heat conduction through a composite
10
cylinder is given by
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L
,,_, llk. log (1<a+I) / r,,)

6

(c) Define the following:

(b) An insulated steam pipe, having outside diameter of
30 mm. is covered with two layers ofinsulation. each
having thickness of 20 mm. The thermal conductivity of one material is five times that of other.
Asswning the inner and outer surface temperatures
ofcomposite insulation are fixed, how much will heat
transfer be increased when better insulation material
is next to the pipe than it is outer layer?.
10

7. (a) Howaretheheatexchangersclassified?

4

(b) Derive an expression for LMfD for a parallel flow

heat exchanger.

Ai and falling on another black

by a black body
body~.

21t[. (t
l(a+I))
1 -_
Q =-,,___
.;..._
__.__

·

6

(c) Oil (c,_~ 3.6 kJ/kg °C) at 1000 °C flows at a rate
of 30,uuu kg/hand enters into a pamllel flow heat
exchanger, cooling water (cl!.: 4.2 kJ/kg °C)
enters the heat exchanger at 10 "l.; flows at a rate of
50,000 kg/h. The heat transfer area is 11 m2 and
U= 1000 W/m.2 °C. Calculate the following: 5 + 5

(z) Hydrodynamic boundary layer
(i1) Thermal boundary layer

(iii) Laminarflow
(iv) Turbulentflow

Group C
9. Choose the correct answer for the following :
(i)

(ii) Maximum possible outlet temperature of

water.

20 x 1

Conduction through flat composite wall is given by
(a)

Q- (XilJGA)+(~1/~~)+(~l~A)

w Q=
(c) Q =

(z) Outer temperature ofoil and water.

4x2

~-~
.
(k.,A / X1)+(kiAI X2)+(k3A / X3)
(11 -t4)A
(k1 I x1)+(k2 / x2 )+(k3 I x3 )

(d) Q= (k1Alx1 )+(k2 Alx2 )+(k3 Alx3 )

Ct1 -14)

8. (a) Definethefollowinglawsofradiation:

3x2

(,) Plank's distn'bution law

(ii) Kirchhoff's law

where Q is the heat transfer; 11 and 14, the inside and
outside temperature ofcomposite wall; x1, x2 , x3 ,
the-thicknesses; k1,k2 ,k3 •. thethennalconductivities; and A, the area of heat flow.
(iz) Heat conduction in gases is due to

(iil) Wien's displacement law

(b) Derive an expression for the radiant energy emitted

(a) electromagneticwaves.
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(b) motionofelectrons.
(c) ·mixingmotionofdifferentla~ofthegas.

··

(v1) In transient heat conduction, two significant dimensionless parameters are ........... number and .......... .

mmbet

(d) elastic impact ofmolecules.

(iiz) The overall coefficient ofheat transfer is.used in the

(a) Fourier, Reynolds

(b) Reynolds, Prandtl

(c) Biot,Fourier

(d') Reynolds, Biot

problemsof
(a) radiation.

(vii) By which-one of the following modes of heat
transfer is mainly transferred from an insulated pipe
to the surrounding still air?

(b) conduction.
(c) convection.

(d) conductioriandconvecti.on.
(iv) The amount of heat flow through a body by

conduction is
(a) dependent upon the material ofthe body.
(b) directly proportional to the surface area of

body.

.

•

(c) directly proportional to the temperatur-e
difference on tw9 faces ofthe body."
(d) inversely proportional to the thickness of

the body.

(b) Free convection

(c) Forced convection

(d) Conduction

(viii) The wavelength for maximum emissive power is

givenby
(a) Kircbhoff'slaw.

(b) Stefan Boltzmann's law.
(c) Fourier's law.

(d) Wien'slaw.

(u) For a perfectly black body,

(e) All the three above.
(v) For spheres, the critical thickness ofinsulati9n is
given by
(a) h/2k

(a) Radiation

(a) a.= 1, p = 0,

't = 0

(b) a=-r=O, p=l
(c) a= p = 0, -r = 1

(b) 2klh

(c) h I k
(d) k 121th
where k is the thermal conductivify and h, the

(d) None ofthe three above.

convective heat transfer coefficient.

where a is the absorptivity; p, the reflectivity and
-r, the transmissivity.

'15: 6 AN: MC405(1498)

( 6 )

( Conti'!ued)

Contact us for Online Classes & Study Materials

Jyothis Academy

www.amieindia.in

(x)

Mob 9495951100

Why are fins provided on heat transferring surface?

(d) their K.E. is converted into P.E.

(a) To increase temperature gradient

(e} Only (a} and (b} are correct.

(b) To increase heat transfer coefficient

</) All three (a), (b) and (d) are correct.
(xiv) An ideal gas is made to change its state from A
to B via two alternative routes.

(c) To increase heat transfer area

(d) All the three above.
(I} First an isobaric expansion followed by

isochoric pressure reduction.

(xi) Any change from one state to another is called a
(a) path.

(b) cycle.

(c) reversible change.

(d) None of three

(II) First an isochoric pressure drop and then
constant pressure heating.
Therefore,

above.
(a}

(xii) The most fitting option for a closed system
(b}

(a) hasafixedmass.

(c)

(b) does not permit heat or mass transfer across

(d)

its boundaries.
(c) does permit mass transfer.

P

W. =Wn
W. >Wu
W. <Wu
W. =2Wn

A

B

p

A

(d) does permit heat transfer but not mass

transfer.

II

(e) Both(a)and(b)arecorrect.

(xiii) The pressure exerted by a gas in a vessel is due to

(a) molecules striking the vessel wall.
(b) change in momentum of gas molecules

after collision with vessel walls.
(c) change in K.E. of the gas molecules upon

collision.

~c
V

V

(xv) A gas is enclosed in a cylinder by a piston. Work
output will,be avail!11>le from the system, ifthere is

~o energy interaction, only at the expanse of the
internal energy and that process will be
(a) isobaric.
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THERMAL SCIENCE AND ENGINEERING

Time : Three hours
Maximum Marks : 100
Answer FIVE questions, taking ANY TWO from Gr011p A,
ANYTWOJrom Group Band ALL from Group C.
All parts of a question ( a, b, etc. ) should be
answered at one place.
Answer should be briefand to-the-point and be supplemented with neat sketches. Unnecessary long answer may
result in loss ofmarks.
Any missing or wrong data may be assumed suitably
giving proper justification.

Figures on the right-hand side margin indicate fall marks.
Group A
1. (a) State the first lawofthennodynamics for a closed
system undergoing a cycle. Show that the energy is
a property of a system.
6
(b) Define heat engine, refrigerator and heat pump.

4

(c) What is the zeroth law of thennodynamics ?
Explain . Show that it is the basis of temperature
measurement.
4
(d) Air enters a compressor operating at steady state at
a pressure of l bar, a temperature of290 K. and a
velocity of 6 m/s through an inlet with an area of
0.1 m2.Atexit, the pressure is 7 bar, the temperature is 450 Kand the velocity is 2 m/s. Heat transfer from the compressor to the surroundings occurs
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at the rate of 1RO kJ/min. Employing the ideal gas
model, calculate the power input to the compressor.
Take CP-= 1.005 kJ/k.g-K.
6

2.

in Rankine cycle ? Draw a schematic of a simple
steam power plant and plot the cycle on p - v and
T - s diagrams.
6

(a) Write the Kelvin-P1anck and Clausius statements of

the second law of thermodynamics and prove their
equivalence.
8

(c) Write a note on Clape)TOn equation.

