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S'11 :6AN:MC405(149B) 

THERMAL SCJENCE 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. 

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

Answer should be ~rief and to-the-point and be supple
mented with neat sketches. Unnecessary Jong answers 

may result in Joss 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 ) (i) What does the state postulate say and what is 
the necessity of this postulate ? 2 

(ii) State the zeroth law of thermodynamics and 
prove that this law is the basis for all tempera
ture measurement~. 2 

( b) It is proposed to compress air (ideal gas) reversibly 
from an initial state of I 00 kPa and 27 ·c to a final 
state of 500 kPa and 27 °C. Compare the work 
required for the following processes: (i) Heating 
at constant volume followed by cooling at constant 
pressure, (ii) isothermal compression, (iii ) adia
batic compression followed by cooling at constant 
volume. For air, c.= 20.93 J/molK and CP = 
29.302 J/mol K. 8 

AMIE Study Material & Admission Packages AMIE(I) Study Circle, Roorkee www.amiestudycircle.com

1



AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARAKHAND)      EMAIL: pcourses@hotmail.com    Ph: (01332) 266328    Web: www.amiestudycircle.com 

( c) A pressure vessel is connected to a gas maintained 
at 1.4 MPa and 85 °C through a valve. The valve 
is opened and 2.7 kg of gas is 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 S, = 0.88 
kJ/(kg-K), Cv = 0.67 kJ/(kg-K) and neglect the 
velocity of gas in the main. 8 

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

(n) 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 5 m x 7 m in cross-section and. 0. 32 m in 
thickness. Determine the (i) rate of heat 
transfer through the wall, (ii) rate of entropy 
generation in the wall, and (iii) rate of total 

entropy generation with this heat transfer 

process. 8 

( b) Establish the equivalence of Kelvin-Planck and 

Clausius statements of the second law of thermo-
dynamics. 6 

( c) The lowest temperature which has been achieved 
till date is 0.0014 K. Suppose a sample is to be 
maintained at that temperature. The energy losses 

S' 11: 6AN: MC 40, (1498) ( 2 ) ( Continued) 

as heat from the sample arc estimated at 50 J /sand 
the ambient temperature is 35 °C. Suppose a 
reversible heat engine which uses a source at400 °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 

from the sample. 6 

3. ( a ) 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 until its volume 1s doubled and its 
temperature becomes equal to that of the 
sufroundings which is at 100 kPa, 5 °C. For this 
process, determine the (i ) maximum work, 
(ii) change in availability, and (iii) irreversibility. 

For air, take, Cv = 0.718 kJ/kgK, u= CvT, where 
Cv is _constant, and p V = mRT, where p is 

pressure (in kPa); V= volume (in m3 ); m = mass 

(in kg); R_ = _a constant equal to 0.287 kJ/kg-K 
and T = temperatur.e (in K ) . 8 

( b ) Explain the 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 compression cycle of 
refrigeration with the help of T-s and p-h 
diagrams. 4 

S'll:6AN:MC405 (1498) 3 (Tum Over) 
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4. ( a ) A rigid and insulated tank of volume 10 m 3 is 

divided into two equal compartments by a partition. 

One compartment is filled with nitrogen at 10 bar 

and 500 K while the other compartment is filled 

with helium at 2 bar and 300 K. The partition is 

removed and the gases are allowed to mix. Calcu

late the (i) final temperature and pressure of the 

mixture; (ii) molar composition of the mixture; 

and (iii) entropy change associated with the mixing 

process. Molar heat capacities of gases are: 

C. (for N2 ) = 20.8641 kJ/molK 

C.(forHe)= 12.4717kJ/molK 

CP. = 29.1783 kJ/molK 
N2 

CPHe = 20.7860 kJ/molK 

( b ) 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 

8 

above two possibilities is more effective? 6 

( c ) 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 

~scycle. 4 

( d) What is adiabatic saturation? 2 

S'JJ:6AN MC405 (1498) ( 4 ) ( Coatinued) 

GroupB 

S. (a) 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 50mm, is heated at the inner 

surface at the rate of 105 W / m2 and dissipates heat 

by convection from the outer surface into a fluid 
at temperature l00°C with a heat transfer 

coefficient of 400 W /m2K. 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. 8 

( b ) What is 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 58 

W /m2K. Estimate the time required to cool the 
aluminium sphere to 95 °C, using the lumped 

capacity method of analysis. Take the properties 
of aluminium as follows : 8 

Q(density) = 2700kg/m3 

C (specific heat)= 900 J/kgK 
K (conductivity)= 205 W /mk. 

( c ) What do you mean by critical radius of insulation ? 
Show that it is given by k;lh8 , where k 1 is the 
thermal conductivity of insulation and ha, the heat 
transfer coefficient. 4 

S' I l :6AN: MC 40S (1498) ( 5 ) ( Tum Over) 
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6. ( a ) Atmospheric air at Teo = 2 7 5 K and a free stream 
velocity u00 = 20 m/ s 11ows over a flat plate L = 
1.5 m long and is maintained at a uniform 
temperature T.,,, = 325 K. 

(i) Calculate the average heat transfer coefficient, 
hm, over the region, where the boundary layer 
is laminar. 4 

(ii) Find the average heat transfer coefficient over 
the entier length L = 1.5 m of the plate. 4 

(iii) Calculate the total heat transfer rate Q from 
the plate to the air over the length L = 1.5 m 
and width w= 1 m. Assume transition occurs 

at Rex= 2 x 105• 

The physical properties of atmospheric air are 
taken as follows at ( Tw + T00 ) /2 = 300 K 

K = 0.026 W /mK 
Pr= 0.708 

v= 16.8 x 10-6 m2/s 

µ 00 = l.98x 10- 5 kg/(m-s). 
Also, take the average heat transfer coefficient ~or 
the laminar layer (neglecting · the viscosity 

correction) from the relation 

h = 0 664 (k/x )Pr 113 Re 112 
m · e X 

The average heat transfer coefficient (neglecting 
viscosity correction) over L = I .5 m is to be taken 

from the relation 

4 

S' 11: 6AN :MC 405 (1498) ( 6 ) ( Continued) 

( b) Explain the Colburn analogy in detail. 4 

( c) Sketch temperature and velocity profiles in free
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? 4 

7. ( a } Consider a cross-flow heat exchanger with hot and 
cold fluids entering at uniform temperature. 
Illustrate, with sketches, the exit temperature dis-
tribution for the following cases : 4 

(i) Both fluids are unmixed 

(ii) Cold fluid is unmixed and hot fluid is mixed. 