4.

low grade energy, and available energy and
unavailable energy.
(ii) Calculate the decrease in energy when 25 kg

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. (CP of water""' 4.2 kJ/kg~K.)
8

(b) Define second-law efficiency.An adiabatic compre-

ssor receives air at 100 kPa and 300 Kand
discharges it at 1 MPa and 620 K. The ambienttemperature is 300 K. Determine the second law
4
efficiency ofthe compressor.

4

3. (a) fnternal energy ofa pure substance can be expressed
as a function of any two of the independent

(c) Draw the air-standard Brayton cycle on p-v

variables P, v and T. Therefore, a knowledge of
the partial derivative ofintemal energy with respa~t
to these variables enables one to estimate the change
in internal energy. Derive the following partial
derivatives ofinternal energy :
I0
(z)

(ou/oT). := cp -Tu p2 !k

(it)

(au/aP). ==(Cpk!P)-T u (}

(iii)

(ou/aP)r ::Pu k-T u ~ -u(~ -TB)

(iv)

(au/ov)T

=T ~/k-P

(b) Why is Camot cyclt not practicable for a steam

power plant? How are these difficulties overrome

(a) What is an air standard cycle and why are these

conceived? An engine working on the Otto cycle is
supplied with air at 0.1 MPa, 35 °C. The compression ratio is 8. Heat supplied is 2100 kJ/kg. Calculate the maximum pressure and temperature ofthe
cycle, cycle efficiency, and mean effective pressure.
For air, CP = 1.005 kJ/kg-K; C.= 0.718 kJ/kg-K;
6
R =0.287 kJ/kg-K.

(b) (i) Differentiate between high grade energy and

(c) Establish the inequality of Clausius.

4

diagram and name the processes. What will
happen if the direction of the cycle is reversed ? 4
(d) When do DBT, WBT and OPT become equal ?
Explain the adiabatic saturation process. Why does

the enthalpy of an air-vapour mixture remain
6
constant during this process?
Group B

s.

(a) Analuminiumplate

(k = 160W/mK, p = 2790
kg/m1,CP : : ; 0.88 k.T/kg~K) of thickness L = 3 cm
and at a uniform temperature of T0 = 225 "C is
suddenly immersed at time t ::e: 0 in a well - stirred
fluid maintained at a constant temperature
T,., == 25 °C. The heat transfer coefficient between
the plate and the fluid is h =320W/m 2 -K.
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average skin friction coefficient,

Determine the time required for the center of the
plate to reach 50 °c. Derive the formulae used. I 0

the electrical analogy for solving heat transfer
2
problems.
(iz) Differentiate between conductivity and conduc2
tance. What are their units?

7. (a) Discuss various regimes in pool boiling curve for
water.
6
(b) Distinguish between LMID and NTIJ approach for
heat exchanger analysis. An oil cooler for a large

4

diesel engine is to cool engine oil from 60 °C to
45 "C, using seawater at an inlet temperature of
20 <1C with a temperature rise of 15 °C. Toe design
heat load is Q = 140 kW and the mean overall heat
transfet coefficient based on the outer surface area
ofthe tubes is 70 W/m2-K. Calculate the heat transfer area for single-,pass (i) counter flow and
(ii) parallel flow arrangements.
8

6. (a) (1) Define Grashof number and explain i~ significance in free convection heat transfer.
{h) Define Colburn analogy.

(ih) Write the general fomt ofequation for free con-

vectionheat transfer.
(iv) Draw velocity distribution in hydrodyna-

mic boundary layer and temperature distribution in themml bowidary layer.
( v) Distinguish between Biot number and Prandtl

number.

5x2

(b) Air at 20 °C flows over a thin plate with a velocity of

3 m/s. The plate is 2 m long and l m wide. Estimate
the boundary layer thickness at the trailmg edge and
the total drag force experienced by the plate. Take
the physical properties of air at 20 °C. p =
I. 17 kg/m3 , u =15 x I o~ m_2/s and the bound-

6

(c) (1) What is meant by thennalresistance? Explain

(c) Describe the graphical method ofdealing with two-

dimensional heat conduction problem. .

C 1~ == 2 C fr =

l.2921../Re:-

(b) The temperature of the air stream ih a tube is

measured with the help ofa thennometerplaced into
a protective well filled with oil. Thethennometerwell
is made of a steel tube (k= 55.8 W/mK), 120 mm
long and l .S mm thick. The surface heat transfer
coefficient from air to the protective well is 23.3
W/m2 Kand the temperature recorded by thethermometer is 84 °C, Estimate the measurement error,
if the temperature at the base of the well is 40 °C. 6

Mob 9495951100

(c) State and prove the Kirchho:trs law of mdiaton.

8.

6

(a) Prove that, for a diffuse surface, the total emissive

power is equal to ,r-timestheintensity ofradiation. 6
(b) (i) What are radiation shape factors and why are

they used?

2

(ii) Distinguish between spec11lar and diffuse

surfaces, and absorptivity and emissivity of
2+2

surmce.

(iil) Explain Wien.displacement law.

2

ary layertbickness at any point as o~ 4.64 x/ ~Re.r ,
_,,. ••. ,A,._, ..... r,uH. n498)
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S'14: 6 AN: MC 405 (1498}
THERMAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum Marks : J00
Answer FIVE questions, taking ANY TWO from Group A,
ANYTWOjrom Group Band ALL from Group C.
All parts ofa question ( a, b, etc. ) should be
answered at one place.
Answer should be briefand to-the-point and be supplemented with neat sketclies. Unnecessary long answer may
result in loss ofmarks.
Any missing or wrong data may be assumed suitably
giving proper justification.
Figures on the right-hand side margin indicate fall marks.
GroupA

1. (a) Define a thermodynamic system. Explain its
different types.
6
(b) What do you understand by the property of a
system ? Distinguish between extensive and
intensive properties of a system.
6

(c) A system contains 0.15 m 3 ofa gas at a pressure of
3.8 bar and 150 °C. It is expanded adiabatically
till the pressure falls to 1 bar. The gas is then
expanded at a constant pressure till its enthalpy
increases by 70 kJ. Determine the total work
done. Take CP = l kJ/kg Kand Cv= 0.714
8
kJ /kg.K.

2. (a) State the first law of thermodynamics and prove
that, for a non-flow process, it leads to the energy
6
equation Q = llU +W.
( Turn Over)
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(b) With the help of a neat sketch and p-H diagram,

explain the working of simple vapour compression
refrigeration cycle.
5

(b) For isothermal flow and non-flow steady processes,

prove that

2

2

I

I

JP. dv=- Jv. cp.

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

Also, state the assumptions made.

6

(c) 12 kg of air/min is delivered by a centrifugal
compressor. The inlet and outlet conditions of air
are cl = 12 m/s, Pi = l bar, f'i =0.5 m3and c2
= 90 m/s, Pi =8 bar, ~ =0.14 m 3• The increase

in enthalpy of air passing through compressor is
150 kJ / kg and heat loss to the surrounding is
700 kJ / min. Find (i) motor power required to
derive the compressor, and (ii) ratio of inlet and
outlet diameter.As&une that inlet and discharge lines 8
are at the same level.
3. (a) Define heat engine, refrigerator and heat pump.
(b) Prove that the Clausius inequality is given by
oQ IT ~ 0. For a reversible cycle, cj oQ IT = O
6
and for irreversible cycle, oQ IT< 0.