( b) A heat exchanger is to be designed to cool mh = 
8.7 kg/sin an ethyl alcohol solution [ Cph = 3840 
J/kg-K] from T1 = 75°C to T2 = 45°C with 
cooling water [ C = 4180 J/kg-K] entering the 

Pc 

tube side at t1 = 10 °Cat a rate of me= 9.6 kg/s. 
The overall heat transfer coefficient based on the 

outer tube surface is U0 = 500 W /m2K. Calculate 
the heat transfer area for (i) parallel flow, shell 
and tube, and (ii ) counter flow, shell and tube. 6 

( c ) If the local heat transfer coefficient for the thermal 
boundary layer over a flat plate has a power-law 

dependent on x bx = CK' , where C is a constant, 
then show that the quantity averaged from x = 0 
to X (in this case h X, ave ) is simply 

h x = h x I (I + n ) . Apply this to show that, for the 
laminar thermal boundary layer over a flat plate, 
the average heat transfer coefficient over a 
distance x is twice its local value. 5 

( d) Discuss various regimes in boiling heat transfer. 5 

S'l I :6 AN .MC 405 (1498) ( 7 ) ( Continued) 
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W' 11 :6 AN:MC 405 11498) 

THERMAL SCIENCE AND ENGINEERING 

Time : Three hours 

Maximum Marks : 100 

Answer FlVE questions, taking ANY TWO from Group A, 
ANY rwofrom 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 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 indicatefull marks. 

GroupA 

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

(b) 3 kg of an ideal gas is expanded from a pressure 
7 bar and volume 1.5 m3 to a pressure I .4 bar 
and volume 4.5 m3. 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 ; (ii) change in enthalpy ; and (iii) initial 
and final temperatures. 3 x 4 
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2. (a) Derive an expression for the efficiency of a re-
versible heat engine. 8 

(b) The law of the expansion curve of a gas engine 
indicator is found to be pv13 = constant and the 
ratio of specific heat of the mixture is 1 .40. If the 
expansion ratio is 5.2 and the pressure and 
temperature before expansion are 8.5 bar, 330 °C, 
respectively and pressure after expansion is 1 bar, 
what is the rate of heat transfer per kg of gas ? 

3. (a) Derive the general energy equation for steady flow 

12 

system and simplify it forthe compressor. l 0 

( b) In an 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 m3/kg. It leaves the compressor at 7.5 rn/s with 
a pressure of 7 bar and a specific volume of 0.15 
m3/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 
jackets absorbs heat from the air at the rate of 
500 kJ/s. Find (i) power required to drive the com
pressor ; and (ii) ratio of the inlet pipe diameter 
to outlet pipe diameter. 10 

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= l bar and 300 K. Compare 
the compression ratios, maximum pressures, and 
efficiencies of two engines. 10 

Group B 

5. (a) Prove that, for a cyclindrical body as shown in 
Fig. l, the heat transfer by conduction is given by 

q 
21d(r;-z;) 

Fig. 1 

(b) An insulated steam pipe, having outside diameter 
of 30 mm, is to be covered with two layers of 
insulation, each having thickness of20 mm. The 
them1al conductivity of one material is 5 times that 
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 

10 

layer? 10 
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6. (a) Derive the momentum equation for laminar boun
dary layer over a flate plate. What are the assump-
tions involved in the derivation of this equation ? l 0 

(b) A plate of length 750 mm and width 250 mm has 
been placed longitudinally in a stream of crude oil 
which flows with a velocity of 5 m/s. If the oil has 
a specific gravity of 0.8 and kinematic viscosity 
of 1 stoke, calculate the following : 3 + 3 + 4 

(i) Boundary layer thickness at the middle of plate. 

(ii) Shear stress at the middle of plate. 

(iii) Friction drag on one side of the plate. 

7. (a) Derive an expression for the effectiveness of a 
parallel flow heat exchanger in terms ofNTU. 8 

(b) Oil (C = 3.6 kJ/kg 0 C) at 100 °C flows at the 
rate of 30,000 kg/h and enters into a parallel 
flow heat exchanger. Cooling water((~= 4.2 kJ/ 
kg 0 C) enters the heat exchanger at l O 0 C) at the 
rate of 50,000 kg/h. The heat transfer area is 
l O m 2 and U = l OOO W /m2 0 C). Calculate the 
following: 6 + 6 

(i) Outlet temperature of oil and water. 

(ii) Maximum possible outlet temperature of water. 

8. (a) Define the flowing terms : 

(i) Total intensity of radiation 

(ii) Shape factor 

(iii) Stefan-Boltzmann law 

3+3+4 

(b) Calculate the following for an industrial furnace in 
the form of a black body and emitting radiation at 
2500 °C, 5 X 2 

(i) Monochromatic emissive power at 1.2 µm 
length. 

(ii) Wavelength at which the emission is maximum. 

(iii) Maximum ernissive power. 

(iv) Total ernissive power. 

(v) Total emissive power of the furnace, if it is 
assilllled as a real surface with emissivity equal 
to 9.0. 

Group C 

9. Choose the correct answer for the following : 

(z) The value ofone bar (in SI unit) is equal to 

(a) 1 x 102 N/m2 

(b) 1 x 103 N/m2 

(c) 1 x 104 N/m2 

(d) 1 x l 05 N/m2 

(ii) Which one of the following statemet is correct? 

20 X J 

(a) The heat and work are boundary phenomena. 
(b) The heat and work represent the energy 

crossing the boundary of the system. 
(c) The heat and work arc path functions. 
(d) All of the above. 
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(iii) Kelvin-Planck 's statement deals with 

(a) conservation of work. 

(b) conservation of heat. 

(c) conversion ofheat 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) &Q= T.ds 

(b) &Q = Tlds 
(c) t5Q=dsll 

(d) None of the above. 
where ds = increase/decrease of entropy ~ T = 

absolute temperature ; and &Q = heat absorbed/ 
rejected. 

( vi) For the same maximum pressure and temperature, 

(a) Otto cycle is more efficient than diesel cycle. 

( b) diesel cycle is more efficient than Otto cycle. 

( c) dual cycle is more efficient than Otto and diesel 

cycles. 