4

9

(c) Source 1 cansupplytheenergyatarateof12000

kJ/min at 320 °C. A second source 2 can supply
the energy at a rate of 1,20,000 kJ/min at 70 °C .
Which source (1 or 2) would you choose to
supply energy to an ideal reversible engine that
produces large amount of power, if the tempera- 8
ture ofthe sunounding is 35 °C ?
3x3
4. (a) ProvethefollowingTdSequations:
(i)

TdS=C.dT+(TPI K)dv

(ii)

TdS =CvdT-Tpvdp

(iii) TdS =; K.dp +

~~ dv

cycle with thefollowing data: Maximum temperature = 1500 K , exhaust t e r n ~ = 700 K ,
an1:hient condition = 1 bar ana 300 K. Compare
the compression ratio, maximum pressures and
efficiency of two engines. · .
6
GroupB ·

5. (a) Anexteriorwallofahousemaybeapproximated
by0.1 mlayerofcommonbrick(k=0.7W /m°C)
followed by a0.04mof gypsumplaster(k= 0.48
W/m °C. What thickness ofloosing packed rock
wool insulation (k = 0.065 W / m °C) should be
added to reduce the heat loss or gain through the
wallby80%?
8
(b) Derive the relation between efficiency of fin and
effectiveness offin when end ofthe finis insulated. 6

(c) Prove that, for unsteady state~ the instantaneous
heat flow and total heat flow rate is given by
·B,Fo
Q --hA.
I -

~(ti-to)e

6
6. (a) Derivethe~ssionsfor~ ~thickness
and local skin friction coefficient, following the
Blasius method ofsolving boundaiy layer equations
for flat plate. . .
8

(h) Air at•30°Cand atmospheric ~ssure flows at a
velocity of 2.2 m/s over a plate maintained at 90°C 1
the length and width of p_lat'e are 900 mm ana
450 mm, respectively: Using exact solution,
calculate the heat transfer rate fiom (,) first halfof
the plate, (ii) full plate, and (iii) next half of the
plate. The properties of air atmean temperature
60°Care:
·
S'l4: 6 AN: MC 40S (1498)
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p=l.06kglm\µ=l8.97 x l06 m2 /s,Pr=0.696,
K = 0.02894 W/M °C.
12

7. (a) DeriveanexpressionfortheLMIDofcounterflow
heat exchange~
8
(b) Oil

of 30,000 kg/ hr and enters into a parallel flow heat
exchanger~ Cooling water {CP = 4.2 kJ I kg °C)
enters the heat exchanger at 10 °C at a rate of
50,000 kg/ hr. The heat transfer area is _100 m2 and
U = l 00 W/m °C. Calculate the following:
6+6
(i) . Outlet temperatures of oil and water.
(ii) ·Maximum possible outlet temperature of

water.

8. (a) State and prove the Kirchhoff's low ofradiation. 6

power is equal to 1r -times the intensity ofradiation. 6
(c) Derive an expression for the configuration factor 8
= _!_
A

J J(cos01CO.s82dA1dA2)

IA1

A2

7r7

2

Group C
9. Choose the correct answer for the following :
_(1) An isentropic process is always
(a) irreversible and adiabatic.
(b) reversible and isothermal.
(c) frictionless and irreversible.
(d) reversible and adiabatic.
(e) None of the three above.

20

(b) pressure does not change.
( c) entropy does not change.

X

(e) volume change is negligible.

(iiz) The processes of Carnot cycle, R,
(a) two adiabatic and two constant volume.
(b) one constant volume, one constant pressure
and two isentropic.
(c) two adiabatic and two isentropic.
(dJ two constant volume and two isothermal.
(e) two isothermal and two isentropic.
(iv) If the temperature of the source is increased, the

(b) Prove that, for a diffuse surface, the total emissive

2-1

(ii) During a throttling process,
(a) internal energy does not change.

(d) enthalpy does not change.

(cp =3.6 kJ/kg °C)atlOO °C flowsatarate

F.

Mob 9495951100

1

efficiency of Carnot cycle
(a) decreases.
(b) increases.
(c) doesnot change.
(d) will be equal to the efficiency ofthe practical
engine.
{ e) depends on other factors.
(v) Helmholtz function is expressed as
(a) (u- Ts)
(b) (h- Ts)
(c) (- sdT + vdp)
(d) (u + pv)

(vz) The specific heat at a constant pressure (C) is given
by
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Cr=T(ouloT)P
cp =T(ar1au)r
(c) cp = T(ovl ar)p

(a)
(b)

(vii) A cycle consisting oftwo constant volume and two
isothermal processes is known as
(a) Carnot cycle.
( b) Joule cycle.
(c) Dieselcycle.
(d) Sterling cycle.

(viii) For the same compression ratio the efficiency of
diesel cycle is --Otto cycles.
( a) greater than
(b) lessthan
(c) equalto
(ix) The efficiencyofdiesel cycle approaches to Otto

cycleefficiencywhen

.

(a) cut- offis increased.
(b) cut-offisdecreased. ·

Mob 9495951100

(a)
(b)
(c)
(d)

Q=KA(dt!dx)
Q=-KA(dtl dx)
Q= KA{dxldt)
Q=-KA(dx!dt)

(xii) Stefan Boltzmann's law is expressed as
(a) Q=uAT 4 •

(b) Q=uA 2T 4 •
(c) Q=uAT 2
(d) Q=AT 4

(xiii) ~ompared to parallel flow heat exchanger, LMTD,
m case of counter flow heat exchanger, is
(a) lower.
(b) higher.
(c) small.
(d) unpredictable.
(xiv) 'The ratio ofemissive power and absorptive power

an Otto cycle is given

of all bodies are the same and is equal to the
emissive power of a perfectly black body'. This
statement is known as
(a) Planck's law.
(b) Stefan's law.
(c) Kirchho:ff's law.
(d) Black body law.

(x,) The Fourier's law ofheat transfer by conpuction is

(xv)--is the ratio of the energy absorbed by the
body to total energy falling on it
(a) Emissivity
(b) Emissivepower
(c) Absorptive power
(d) Absorptive

(c) cut-off is zero.
(d) cut-offis constant.
(x) The air standard efficiency of

by
(a)

l

l-{llr'-1

(b) 1 +(11rr-1
(c) 1 - rr-•

(d) 1 + r r-1

expressed as
8'14: 6 AN: MC 405 (1498)
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.W'13: 6 AN: MC 405 (1498}

THERMAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum Marks : 1iJO
Answer FIVE questions, taking ANYTWOfrom Group A,
ANY TWO from Group B and ALL from Group C.
All parts ofa question ( a, b, etc. ) should be
answered at one place.
Answer should be briefand 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.
Figur~s

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 oftemperature measurement

4

(b) What do you understand bypath function and point
function? What are exact alld inexact differential ?

4

(c) How does steady flow energy equation related to
Euler's equation and Bernoulli's equation?

4

(d) State the first law ofthermodynamics. In a gas turbine,
the gas enters at the rate of 5 kg/s with a velocity of
50 rn!s and enthalpy of 900 kJ/kg and leaves the
turbine with a velocity of 150 rn!s and enthalpy of
· 400 kJ/kg~ The loss of heat from the gases to the
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surromidings is 25 kJ/kg. Assume for gas R =
0.285 kJ/kg-Kand CP = 1.004kJ/kg-K and the inlet
conditions to be at 100 kPa and 27 °C. Determine
the power output ofthe turbine and the diameter of
8
the inlet pipe.