( d) dual cycle is less efficient than Otto and diesel 

cycles. 

(vii) Which one of the following is the correcl 

statement? 

(a) For a given compression ratio, both Otto and 

diesel cycles have the same efficiency. 

(b) For a given compression ratio, Otto cycle is 

more efficient than diesel cycle. 

(c) For a given 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. 

(viii) Which one of the following is the correct 

statement? 

(a) All the reversible engines have the same effi

ciency. 

(b) All the reversible and irreversible engines 

have the same efficiency. 

( c) Irreversible engines have maximum efficiency. 

( d) None of the above. 

(ix) The thermal efficiency of an ideal gas turbine plant 

is given by 

(a) ry-1 

(b) l-rv-1 

(c) l-(l/r)Y 1Y- 1 

( d) 1-(1/ r f-v-l)I Y 

where r = pressure ratio. 

AMIE Study Material & Admission Packages AMIE(I) Study Circle, Roorkee www.amiestudycircle.com

9



AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARAKHAND)      EMAIL: pcourses@hotmail.com    Ph: (01332) 266328    Web: www.amiestudycircle.com 

(x) The condition for an irreversible cyclic process is 

(a) 9bi = 0 

(h) cf57~ < o 

rr<>Q 
(c) 'fy > 0 

(d) None of the above. 

(xi) The average value of thermal conductivity for 

water at 20 °C saturate is about 0.51. 
(a) True 
(b) False 

(xii) A composite slab has two layers of different 
materials with thermal conductivities k1 and k2• 

If each layer has the same thickness, then the 
equivalent thermal conductivity of the slab will be 

(a) k1 k2 

(b) k. + k2 
(c) k1 + k2 I k1 k2 

(d) 2 k1 k2 I k1 + k2 

(xiii) The logarithmic mean temperature difference 
( t"') is given by 

(a) 1,,, = M 1 - 8./2 / In (M1 I 8.12 ) 

(h) r"' =In (t,.,. t1 n 12) =(f.. t1 -f.. 12) 

(c) t"' = (t,,. t1 -/t,. t2)/ln (Li t1 It,. t2) 

(d) t,,,=ln (t-,.t1 /t,,.t,,)/(/l,.t1 /t-,.t2 ) 

(xiv) In counter-current flow heat exchangers, 

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

(b) 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 

al inlet. 

(xv) When t,, and I< are the temperatures of cold 

fluid at entry and exit, respectively and t h, and t h, 

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 

(xvi) In free convection heat transfer, transition from 

laminar to turbulent flow is governed by the 

critical value of the 

(a) Reynold's number. 

(b) Grashoff's number. 

(c) Reynold's number. Grashoff's number. 

(cl) Prandtl number. Gra-,hoff's number. 
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S'12:6AN:MC405 (1498) 

THERMAL SCIENCE AND ENGINEERING 

Time : Three hours 

Maximum Marks : I 00 

Answer ffvE 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. Urznecessa,y long answers 

may result in loss of mark<.. 

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

Figures on the right-hand side margin indicate full mar/r.s. 

Use of steam tables and Afollier chart are permissible. 

GroupA 

1. (a) Under what conditions is the work done equal to 
f pdv ? 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 vdocity of SO 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 1oss 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, 

( Turi: ,)ver) 
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and the inlet conditions to be at I 00 kPa and 
27 °C. Determine the power output of the turbine 
and the diameter of the inlet pipe. I 0 

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 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 (i), 
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 T and a thermal 
energy reservoir.at temperature T0 , T> T0 . 5 

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

(c) Steamexpandsisentropicallyinanozzlefrom I 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 
coolirg water. l O 

S' I 2:6AN:MC405 ( 1498) ( 2 (Con1i11ued) 

4. 

5. 

(a) Give the basic components ofa 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. 

(c) 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. 

GroupB 

(a) 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 of26 cm 
and outer radius of 34 cm 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 ? 

(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 °C in 5 sec. For copper, take p = 8940 kg/m3, 

4 

JO 

6 

5 

7 
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C = 384 J/kg-K, K = 390 W/mK and the convec
tive 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 ex-
pressed as Re= 4 mhcDµ. 6 

(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 m/s through a tube (2.54 cm 
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. 
Take p = 998 kg/m3 and C = 4.18 kJ/kgK. 8 

p 

7. (a) What is nucleate boiling? Why do bubbles form on 
on the heating surface? 6 

(b) A chemical (CP = 3.3 k:J/kgK) flowing at the rate of 
20,000 kg/hr enters a parallel flow heat exchanger at 
120 °C. The flow rate of cooling water (C = 4.186 

p 

k:J/kgK) is 50,000 kg/h with an inlet temperature of 
20 °C. The heat transfer surface area is 10 m2 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) ( 4 ) (Cunti11ued) 

(c) Why are heat transfer coefficients for natural con-
vection much less than those in forced convection? 4 

8. (a) Why is Planck's Jaw the basic law of them1al radia
tion ? Explain graphically how Ebi.. 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 1t-times the 
intensity of emitted radiation. 7 

(c) Determine 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 °C if the tube is placed 
within a square brick conduit 0.3 m side and at 
27 °C. Take e (steel) =- 0.7-9 and e (brick)= 0.93. 8 

Group C 

9. Answerthefollowinginbrief: }0 X 2 

(z) What is a quasi-static process ? What is its 
characteristic feature? 

(ii) What is the standard fixed point in thermometry? 
Define it. 

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

(iv) What do you mean by steady state and steady 
flow? 

( v) What &re the causes of irreversibility of a process ? 

;'12 :6t\N:MC405 (1498) ( 5 ) ( Turn Over) 

AMIE Study Material & Admission Packages AMIE(I) Study Circle, Roorkee www.amiestudycircle.com

14



AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARAKHAND)      EMAIL: pcourses@hotmail.com    Ph: (01332) 266328    Web: www.amiestudycircle.com 

 

AMIE Study Material & Admission Packages AMIE(I) Study Circle, Roorkee www.amiestudycircle.com

15



AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARAKHAND)      EMAIL: pcourses@hotmail.com    Ph: (01332) 266328    Web: www.amiestudycircle.com 

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, 
ANYTWOjrom 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 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. 

(b) Nitrogen gas at 300 K, 101 kPa and O l m3 is corn-
pressed slowly in an isothermal process to 500 kPa. 
Calculate the work done during the process. 

(c) (i) Explain system approach and control volume 
approach in the analysis of a flow process. 

(ii) A high velocity water jet nozzle has 002 m 
and 0·0001 mas its inlet and outlet diameters, 
respectively. Water discharges from the nozzle 
at a rate of00060 kg/s. If the outlet pressure is 
0 2 MPa, determine the pressure at the inlet 
assuming the flow to be isothermal. 

6 

4 

., 
/.., 

8 
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2. (a) Prove that the 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 T, and of constant heat 
capacity C is put in contact with a thermal reser
voir at temperature ~ which is higher than T,. The 
pressure ratio remams constant while the body 
comes to equilibrium with the reservoir. Show that 
the change in entrop.;7 of the universe is equal to 

CP[x-ln(l+x)J, where x=-(Tf-I;)!Tr 4 

(c) (i) Does heat transfer inevitable cause of a tem-
perature rise ? 2 

(ii) A reversible heat engine, operating between ther
mal reservoirs at 300 °C and 30 °C drives a 
reversible refrigerator which refrigerates a space 
ai-15 °C and delivers heat to a thermal reser
voir 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 refiigerant 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 ce1tain 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 

4. 

of the combined system of gas and water 
increase as a result of the irreversible heat transfer? 
Obtain the result on the basis of l kg of water 
evaporated. If the temperature of the surroundings 
is 30 °C, find the increase in unavailable energy due to 
irreversible heat transfer. 8 

(c) (l) Differentiate bet.veen heat and internal energy. 2 

(iz) Derive Maxwell's relations. 4 

(a) Sketch and explain the essential components of a 
Rankine vapour power cycle. 4 

(b) Explain the working of an actual gas turbine with 
p-v and T-s disgrams. 4 

(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 I 00 kPa and 20 °C 
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 effec-
tive pressure. Take for air, R = 0·287 kJ/kg-K, 
C = I ·0045 kJ/kg-K and C = 0·7175 kJ/ 

p V 

8 kg-K. 

(d) Define the following: 

(z) Saturation ratio 

(ii) Specific humidity 

4 X 1 

(iiz) Dew-point temperature 

(iv) Psychrometry 
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Group B a velocity of 5 m/s over a 1 m x 5 m flat plate whose 

5. (a) Derive the general heat conduction equation in 
temperature is kept constant at 140 cc. Determine 
the rate of heat transfer from the plate, if the air 

cartesian co-ordinates. 8 flows parallel to the (i) 5 m long side; and (ii) l m 

(b) A thin-walled copper tube of outside'metal radius 
side. The properties of air at 80 cc are : k = 003 

r = 0·01 m carries steam at 400 K. It is inside a 
W/mK, Pr = 0706, u=2xl0-5m2 /s. If 

room where the surroundings temperature is 300 K. ReL >5xld5 , thenuseNuL =0.037{(Re;,1 5 -871)} 

The tube is insulated With magnesia insulation Pr' 13 .Use NuL = 0-664Re~2Pr113 , if ReL <5x 105• 6 

of an approximate thermal conductivity of 0·07 
(c) (i) Define Grashof number. What is its physical W /(m-K). (i) What is the critical thickness of insula-

tion for an external convective heat transfer coeffi- significance? 2 

cient h = 4·0 W/m2-K? (Assu~c negligible conduc-
tion resistance due to the wall of the copper tube) ; (ii) What is the difference between evaporation 
(ii) Under these conditions, determine the rate ofheat and boiling ? 2 
transfer perm of tube length for (I) a O 002 m thick 
layer of insulation, (J/) critical thickness of insulation, (iii) What is the difference between nucleate and 2 and (Ill) 0 05 m thick layer of insulation. 6 film boiling? 

(c) (i) Vv'hat are the influences offin length and fin thick- 7. (a) Derive an expression for the effectiveness ofa para-ness on the efficiency? 2 
llcl flow heat exchanger in terms ofNTU. 8 

(ii) Consider two very long slender rods of the (b) Explain the phenomenon of film condensation. 4 same diameter but of different materials. One 
end of the each rod is attached to a base surface (c) What is a radiation shield? 2 
maintained at l 00 °C, while the surfaces of 
rods arc exposed to ambient air at 20 cc. By (d) Engine oil is to be cooled from 80 °C to 50 °C by 
traversing the length of each rod with a thcrmo- 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 A~= 0 15 Water flows inside tube with ID of D.= 2-5 cm at a 

' mandX8 =0075 m, whereXis measured from rate of mw = 0·08 kg/s and oil flows through the 
the base surface. If the thermal conductivity annulus at a rate of m 0 ;, = 0 16 kg/s. The heat trans-
ofrodA is known to be KA= 72 W/m-K, deter- fer coefficient for the water side and oil side are 
mine the value ofKJJ for the rod B. 4 respectively h = 1000 W /m2-K and h .1 = 80 W /-

w OI 

(a) Obtain the momentum equation for a hydrodynamic 
m2K, the fouling factors are Fw = 0 OOO 18 m2 K/W 

6. and F,,;, = 000018 m2K/W and and the tube wall 
boundary layer over a flat plate. 8 resis-tance is negligible. Calculate the tube length 

(b) Air at a pressure of 101 kPa and 20 °C flows with 
required. Take C = 4180 J/kg-K and C , 1 = 2090 

pw p,01 
6 J/kg-K. • 

W' 12: 6 AN :MC 405 (1498) ( 4 ) ( Continued) W' 12 : 6 AN :MC 405 (1498) ( 5 ) ( Turn Over) 
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S'13: 6 AN : MC 405 (1498) 

THERMAL SCIENCE AND ENGINEERING 

Time : Three hours 

Maximum Marks : J 00 

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. 