2. (a) ·Write the Kelvin-Planck and Clausius statements of
the second law of thermodynamics. Prove that they
mean the same.
6

(b) What is the qualitative difference between heat and
work ? Define thermal efficiency of a heat engine
4
cycle. Can this be 100%.

(c) A heat engine operates between a source of 600 °C
and a sink of20 °C. Determine the least rate of heat
rejection perkW net output of the engine.
(d) A fluid undergoes a reversible adiabatic compression
from 0.5 MPa, 0.2 m 3 to 0.05 m 3 according to the
law pvu =constant. Determine the change in·enthalpy,
internal energy and entropy and the heat transfer and
work transfer during the process.

Mob 9495951100

4. ·(a) Why is Camot 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.
4
(b) What is an air-standard cycle? Why are these con-

ceived? What is compression ignition engine? Why
is the compression ratio here is more than that of an
SI engine? State four processes of diesel cycle.
6

(c) 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 offourtemperatures.

6

(d) What is psychrometries ? What is an adiabatic
saturation process ?

4

4

Group B

5. (a) In a cvlindrical fuel rod of a nuclear reactor. the

6

q = q,

3. (a) Define the second law efficiency. How is it different
from the first law efficiency in case of a simple power
plant?
4

(b) Calculate tije decrease in available energy when

25 kg of water at 95 oc is mixed with 35 kg ofwater
at 35 °C, the pressure being taken as constant and the
temperature of the surroundings being 15 °C. (Cpof
6
water= 4.2 kJ/kg-K).

(c) Write the Maxwell's equations and fitst and ·second
4

T-ds equations.
(d) Explain 'Absolute Thermodynamic Temperature
Scale'.

n

interruil heat generation is given by

[I -(:,

-

where q0 is a constant and r 0 =outer radius. Calculate the temperature drop from the centre line to the
surface of a 2.5 em outer diameter rod having a thermal conductivity of 20 W/mK, if the rate of heat
removalis2.5 MW/m2•

8

(b) What is critical thickness of insulation on a small
diameter wire or pipe ? Explain physical significance
and derive the expression.

(c) The temperature of the air stream in a tube is measured with the help of a thermometer placed in a

6
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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 Wim2 K
and the temperature recorded by the thermometer is
84 °C. Estimate the measurement error, if the temperature at the base. of the well is 40 °C. Explain the
theory behind the solution.
6
1.
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· Assume: Transition occurs at Rec = 2 x 105 •
Physical properties of air at 3 00 K= ( Tw + Too )/2 are :
k= 0.026 W/mK; Pr = 0.708; u = 16.8 x 10-6 m 2/s.
The relations for portion (i) and (ii) of question are as
follows:

h. =

0.664(:, ) P,'n Re:n

(a) Derive the following equation for a small metal casting

being quenched in a bath after removing it from a hot
surface.

T = (T, -

(region where boundary is laminar).

T~) exp {- ~~} + T~

z,.,

- o

"m -

o1~> (~I
£)