GroupA 

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 con
tainer so that the p-v relationship is of the form 
pv1.2 = constant. The initial pressure is 1 OOO kPa 
and the initial volume is lm3• 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 

(c) At the inlet to a pipeline, the condition of steam is irreversible. 4 

p = 4MPa, t = 400 °C, h = 3213.6 kJ/kg and 
(d) A gas is flowing through a pipe at the rate of v = 0.073 m3/kg. At the discharge end, the 

conditions are found to be p =3.5 MPa, 2 kg/s. Because of inadequate insulation, the gas 

t = 390 °C, h = 3202.6 kJ/kg, and V = 0.084 temperature decreases from 800 °C to 790 °C 
m3/kg. Ifthere is a heat loss of 8.5 kJ/ kg from between two sections in the pipe. Neglecting 

the pipeline, calculate the steam flow rate. 8 pressure losses, calculate the rate of energy 

2. (a) What is a reversible process ? How is a rever-

degradation due to this heat loss. Take TO = 
300 K and CP = 1.1 kJ/kgK. For the same tern-

sible process only a limiting process, never to be perature drop of I O °C, when the gas cools from 

attained in practice ? 5 80 °C to 70 °C due to heat loss, what is the rate 
of energy degradation? Take the same values of 

(b) Establish the equivalence of Kelvin-Planck and TO and C . What is the inference you can draw 

Clausius statements. 5 from this example? 10 

(c) A heat pump provides 3 x 104 kJ/h to maintain 4. (a) What is the reversible cycle that represents the 

a dwelling at 23 °C on a day when the outside steam power plant? Draw and explain the cycle 

temperature is O °C. The power input to the heat with the help of flow and T- s diagrams. 4 

pump is 4 kW. Determine the COP of the heat 
(b) What is an air stand cycle ? Why are such cycles pump and compare it with the COP of a rever-

sible heat pump operating between the reservoirs conceived? 2 
at the same two temperatures. 6 

(c) Show that the efficiency of the Otto cycle de-

(d) How is the entropy change of a reversible pends only on the compression ratio. 4 

process estimated? Will it be different from an (d) In a gas turbine ~ant working on the Brayton 
irreversible process between the same end 
states? 4 ~cle, the air at t e inlet is at 27 °C, 0.1 MPa. 

he pressure ratio is 6.25 and the maximum 

3. (a) Why is an isentropic process not necessarily an 
tempera~re js 800 °C. The turbine and compres-
soreffic1enc1es are each 80 %. Find the 

adiabatic process ? 2 
(i) compressor work per kg air; 

(b) Show that the maximum work obtainable from a 
finite body at temperature T and a TER at T is (ii) turbine work per kg air; 

~en~ o (iii) heat supplied per kg air ; 

W(max) =CP[(T-T0 )-T0 ln{T/T0 )] (iv) cycle efficiency; and 
where CP is the heat capacity of the body. 4 

( v) turbine exhaust gas temperature. 5x2 
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GroupB (c) How is the friction factor for flow in a tube 

5. (a) Show that the temperature profile for heat 
related to the pressure drop ? How is the pres-
sure drop related to the pumping power for a 

conduction through a wall of constant thermal given mass flow rate? 4 
conductivity is a straight line and in the presence 
of a heat source, it becomes parabolic. 3 (d) It was found during a test in which water flowed 

{b) A pipe is insulated to reduce the heat loss from it. 
with a velocity of 2.44 m/s through a tube ( 2.54 
cm inner diameter and 6.09 m long) that the head 

However, measurements indicate that the rate of loss due to friction was 1.27 m of water. Esti-
heat loss has increased instead of decreasing. mate the surface heat transfer coefficient based 
Can the measurements be right? 3 on Reynolds analogy. Take p = 998 kg /m3 and 

(c) Di~cuss the criteria of selection of fins. What is cp = 4.187 kJ/kgK. 7 

the difference between the fin-effectiveness and 
fin efficiency? 4 7. (a) Lubricating oil (p = 865 kg /m3, k = 0.14 

(d) The cooling system of an electronic package has 
W/mK, cp = 1.79 kJ/kgKand u = 9 X 10-<i m2/s) 
at 60 °C enters a I cm diameter tube with a velo-

to dissipate 0.153 kW from the surface of an 
city of3 .5 m/s while the tube wall is maintained aluminium plate 100 mm x 150 mm. It is pro-

posed to use eight fins, each 150 mm long and constant at 30 °C. Calculate the tube length requi-
I mm thick. The temperature difference between red to cool the oil to 45 °C. Use Dittus-Boelter 
the plate and the surroundings is 50 K, the equation to find h. 10 thermal conductivity of plate and fins is 0.15 
W / rnK and the heat transfer coefficient is 0.04 

(b) With the help of Buckingham 1t -theorem, show kW/m2K. Calculate the heights of the fins 
required. 10 that for natural convection heat transfer 

6. (a) What is the lumped system analysis for transient 
Nu= B.Gra Prb 

heat conduction? When is it applicable ? 3 where B, a and b are constants. 5 

(h) A solid copper ball of 100 mm diameter and (c) Why is the bulk temperature of condensate 
p = 8954 kg/m3, C = 383 J/kgK, k = 386 always sub-cooled ? 2 
W /mK is at a unifonh temperature of 250 °C. 

(d) What is nucleate boiling? Why is it important ? 3 It is suddenly immersed in a well-stirred fluid 
which is maintained at a uniform temperature of 

8. (a) Show that the emissive power of a black body is 50 °C, the heat transfer coefficient between the 
ball and the fluid is h = 200 W /m2K. Estimate 1t times the intensity of radiation. 5 
temperature of the copper ball after a lapse of 
5 min ofimmersion. 6 (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 °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 
(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 

Groupe 

9. (A) Choosethecorrectanswerf~rthefollowing: 10 x 1 

(i) 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 

(iz) At absolute zero temperature, the isotherm 
coincides with an· 

(a) isobar. 

(b) adiabatic. 

(c) isochore. 

( d) isenthalpe. 

(iiz) Reversible steady flow work interaction is equal 
to 

2 

(a) Jpdv 

2 

(b) - f vdp 
l 

(iv) When a system is in equilibrium, any conceival 
change in entropy would be 

(a) maximum. 

(b)positive. 

(c) negative. 

(d) zero. 

(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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-W'13: 6 AN: MC 405 (1498) 

THERMAL SCIENCE AND ENGINEERING 

Time : Three hours 

Maximum Marks : J 00 

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. 

1. 

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

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

Group A 

(a) State the zeroth law of thennodynamics and prove 
that it is the basis of temperature measurement 

(b) What do you understand by-path function and point 
function? What are exact atld inexact differential ? 