v."~"~

p043

~

r

rL"R

po.6 -

~~~L

a'Joo l
_,_vv

J

(over the entire length).
where T = initial temperature ; Too = environmental
temperahrre ; t = time ; h = convective heat transfer
coefficient ; A = surface area ; p = density of solid
(casting ) ; C = specific heat of solid (casting) ; and
V =volume. State the important assumption/condition
for derivation.
6
(b) What is (i) Sieder and Tate, and (ii) Dittus-Boelter
equations ? Where and when are these applied ?
4

Too = 275 Kanda free-stream
= 20 m/s flows over a flat plate L = 1.5 m

(c) Atmospheric air at

velocity U 00
long that is maintained at a uniform temperature of
Tw=325 K.

(d) Write a note on 'thermally and hydrodynamically fully

developed flow through a pipe. Defme Prandtl number
3+3
and explain its significance.
7. (a) Define radiation intensity. Prove that the intensity of
radiation is given by Ib = Eb I 1t.
6
(b) State arid explain Kirchhoff's law. What are the condi-

tions under which it is applicable ?

(z) Calculate the radiation emitted into a solid angle
subtended by 0 ~ ¢ ~ 21t and 0 ~ 8 ~ 1tl6.
(iz) What is the fraction ofenergy emitted into the above

(iz) Find the average heat transfer coefficient over

(d) Explainthemeaningoftheterm 'viewfactor'. State

solid angle of that emitted into the entire hemispherical space ?
6
and explain the reciprocity relation.

(iii) Calculate the total heat transfer rate, Q, from the
plate to the air over the length L = 1.5 and width
w=l m.

4

(c) A surface with A = 2 cm2 emits radiation as a black
body at T= 1000 K.

(z) Calculate the average heat transfer coefficient, h ,
over the region where the boundary layer rs
laminar.

the entire length L = 1.5 m of the plate.

4

8. (a) Engine oil is to be cooled from 60 °C to 45 °C using
seawater at inlet temperature of 20 °C with a temperature rise of 15 °C. The design heat load is

Contact us for Online Classes & Study Materials

4

Jyothis Academy

www.amieindia.in

Q = 140. k W and the mean overall heat transfer coefficient based on the outer surface area of the tubes
is 70 W/m2K. Calculate the heat transfer area for
single-pass (i) counterflow, arid (ii) parallel
flow arrangements.

·Group C

9. Answer the following in brief:
6

(b) Distinguish between filmwise and dropwise conden-

sation. Which of the two gives a higher heat transfer
coefficient ? Why?

2

(c) Disc~ss the various regimes in boiling heat transfer.

Why ts.the heat transfer coefficient in nucleate boiling
6
10-20 times greater than in film boiling.
(d) AcounterflowheatexchangerofareaA= 12.5m2 is
to cool [Cph = 2000 J/kgs] oil with water [C ~ =
4170 J/kg-s]. The oil enters at T
= 100 oc and
•
bin
mh = 2 kg/s, whtle the water enters at T C· = 20 oc
and me= 0.48 kg/s. The overall heat transter coefficient is U, = 400 W/m 2-K. Calculate the exit
temperature of water, Tc , and the total heat transfer 6
rate Q. Use the following'graph for solution.
Hot fluid (mc,)11

!!

C,.

Cold nuid (me,),

"c,

I-- Cm'IIIIC,.u

o v

,_

~~

(iiz) What is the property introduced by the first law of
thermodynamics ? Why should specific heat not be
defined in terms ofheat transfer?
( iv) Explain Clausius inequality.

( v) How does the subjectofthennodynamics differ from
the concept ofheat transfer? Define thermodynamic
property.
(vi) What is thennal diffusivity? Explain its importance in

heat conduction problems.
(vii) W-hat is meant by 'thermai resistance'? Expiain the

electrical analogy for solving heat transfer problems.
(viii) Explain the meaning_ofReynolds analogy. Describe

(x) Define Grashofnumber and explain its significance in

. /.f;.:gjg [....-I p
~~vi:~~ v

80

K 60

-

(iz) What is the higher and lower grade energy ?

cal analysis of two-dimensional heat conduction
probiems.

'SU1'f3.C.C.

-

Give the criteria of reversibility, irreversibility and
impossibility ofa thennodynamic cycle.

(ix) Define the term 'shape factor' related to the graphi-

Ht:3t transfer

100

(z)

free convection heat transfer.

Pi

M~

..;

WI
20

0

10

the relation between tluid friction and heat transfer.

~

(
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ff '---1/
0

Effectiveness for a counterflow heat exchanger.
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THERMAL SCIENCE AND ENGINEERING

Tzme : Three hours
Maximum Marks : 100
Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group Band ALL from Group C.
All parts of a question (a, b, etc. ) should be
answered at one place.
Answer should be briefand 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) Explain the difference between energy in transit
and energy in storage. What is the energy per unit
mass for a (i) non-flow system, and (ii) flow
system?

6

(b) A mass of8 kg expands within a flexible container so that the p-v relationship is of the form
pvt.2 =constant. The initial pressure is 1000 kPa
and the initial volume is 1m3• 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.

6
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(c) Show that isothermal dissipation of work is
irreversible.

(c) At the inlet to a pipeline, the condition of steam is
p = 4MPa, t = 400 oc, h = 3213.6 kJ/kg and
v = 0.073 m 3/kg. At the discharge end the
conditions are found to be p =3.5 MPa,
t = 390 oc, h = 3202.6 kJ/kg, and v = 0.084
m 3/kg. If there is a heat loss of 8.5 kJ/ kg from
the pipeline, calculate the steam flow rate.

8

2. (a) What is a reversible process ? How is a reversible process only a limiting process, never to be
attained in practice ?

5

(b) Establish the equivalence of Kelvin-Planck and
Clausius statements.

5

6

st~am power plant? J?raw and explain the cycle
wtth the help of flow and T- s diagrams.

4

(b) What is an air stand cycle? Why are such cycles
conceived?

2

(c) Show that the efficiency of the Otto cycle depends only on the compression ratio.

(d) How is the entropy change of a reversible

process estimated? Will it be different from an
irreversible process between the same end
states?

(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 oc to 790 oc
between two sections in the pipe. Neglecting
pressure losses, calculate the rate of energy
degradation due to this heat loss. Take T 0 =
300 K and CP = 1.1 kJ/kgK. For the same ternperature drop of 10 oc, when the gas cools from
80 oc to 70 oc due to heat loss, what is the rate
of energy degradation ? Take the same values of
T0 and C . What is the inference you can draw
from this &xample?
10

4. (a) What is the reversible cycle that represents the

(c) A heat pump provides 3 x 104 kJ/h to maintain

a dwelling at 23 oc on a day when the outside
temperature is 0 oc. The power input to the heat
pump is 4 kW. Determine the COP of the heat
pump and compare it with the COP of a reversible heat pump operating between the reservoirs
at the same two temperatures.

4

4

3. (a) Why is an isentropic process not necessarily an

4

(d) In a gas turbine plant working on the Brayton
rtcle, the air at the inlet is at 27 oc, 0.1 MPa.
he pressure ratio is 6.25 and the maximum
temperature is 800 oc. The turbine and compressor efficiencies are each 80 %. Find the

2

adiabatic process ?

(i) compressor work per kg air;

(b) Show that the maximum work obtainable from a
finite body at temperature T and a TER at T0 is
givenby

(ii) turbine work per kg air ;
(iii) heat supplied per kg air ;

W(max) =CP[(T-T0 )-T0 ln(T/T0 )]
where cp is the heat capacity of the body.

(iv) cycle efficiency; and

4

(v) turbine exhaust gas temperature.
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GroupB

5. (a) 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.

3

(b) 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?

3

(c) Discuss the criteria of selection of fins. What is
the difference between the fin-effectiveness and
fin efficiency?
(d) 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----.l .__ ··-- -~-L._ .c;
__ - - - L 11:£\ - - 1 - - - --.l
pV:St;U lV U:S_t;
llll:S, t;i:l\,;11 ·1 JV 111111
i:111U
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
WI mK and the heat transfer coefficient is 0.04
kWim 2 K. Calculate the heights of the fins
required.
t;l~lll

4

4

(d) It was found during a test in which water flowed
with a velocity of2.44 rnls through a tube ( 2.54
em inner diameter and 6.09 m long) that the head
loss due to friction was 1.27 m ofwater. Estimate the surface heat transfer coefficient based
on Reynolds analogy. Take p = 998 kg 1m3 and
= 4.187 kJ/kgK.
p

7

7. (a) Lubricating oil (p

= 865 kg 1m3, k = 0.14
W lmK, Cp = 1. 79 kJ/kgK and u = 9 x 10-6 m 21s)
at 60 oc enters a 1 em diameter tube with a velocity of3 .5 m/s while the tube wall is maintained
---~•--• -• 'll\
'-UU>:>I.<UU i:1L JU

or<

r"-1-•• 1-•- ..t.._ .... t..- 1---+1.. - - -.. ~
'-'• '-'i:1l\,UJi:1Lt; UJt; LUUt; Jt;U0 LHlt;lfUJ-

red to cool the oil to 45
equation to find h.

10

oc. Use Dittus-Boelter
10

(b) With the help ofBuckingham n -theorem, show
that for natural convection heat transfer

=

6. (a) What is the lumped system analysis for transient
(h) A solid copper ball of 100 mm diameter and
p = 8954 kg/m3, C = 383 JlkgK, k = 386
W lmK is at a unifonh temperature of 250 oc.
It is suddenly immersed in a well-stirred fluid
which is maintained at a uniform temperature of
50 oc, the heat transfer coefficient between the
ball and the fluid is h = 200 W lm 2K. Estimate
temperature of the copper ball after a lapse of
5 min of immersion.

(c) How is the friction factor for flow in a tube
related to the pressure drop ? How is the pressure drop related to the pumping power for a
given mass flow rate?

c

lUll~

heat conduction? When is it applicable?

Mob 9495951100

3

6

Nu B.Gra Prb
where B, a and b are constants.

5

(c) Why is the bulk temperature of condensate
always sub-cooled?

2

(d) \Vhat is nucleate boiling? Why is it important ?

3

8. (a) Show that the emissive power of a black body is
n times the intensity ofradiation.

5

(b) On wh~t factors does the radiant heat exchange
between two bodies depend ?

2
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(c) State and explain the reciprocity theorem in
thermal radiation.

3

(d) Two fluids A and B exchange heat in a counter
flow heat exchanger. Fluid A enters at 420 oc
and has a mass flow rate of 1 kg/s. Fluid B
enters at 20 oc and has a mass flow rate of
1 kg/s. The effectiveness of heat exchanger is
75%. Determine the (i) heat transfer rate and
(ii) exit temperature of fluid B. Specific heat of
fluid A= 1 kJ/ kgK and that of fluid B = 4.1
kJ/kgK.

8

(e) What do you mean by fouling factor?

2

Mob 9495951100

(d) isenthalpe.
(iiz) Reversible steady flow work interaction is equal

to
2

(a) fpdv
2

(b)- Jvdp
1

Groupe

9. (A) Choosethecorrectanswerforthefollowing: 10 x 1
(i) In which the following processes for an ideal
gas, the heat transfer is compieteiy converted
to work:

(iv) When a system is in equilibrium, any conceival

change in entropy would be

(a) Reversible adiabatic process

(a) maximum.

(b) Reversible isobaric process

(b) positive.

(c) Reversible isothermal process

(c) negative.

(d) Reversible isochoric process

(d) zero.

(ii) At absolute zero temperature, the isotherm
coincides with an·
(a) isobar.
(b) adiabatic.

(c) isochore.

(v) When air is adiabatically saturated, the tempera-

ture attained is
(a) dew point temperature.
(b) wet bulb temperature.

(c) dry bulb temperature.
(d) effective temperature.
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THERMAL SCIENCE AND ENGINEERING

Time : Three hours
Maximum Marks : 100
Answer FNE questions, taking ANY TWO from Group A,
ANYTWOfrom Group Band 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 ofmarks.
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 ofthermodynamics for a change of state and prove that energy is a property.

6

(b) Nitrogen gas at 300 K, 101 kPaand0·1 m 3 is com-

pressed slowly in an isothermal process to 500 kPa.
Calculate the work done during the process.
4
(c) (i) Explain system approach and control volume
approach in the analysis of a flow process.
2
(ii) A high velocity water jet nozzle has 0·02 m
and 0·000 1 mas its inlet and outlet diameters,
respectively. Water discharges from the nozzle
at a rate of0·0060 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) Prove tbatthe efficiency of Carnot engine is higher
compared to that of an irreversible heat engine,
both working between same temperature limits.
6
(b) A body at temperature T1 and of constant heat
capacity C is put in contact ¥lith a thermal reservoir at temperature TJ' which is higher than T1•The
pressure ratio remams constant while the body
comes to equilibrium with the reservoir. Show that
the change in entropl' of the universe is equal to
cp [x-ln(l +x)j, where X= -(Tf -I;) I Tf" 4

Mob 9495951100

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, fmd the increase in unavailable energy due to
in·eversib!e heat tr-:J...nsfer.
8
(c) (l) Differentiate between heat and internal energy.

(iz) Derive Maxwell's relations.

4

4. (a) Sketch and explain the essential components of a
(c) (i) Does heat transfer inevitable cause of a temperature rise ?
2
(il} A reversible heat engine, Opt:Tclting between thermal reservoirs at 300 oc and 30 °C drives a
reversible refrigerator which refrigerates a space
at -15 °C and delivers heat to a thermal reservoir at 30 °C. The heat 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.
8
3. (a) Derive the Clapeyron equation.

6

(b) In a steam boiler, hot gases from a fire transfer heat
to water vaporize at constant temperature. In
a cettain 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
is 1858 kJ/kg.
latent heat of the water at 220
All the heat is transferred from the gases to
the water. How much does the total entropy

oc

Rankine vapourpower·cycle.

2

4

(b) Explain the working of an actual gas turbine with
4
p-v and T -s disgrams.
(c) An ideal 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 oc
and 2000 cm 3 • Using the cold-air-standard
assumptions, determine the (i) T and P at the
end of each process, (ii) net work output,
(iii) thermal efficiency, and (iv) mean effective pressure. Take for air, R = 0-287 kJ/kg-K,
Cp :;;: 1·0045 .kJ/kg-K and C v :;;: 0·7175 kJ/
8
kg-K.

(d) Define the following:

(z) Saturation ratio
(ii) Specific humidity

(iiz) Dew-point temperature
(iv) Psychrometry
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Group 8

5. (a) Derive the general heat conduction equation in

a velocity of 5 rnls over a 1 m x 5 m flat plate whose
temperature is kept constant at 140 °C. Determine
the rate of heat transfer from the plate, if the air
flows parallel to the (i) 5 m long side; and (ii) 1 m
side. The properties of air at 80 °C are : k = 0·03
2
W/mK, Pr = 0·706, u=2xl0-5 m /s. If
15
ReL > 5x ICP, then use NuL= 0.037{(Re~ -871)}
113
5
Pr 113 .Use NuL= 0·664Re~ 2 Pr , if ReL <5xl0 . 6

8

cartesian co-ordinates.
(b) A thin-walled copper tube of outside'metal radius

r = 0·01 m carries steam at 400 K. It is inside a
room where the surroundings temperature is 300 K.
The tube is insulated with magnesia insulation
of an approximate thermal conductivity of 0·07
W /(m-K). (i) What is the critical thickness of insulation for an external convective heat transfer coe:i:licient h =4·0 W /m2-K? (AssUII).e negligible conduction resistance due to the wall of the copper tube) ;
(ii) Under these conditions, determine the rate ofheat
transfer perm of tube length for(!) a 0·002 m thick
layer of insulation, (11) critical thickness of insulation,
6
and (Ill) 0 05 m thick layer of insulation.

(c)

(i) Define Grashof number. What is its physical
2
significance ?
(ii) What is the difference between evaporation
2
and boiling?
(iii) What is the difference between nucleate and
film hoilino-?
----o .

2

~----

(c)

(i) What are the influences offin length and fin thick2
ness on the.efficiency?
(ii) Consider two very long slender rods of the
same diameter but of different materials. One
end of the each rod is attached to a base surface
maintained at 100 °C, while the surfaces of
rods are exposed to ambient air at 20 °C. By
traversing the length of each rod with a thermocouple, it was observed that the temperatures
of the rods were equal to the positions~= 0·15
m and~= 0·075 m, where Xis measured from