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

(d) State the first law of thermodynamics. Ina gas turbine, 
the gas ent~rs 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 

4 

4 

4 
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surroundings is 25 kJ/kg. Assume for gas R = 
4. · (a) Why is Carnot cycle not practicable for a steam 

power plant ? Name the real cycle. _adopted and 
0.285 kJ/kg-K and CP- = l.004_kJ/kg-K and the inlet draw it on p-v, T-s and h-s diagrams_. 4 
conditions to be at 100 kPa and 27 °C. Determine 
the power output of the turbine and the diameter of 

8 
(b) What is an air-standard cycle ? Why are these con-

the inlet pipe. ceived ? What is compression ignition engine? Why 

(a) · Write the Kelvin-Planck and Clausi us statements of 
is the compression ratio here is more than that of an 

2. SI engine? State four processes of diesel cycle. 6 
the second law of thermodynamics. Prove that they 
mean the same. 6 (c) With the help of a schematic diagram, explain the 

(b) What is the qualitative difference between heat and 
working of a typical gas turbine and draw the 
Brayton cycle on p-v diagram. Derive the expression 

work ? Define thermal efficiency of a heat engine for efficiency in terms of four temperatures. 6 
cycle. Can this be 100%. 4 

(c) A heat engine operates between a source of 600 °C 
(d) What is psychrometrics ? What is an adiabatic 

4 saturation process ? 
and a sink of 20 °C. Determine the least rate of heat 
rejection perk W net output of the engine. 4 Group B 

(d) A fluid undergoes a reversible ~batic compression s. (a) In a cylindrical fuel rod of a nuclear reactor, th~ 
from 0.5 MPa, 0.2 m3 to 0.05 m3 according to the interiuu heat generation is given by · 
law pvu = constant Determine the change m·enthalpy, 
internal energy and entropy and the heat transfer and q;q.[i-(J] work transfer during the process. 6 . 

3. (a) Define the second law efficiency. How is it different 
from the first law efficiency in case of a simple power where q O is a constant and r0 = outer radius. Calcu-
plant? 4 late the temperature drop from the centre line to the 

(b) Calculate tl)e decrease in available energy when surface of a 2.5 cm outer diameter rod having a ther-

25 kg of water at 95 °C is mixed with 35 kg of water mal conductivity of 20 W /mK, if the rate of heat 

at 35 °C, the pressure being taken as constant and the removalis2.5 MW/m2• 8 
temperature of the surroundings being 15 °C. (Cpof 

6 (b) What is critical thickness of insulation on a small water= 4.2 kJ/kg-K). 
diameter wire or pipe ? Explain physical significance 

(c) Write the Maxwell's equations and fitst and 'Seeond and derive the expression. 6 
T-ds equations. 4 

(c) The temperature of the air stream in a tube is mea-
(d) Explain 'Absolute Thermodynamic Temperature sured with the help of a thermometer placed in a 

Scale'. 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 Wlm2 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. 6 

,. (a) Derive the following equation for a srnall metal casting 
being quenched in a bath after removing it from a hot 
surface. 

T=(T,-T.) exp {-~} +T. 

where T = initial temperature ; T«> = environmental 
temperahll'e ; t = time ; h = convective heat transfer 
coefficient ; A = surface area ; p == density of soljd 
( 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 

(c) Atmospheric air at T«> = 275 Kand a free-stream 
velocity u = 20 m/s flows over a flat plate L = 1.5 m 
long that i~ maintained at a uniform temperature of 
Tw=325 K. 

(z) Calculate the average heat transfer coefficient, h,., 
over the region where the boundary layer 1s 
laminar. 

(iz) 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. 5 and width 
w=lm. 

·Assume: Transition occurs at Ree =2 x 105• 

Physical properties of air at 300 K = (T w + T00 )/2 are : 
k= 0.026 W/mK; Pr= 0.708; u = 16.8 x I0~m2/s. 
The relations for portion (i) and (iz) of question are as 
follows: 

h. = 0.664(:, ) ~n Re;• 
(region where boundary is laminar). 

and h = 0 036(!). P0·43 [Re0·6 -9200] 
m • L r L 

( over the entire length). 4 

(d) Write a note on 'thermally and hydrodynamically fully 
developed flow through a pipe. Define Prandtl number 
and explain its significance. _ 3 + 3 

7. (a) Define radiation intensity. Prove that the intensity of 
radiation is given by / 6 = E6 I 1t. 6 

(b) StatearidexplainKirchhoff's law. What are the condi-
tions under which it is applicable? 4 

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

(z) Calculate the radiation emitted into a solid angle 
subtended by O $; S 21t and O s 0 s n/6. 

(ii) What is the fraction of energy emitted into the above 
solid angle of that emitted into the entire hemi-
spherical space ? 6 

(d) Explain the meaning of the term 'view factor'. State 
. and explain the reciprocity relation. 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 tem
perature rise of 15 °C. The de.sign heat load is 
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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/m2K. Calculate the heat transfer area for 
single-pass (i) counterflow, arid (ii) parallel 
flow arrangements. 6 

( b) -Di~tinguis~ between film~se 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 is.the heat transfer coefficient in nucleate boiling 
10-20 times greater than in film boiling. 6 

(d) AcounterflowheatexchangerofareaA= I2.5m2 is 
to cool [Cph = 2000 J/kgs] oil with water [Cpc = 
4170 J/kg-s]. The oil enters at T = 100 °C and 

• bin 
mh = 2 kg/s, while the water enters at T · = 20 °C 

c-

and me= 0.48 kg/s. The overal~ heat transter coeffi-
cient is U = 400 W /m2-K. Calculate the exit m . 

temperature of water, T , and the total heat transfer 6 cou, 
rate Q. Use.the following graph for solution. 

100 

80 
~ 

~ 

~ 60 
.; 

ii = l 40 
;:; 
~ 
"' 20 

Hot fluid (mc,)11 e.c,. 
~ 

( Cold Ouid Im<,), • C, · 

lic;at transfer 
wtCset 

c_.,..Jc.u ~ o- / cc.- :;.... -'--'-- . ,, ::::,.-tio" ,:.. L--

,~ ;...,?·7$ ""' 1,00 

~ ~ 
,, 

I, ~ 
lfi 
f' 

1 L_ 
'-- I 

4 S 

Effectiveness for a counterflow heat exchanger. 

Group C 

9. Answerthefollowingin_brief: }0 X 2 

(z) Give the criteria of reversibility, irreversibility and 
imposs~bility of a thennodynamic cycle. 

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

(iii) What is the property introduced by the first law of 
th,ermodynamics ? Why should specific heat not be 
defined in tenns of heat transfer? 