the base surface. If the thermal conductivity
of rod A is known to be KA = 72 W/m-K, deter4
mine the value ofKB fortherodB.

6. (a) Obtain the momentum equation for a hvdrodvnamic
boundary layer over a flat plate.
(b) Air at a pressure of 101 kPa and 20
W'l2: 6 AN :MC 405 (149!5)

( 4 )

•

·

8

oc flows with
( Continued)

7. (a) Derive an expression for the effectiveness ofa paraHel flow heat exchanger in terms ofNTU.

8

(b) Explain the phenomenon of film condensation.

4

(c)

2

What is a radiation shield ?

(d) Engine oil is to be cooled from 80 oc to 50 oc by
using a heat exchanger of counter-flow and concentric tube-type, with cooling water available at 20 °C.
Water flows inside tube with ID of D.=
2-5 em at a
I
rate of mw = 0·08 kg/s and oil flows through the
annulus at a rate of moil= 0·16 kg/s. The heat transfer coefficient for the water side and oil side are
respectively hw = 1000 W/m2-K and hoi!= 80 W/m2 K, the fouling factors are Fw = 0·000 18 m 2 KIW
and FOil. = 0·000 18 m 2KIW and and the tube wall
resis-tance is negligible. Calculate the tube length
" u=2090
required. Take C = 4180 J/kg-K and Cpo
6
J/kg-K.
•
~

W'l2: 6 AN :MC 405 (1498)
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5'12:6 AN:MC 405 (1498)

THERMAL SCIENCE AND ENGINEERING
Time : Three hours
Maximum Marks : I 00
Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group Band 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. U11necessary 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 ofsteam tables and Mollier chart are permissible.
Group A

1. (a} Under what conditions is the work done equal to
fpdv?

3

(b) Show that energy is a property of a system. What

are the modes in which energy is stored in a system?

7

(c) In a gas turbine, the gas enters at the rate of 5 kg/s
with a velocity of SO m/s andenthalpyof900 kJ/kg
and leaves the turbine with a velocity of 150 rn!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 kJ/kgK and CP = 1.004 kJ/kg-K,
( Tunz Over)
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and the inlet conditions to be at 100 kPa and
27 °C. Determine the power output of the turbine
and the diameter of the inlet pipe.
10
2. (a) To produce network in a thermodynamic cycle, a
heat engine has to exchange heat with two thermal
reservoirs. Explain·.
3
(b) How is a reversible process only a limiti~g 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 estimated to be 0.525 kW per degree temperature
dit1erence 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 (i),
what is the maximum outer temperature for which
the inside ca.n be maintained at 20 °C?
12
3. (a) Determine the maximum work obtainable by using
one finite body at temperature T and a thermal
energy reservoir.at temperature T0 , T> T0 •
S
(b) Explain how·an electrical calorimeter is used to

determine the quality ofwet steam.

5

(c) Steam expands isentropically in a nozzle from 1 MPa,
250 oc 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 oc and
leaves at 35 °C. Determine the mass flow rate of
cooling water.
10
S'l2:6AN:MC405 (1498)

( 2 )
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4. (a) Give the basic components of a steam power plant.
Why is Carnot cycle not suitable for such a plant?

4

(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
10
efficiency for these steam condition..s.
(c) What is an air standard cycle ? Why are such
cycles conceived ? Show that the efficiency ofthe
Otto cycle depends only on the compression ratio.

6

GroupB

5. (a) 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.
5
(b) To measure the thermal conductivity of an opaque

material, a spherical shell of inner radius of26 em
and outer radius of 34 em was constructed, and a
i 00 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 ?
7
(c) Calculate the junction temperature of a copper

thermocouple, initially at 25 °C, which when placed
in a gas steam of200 °C measures a temperature of
198 oc in 5 sec. For copper, take p = 8940 kg/m3,
S'l2 :6AN:MC405 (1498)

Contact us for Online Classes & Study Materials

( 3 )

(Turn Over)

Jyothis Academy

www.amieindia.in

C = 384 Jlkg-K, K = 390 W/mK and the convective heat transfer coefficient= 400 W /m2K. Derive
the equation required to solve the problem.
8

6. (a) Define local and mean heat transfer coefficients. On
what factors does the value of h depend in forced
convection? Show that the Reynold's number for
flow in a circular tube of diameter, D, can be ex6
pressed as Re = 4 rhhtDJ..t.
(b) State the scope and application of dimensional
analysis in heat transfer processes. What are the two
methods of determining dimensionless groups to
correlate experimental data ?
6
(c) It was found during a test in which water flowed
with a velocity of2.44 rnls through a tube (2.54 em
i.d. and 6.08 m long), that the head lost due to
friction was 1. 72 m of water. Estimate the surface
heat transfer coefficient based on Reynold's analogy.
8
Take p = 998 kg/m 3 and Cp = 4.18 kJ/kgK.
7. (a) What is nucleate boiling? Why do bubbles form on
on the heating surface?
6

(b) A chemical ( CP = 3.3 kJ/kgK) flowing at the rate of
20,000 kglhr enters a parallel flow heat exchanger at
120 °C. The flow rate of cooling water (Cp = 4.186
kJ/kgK) is 50,000 kglh with an inlet temperature of
20 °C. The heat transfer surface area is 10 m 2 and
the overall heat transfer coefficient is 1050 W/m2K.
Calculate the (i) effectiveness of the heat exchanger,
and (ii) outlet temperatures of water and chemical.
5+5
S'l2:6AN:MC405 (1498)
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(c) Why are heat transfer coefficients for natural convection much less than those in forced convection?
4

8. (a) Why is Planck's law the basic law of thermal radiation ? Explain graphically how Eb').. and T are
related?
5
(b) On what factors does the radiant heat exchange
between two bodies depend ? Show that the
emissive power of a black body is 7t-times the
intensity ofemitted radiation.
7
(c) Detennine the rate of heat loss by radiation from a
steel tube of outside diameter 0.07 m and 3 m long
at a temperature of 227 oc if the tube is placed
within a square brick conduit 0.3 m side and at
27 °C. Takes (steel)= 0.7-9 and s (brick)= 0.93. 8

Group C
10

9. Answerthefollowinginbrief:

X

(z)

What is a quasi-static process ? What is its
characteristic feature?

(iz)

What is the standard fixed point in thermometry?
Define it

2

(iil) Which property of a system increases when heat
is transferred at (a) constant volume, and (b) constant pressure ?
(iv)

What do you mean by steady state and steady
f1ow?

( v)

What &re the causes of irreversibility of a process?

(Continued)
)'12 :6AN:MC405 (1498)
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W'10: 6 AN: MC 405 (1498)
THERMAL SCIENCE AND ENGINEERING

Time : Three hours
Maximum Marks : 100
Answer

questions, taking ANY 1WO from Group A,
from Group B and AU.. from Group C.

FIVE

ANY 1WO

AU parts of a question (a, b, etc.) should be
answered .at one place.
Answer should be briefand to-the-point and be supplemented with neat sketches. Unnecessary long answers
may result in Joss ofmarks.
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 concept of macroscopic and microscopic viewpoint as applied to study of thermodynamics.
·
·6
(b) Explain the term 'system', 'closed system', 'open
system' and 'isolated system'. Also, give a suitable
example for each.
6
(c) A fluid system undergoes a non-flow frictionless
process following the pressure volume relations as
p=(5/v)+l.5wherep isinbarand visinm 3 •
During the process, the .volume changes. from
0~15 m 3 to 0.05 m 3 and the system rejects 45 kJ
of heat. Determine (i) change in internal energy,
and ( ii ) change in enthalpy.
8
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and delivered it to another reservoir at a
temperature of 77"C. 'I)le heat-p~mp 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
8
energy taken from the reservoir at 1077 "C.

(a ) Prove that the expression for _Polytropic heat

rejection is given by

Q1 _ 2

= (y- n )I (y- 1 ) x polytropic work done;

( b } Derive an expression for the. first
thermodynamics of an open system.