(iv) Explain Clausi us inequality. 

( v) How does the subject of thermodynamics differ from 
the concept of heat transfer? Define thermodynamic 
property. . 

( vi) What is 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. 

(viiz) Explain the meaning_ of Reynolds analogy. Describe 
the relation between fluid fi:iction and heat transfer. 

(ix) Define the term 'shape factor' related to the graphi
cal analysis of two-dimensional heat conduction 
problems. 

(x) Define Grashofnumber and explain its significance in 
freeconvectionheattransfer. . · , · · . 
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S'14: 6 AN: MC 405 (1498} 

THERMAL SCIENCE AND ENGINEERING 

Time : Three hours 

Maximum Marks : J 00 

Answer FIVE questions, taking ANY TWO from Group 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 brief and to-the-point and be supple
mented with neat sketclies. 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 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 m3 of a 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 
kJ /kg.K. 8 

2. (a) State the first law of thermodynamics and prove 
that, for a non-flow process, it leads to the energy 
equation Q = llU +W. 6 

( Turn Over) 
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( b) For isothermal flow and non-flow steady processes, 
2 2 

prove that J P. dv=- J v. cp. 
I I 6 

Also, state the assumptions made. 

(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 m3 and c2 
= 90 m/s, Pi =8 bar, ~ =0.14 m3• 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 
4 oQ IT ~ 0. For a reversible cycle, cj oQ IT = O 
and for irreversible cycle, 9 oQ IT< 0. 6 

(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 of the sunounding is 35 °C ? 

4. (a) ProvethefollowingTdSequations: 

(i) TdS=C.dT+(TPI K)dv 

(ii) TdS = CvdT-T pvdp 

(iii) TdS = ; K.dp + ~~ dv 

3x3 

(b) With the help of a neat sketch and p-H diagram, 
explain the working of simple vapour compression 
refrigeration cycle. 5 

(c) Two engines are to operate on Otto and diesel 
cycle with thefollowing data: Maximum tempera
ture = 1500 K , exhaust tern~ = 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 of fin when end of the finis insulated. 6 

(c) Prove that, for unsteady state~ the instantaneous 
heat flow and total heat flow rate is given by 

Q --hA. ·B,Fo 
I - ~(ti-to)e 

6. (a) 

6 

Derivethe~ssionsfor~ ~thickness 
and local skin friction coefficient, following the 
Blasius method of solving 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 half of 
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) (3) ( Turn Ot,er ) 
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p=l.06kglm\µ=l8.97 x l06m2/s,Pr=0.696, 
K = 0.02894 W/M °C. 12 

7. (a) DeriveanexpressionfortheLMIDofcounterflow 
heat exchange~ 8 

(b) Oil (cp =3.6 kJ/kg °C)atlOO °C flowsatarate 
of 30,000 kg/ hr and enters into a parallel flow heat 
exchanger~ Cooling water { C P = 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 

(b) Prove that, for a diffuse surface, the total emissive 
power is equal to 1r -times the intensity of radiation. 6 

(c) Derive an expression for the configuration factor 8 

F. = _!_ J J ( cos01CO.s82dA1dA2) 
2-1 A 2 

IA1 A2 7r7 

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 X 1 

(ii) During a throttling process, 
(a) internal energy does not change. 
(b) pressure does not change. 
( c) entropy does not change. 
( d) enthalpy does not change. 
( 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 
efficiency of Carnot cycle 
(a) decreases. 
(b) increases. 
(c) doesnot change. 
( d) will be equal to the efficiency of the 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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(a) Cr=T(ouloT)P 
(b) cp =T(ar1au)r 
(c) cp = T(ovl ar)p 

( vii) A cycle consisting of two 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- off is increased. 
(b) cut-offisdecreased. · 
(c) cut-off is zero. 
(d) cut-off is constant. 

(x) The air standard efficiency of an Otto cycle is given 
by 
(a) 

(b) 
l-{llr'-1l 
1 +(11rr-1 

(c) 1 - rr-• 
(d) 1 + r r-1 

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

8'14: 6 AN: MC 405 (1498) (6) ( Continued) 

(a) Q=KA(dt!dx) 
(b) Q=-KA(dtl dx) 
(c) Q= KA{dxldt) 
(d) Q=-KA(dx!dt) 

(xii) Stefan Boltzmann's law is expressed as 

(a) Q=uAT4 • 

(b) Q=uA2T4 • 

(c) Q=uAT2 

(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 of emissive power and absorptive power 
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. 

(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 
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W'14: 6 AN: MC 405 (1498) 

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 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 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 tempera
ture is 450 Kand the velocity is 2 m/s. Heat trans
fer from the compressor to the surroundings occurs 
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at the rate of 1 RO kJ/min. Employing the ideal gas in Rankine cycle ? Draw a schematic of a simple 
model, calculate the power input to the compressor. steam power plant and plot the cycle on p - v and 
Take CP-= 1.005 kJ/k.g-K. 6 T - s diagrams. 6 

2. (a) Write the Kelvin-P1anck and Clausius statements of (c) Write a note on Clape)TOn equation. 4 
the second law of thermodynamics and prove their 
equivalence. 8 4. (a) What is an air standard cycle and why are these 

(b) (i) Differentiate between high grade energy and 
conceived? An engine working on the Otto cycle is 
supplied with air at 0.1 MPa, 35 °C. The compres-

low grade energy, and available energy and sion ratio is 8. Heat supplied is 2100 kJ/kg. Calcu-
unavailable energy. late the maximum pressure and temperature of the 

(ii) Calculate the decrease in energy when 25 kg 
cycle, cycle efficiency, and mean effective pressure. 
For air, CP = 1.005 kJ/kg-K; C.= 0.718 kJ/kg-K; 

water at 95 °C is mixed with 35 kg of water at 
R = 0.287 kJ/kg-K. 6 35 °C, the pressure being taken as constant and 

the temperature of the surroundings being 
(b) Define second-law efficiency.An adiabatic compre-15 °c. (CP of water""' 4.2 kJ/kg~K.) 8 

ssor receives air at 100 kPa and 300 Kand 
(c) Establish the inequality of Clausius. 4 discharges it at 1 MPa and 620 K. The ambienttem-

perature is 300 K. Determine the second law 
3. (a) fnternal energy of a pure substance can be expressed efficiency of the compressor. 4 

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 diagram and name the processes. What will 
4 to these variables enables one to estimate the change happen if the direction of the cycle is reversed ? 

in internal energy. Derive the following partial 
(d) When do DBT, WBT and OPT become equal ? derivatives ofinternal energy : I 0 

Explain the adiabatic saturation process. Why does 

(z) (ou/oT). := cp -Tu p2!k 
the enthalpy of an air-vapour mixture remain 

6 constant during this process? 