t., .. ,
~U.YY

6

nf
VI..

6

( 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.

4.

by

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

( b ) With the help of a neat sketch, explain the working
of simple vapour compression refrigeration cycle. 4

2

( ii ) If the inlet area is 900 em and specific volume
at inlet is 0.187 m 3 /kg, find the mass flow
rate.

( c ) fu a diesel cycle, air at 0.1 MPa and 300 K is
oompressed adiabatically until the pressure rises
to 5 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

(iii ) If the specific volume at the nozzle exit is
0.498 m 3 /kg, find the exit area of nozzle.

3. (a) State and prove the Clausius in~uality

~ d~ ~ 0.

(a ) Prove that the efficiency of diesel cycle is given

8
6

GroupB
( 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 (l or 2) would you choose
to supply energy to an ideal reversible heat engine
to produce large amount of power, if the
temperature of the surrounding is 35 "C?
6

S.

(a) Derive an expression for the temperature distribu-

tion and heat transfer from a fin loosing heat at the
tip.
6

( b ) Derive an expression for the heat transfer per unit
time through a c;omposite. wall

(c) A heat-pump works on a reversed Camot cycle
takes energy from areservoir maintained at 5 "C

Contact us for Online Classes & Study Materials
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( vi) Local convective heat transfer coeffi.cient, h -r

(c) An insulated steam pipe, having outside diameter
of 3P mm·, is to be covered with .two layers of
insulation, each having thicknessof 20mm, thermal 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 ?
8

6.

( vii) Average convective heat transfer coeffi-

cient,

( viii) Rate of heat transfer.

7.

E=

4

m 2 °C. Take

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

.._

1

"•

t:")_,_

J

50,000 kg/hr. The heat transfer area is 10 m 2 and

kg/m\ k=0.02732 W/m°C, CP= 1.005 kJ!

U= 1000 W /m2 °C. Calculate ~he following:

(i ) Outlet temperature of oil and water ; and
(i } Maximum possible outlet temperature of

( ii ) Local friction coefficient, Crx
(iii) Average friction coefficient,

water.

Cr

8.

(a) State and prove the Stefan-Boltzman law of radiation, E 6 = a T 4 •

t0

( v) Thickness of thermal boundary layer, 6Th
( 4 )

3+3

lO

(i ) Boundary layer thickness, b

W'l0:6AN:MC405 (1498)

6

of 30,000 kg/hr and enters into a parallel flow heat
exchanger. Cooling water ( CP = 4.2 kJ/kgo·C)
enters the heat exchanger at 10 oc at the rate of

is 280 mm wide and at 56 oc, calculate the
following quantities at x = 280 mm. Properties of
air at mean temperature of 3 8 oc are : e = 1.13 7 4

( iv} Shear stress due to friction,

c;, of water = 4.18 kl/kg oc.

(c) Oil (en= 3.6 kJ/kgoC} at lOOOC flows at the rate

TC'~A.L--1-.t.-

mt ::>. u utc puuc

kg"K, v= 16.768 x 10~ 6 m 2 /sec, Pr=0.7.

8

1000 kg/hr of oil ( CP = 2.09 kJ/kgoC} from
80 oc to 40 oc by using 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 WI

6

£1

l _ c-NTU(l +R l
1+R

(b) An oil cooler for a lubrication system has to cool

flat plate is given by

QVef a uat ptate at a VeJOCitY 01

(a ) Prove that the effectiveness for a parallel flow heat

exchanger is given by

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

( b ) What is the transient heat conduction ?

h

W'10:6AN:MC40S (1498)
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(iii_) With ~ncrease in pressure,

( b ) Prove that the reciprocating theorem

(a J enthalpy of dry saturated steam.increases.
( b} enthalpy of dry saturated steam decreases.
(c) Assuming the sun to radiate as a black body, calculate the temperature of the sun from the given
data. The average radiant energy flux incident upon
the earth's atmosphere (solar constant)= 1380

(c) enthalpy of dry saturated steam remains same.
(d) enthalpy of dry saturated steam first increases

and then decreases.

Wlm 2, radius of the sun= 7.0x 108 m, distance
between the sun and earth= 15 ?< 1010 m.

7

(iv) Volume of wet steam (per kg) With dryness frac-

tion, x, is given by

Groupe

9. Choose the correct answer for the following:

10x2

(i) When two bodies are in thermal equilibrium with

a third body, they are also in thermal equilibrium
with each other. This statement is called
(a) Zeroth law of thermodynamics
( b ) First iaw 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 equal to

( ii) A system comprising a single phase is called a

(a) closed system

(b)Pt(Vi-Vz)

( b ) open system

(c) Pz[Yz-(ViiVz)]

( c ) isolated system

( d) (Pt Vi - Pz Vz) I ( n - 1)

(d) homogeneous system

( e ) (Pz Vi - Pz Yz) I ( n - 1)

{e) hetrogeneous system.
W'I0:6AN:MC 405 (1498)
W'l0:6AN:MC 405 ( 198;

( 6 )

(Continued)

Contact us for Online Classes & Study Materials

( 7 )

(TumOve

Jyothis Academy

www.amieindia.in

( vi) The heat abs<_>rbed or_ rejected during a polytropic

process is

Mob 9495951100

(x) Availability function is expressed as
(a) a= (u+.A>dv-Tads).

(a) [(y-n.)/(y-l)]xworkdone

(b) a= {u+ .A>dv+T0 ds)

(b) [(y-n)/{y-l)]Zxworkdone

(c) a= (du+.A>dv-Tads)

(c) {{y-n

)/(y-1)]' 12 x

work done

(d) a= (u+Jbv+T0 ds)

3

(d) [(y-n )/(y-1)1 x work done

(xi) The power available at the shaft of an IC engine is

known as brake horse power and is equal to

( vii ) Isentropic flow is
(a ) irreversible adiabatic flow.

(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

( e ) reversible adiabatic flow.

(xii) The mechanical efficiency (t"lmech) of an IC engine

( vi1i ) The efficiency of Carnot engine, using an ideal gas
as the working substance, is

is equal to
( II )

(a)

(7;-7;)/7;

(b)

7;!(7;-

( b ) BHP /lliP

Tz>

(c) BHP/FHP

(c) 7;7;/(7;- 7;).

(d)

(d) FHP/BHP

(7;-7;117;7;

( xiii ) If the working fluid in a plant does not come in

(e) [7;(7;- 7;)]/7; {7;+ 7;)]

( ix ) The property of a working substance which increases
or decreases as the heat is supplied or removed in
a reversible manner is known as
( 11 )

lliP /BHP

enthalpy.

contact with the atmospheric air and is used over
and over again, the gas turbine is said to work on
{11) semi-closed, cycle.

( b ) open cycle.

(b) internal energy.

( c ) closed cycle.

{c ) entropy.

(d) None of the above.

( d ) ex.temal energy.
W'l0:6AN:MC405 (1498)
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(xiv) In a psychro~etric chart, the vertical scale shows

· (~) wet-bulb temperature.
( b ) dry-bulb temperature.

Mob 9495951100
(xlii) The rate of radial heat flow per unit length

through the wall of a hollo'Y cylinder of inner
radius r 1 , outer radius r2 , iiiner temperature t 1
and outer temperature t2 is given by
(a) Z:rtk (t1 + t2 ) /log (r2 / r 1 )

(c) adiabatic· saturation temperature.

(b) Zn ( t1 + t 2 )/ klog (r2 / r 1 )

(d) specific humidity.

(c) Z:rtk ( t1 - t2 )/log (r2 /

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

factor is equal to

r1 )

(d) log(r2 /r1 )/2:rtk(t1 - t2 )
(xliii) If h is the coefficient of heat trnsfer; k, the

thermal conductivity; and I, the characteristic
linear dimension, then the term hl!k is called
(a ) Reynolds number

( b ) Nusselt number

( c ) Prandtl number
where

td =
I

DBT air entering the heating coil;

DBT of air leaving the heating coil; and

( d) Fronde number

td =.
2

td ) =

(xix) A body, which absorbs all the radiation falling

on it, is called

temperature of heating coil.
(xvi) The logarithmic mean temperature difference

(a ) opaque body.

for a heat exchanger is equal to

(b) white body.

(a) (~t0 ) + ~t ,J/log (~t0 / ~t;)

( c ) black body.

(b) (~t0 )- ~t;) /log(~t0 / ~ti)

(d) transparent body.

a free convection, the Nusselt number is a
function of

( xx ) For

(c) log (~t0 -l!:..t;)
(d) .!.log

.

2

(~t0 -~t;)

(a ) Prandtl number and Grashof number.

.

where ~t0 = temperature difference of hot and
cold fluid at outlet and ~i; = temperature
difference of hot and cold fluid at outlet.
W10:6AN:MC40S (1498)
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( b ) Reynolds number and Grasliof number

( c ) Reynolds number
(d) Reynolds number and Prandtl number.
W'10:6AN:MC 405 (1498)
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