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

(iii) (ou/aP)r ::Pu k-T u ~ -u(~ -TB) s. (a) Analuminiumplate (k = 160W/mK, p = 2790 

(iv) (au/ov)T =T ~/k-P 
kg/m1,CP ::::;; 0.88 k.T/kg~K) of thickness L = 3 cm 
and at a uniform temperature of T0 = 225 "C is 

Why is Camot cyclt not practicable for a steam 
suddenly immersed at time t ::e: 0 in a well - stirred 

(b) fluid maintained at a constant temperature 
power plant? How are these difficulties overrome T,., == 25 °C. The heat transfer coefficient between 

the plate and the fluid is h = 320W/m2 -K. 
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Determine the time required for the center of the average skin friction coefficient, C 1~ == 2 C fr = 
plate to reach 50 °c. Derive the formulae used. I 0 l.2921../Re:- 6 

(b) The temperature of the air stream ih a tube is (c) (1) What is meant by thennalresistance? Explain 
measured with the help of a thennometerplaced into the electrical analogy for solving heat transfer 

2 a protective well filled with oil. Thethennometerwell problems. 
is made of a steel tube (k= 55.8 W/mK), 120 mm 

(iz) Differentiate between conductivity and conduc-long and l .S mm thick. The surface heat transfer 
2 coefficient from air to the protective well is 23.3 tance. What are their units? 

W /m2 Kand the temperature recorded by thether-
mometer is 84 °C, Estimate the measurement error, 7. (a) Discuss various regimes in pool boiling curve for 
if the temperature at the base of the well is 40 °C. 6 water. 6 

(c) Describe the graphical method of dealing with two- (b) Distinguish between LMID and NTIJ approach for 
dimensional heat conduction problem. . 4 heat exchanger analysis. An oil cooler for a large 

diesel engine is to cool engine oil from 60 °C to 
6. (a) (1) Define Grashof number and explain i~ signifi- 45 "C, using seawater at an inlet temperature of 

cance in free convection heat transfer. 20 <1C with a temperature rise of 15 °C. Toe design 

{h) Define Colburn analogy. 
heat load is Q = 140 kW and the mean overall heat 
transfet coefficient based on the outer surface area 
of the tubes is 70 W/m2-K. Calculate the heat trans-

(ih) Write the general fomt of equation for free con- fer area for single-,pass (i) counter flow and 
vectionheat transfer. (ii) parallel flow arrangements. 8 

(iv) Draw velocity distribution in hydrodyna- (c) State and prove the Kirchho:trs law of mdiaton. 6 
mic boundary layer and temperature distribu-

Prove that, for a diffuse surface, the total emissive tion in themml bowidary layer. 8. (a) 
power is equal to ,r-timestheintensity of radiation. 6 

( v) Distinguish between Biot number and Prandtl 
number. 5 x 2 (b) (i) What are radiation shape factors and why are 

Air at 20 °C flows over a thin plate with a velocity of they used? 2 (b) 
3 m/s. The plate is 2 m long and l m wide. Estimate (ii) Distinguish between spec11lar and diffuse 
the boundary layer thickness at the trailmg edge and surfaces, and absorptivity and emissivity of 
the total drag force experienced by the plate. Take surmce. 2+2 
the physical properties of air at 20 °C. p = 
I. 17 kg/m3 , u = 15 x I o~ m_2 /s and the bound- (iil) Explain Wien.displacement law. 2 

ary layertbickness at any point as o ~ 4.64 x/ ~Re.r , 

_,,. ••. ,A,._, ..... r,uH. n498) ( s) ( Tutn Over) 
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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 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 sketclies. Unnecessary long answer may 

result in loss of marks. 

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 

( c) 3 kg of air at 1.5 bar pressure and 77 °C tempera
ture corresponding to state 1 is compressed 
polytropically to state 2 at a pressure of7.5 bar, 
index of compression being 1.2. It is then cooled at 
a constant temperature to its original state 1. Find 

6 

the work done and heat transferred. 1 O 

AMIE Study Material & Admission Packages AMIE(I) Study Circle, Roorkee www.amiestudycircle.com

38



AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARAKHAND)      EMAIL: pcourses@hotmail.com    Ph: (01332) 266328    Web: www.amiestudycircle.com 

2. (a) Define process, cycle, point function and path 
tmbinewitha velocity of 50m/s and leaves the nozzle 
at 600 °C. Air leaves the turbine enters a nozzle at 

function 4 X } 60 m/s and leaves the nozzle at 500 °C. For unit 

(b) State the 7.el"Oth law of thennodynamics. How the 
mass flow rate of air, determine the following 

· assuming adiabatic expansion in turbine and nozzle: 
mercury in the thermometer able to find the 3+3+4 
temperature of a body using 7.el"Oth l~w of thenno- (1) Heat transfer to air in heat exchanger. 
dynamics? 6 

(c) A gas at 65 kPa and 200 °C is heated in a closed 
·(ii) Power output from turbine. 

rigid vessel till it reaches to 400 °C. Detennine the (iii) Velocity at the exit of the nozzle. 
amount of heat required for 0.5 kg of this gas, if 
internal energy at 200 °C and 400 °C are 26.6 

Take Cp forairas 1.005kJ/kg-K._. kJ/kg and 37 .8 kJ/k.g, respectiveJy. 10 

3. (a) Describe limitations of the~ law of thermodyna- . Group B 
mics giving examples. 3 

5. (a) What are the Fourier and Biot numbers? What is 
(b) Prove that the Kelvin-Plank and Clausi.us statements the physical significance of these nwnbers? 8 

appear to be different but are the same. 7 

A heat pump works on a reversed Carnot cycle takes 
(b) A 15 mm diameter mild steel sphere (k = 42 

(c) W /m °G) is exposed to ·cooling air flow at 20 oC 
in energy from a reservoir maintained at 3 °C and resulting in convective heat transfer coefficient h = 
delivers itto anotb.erreservoirw.here temperature is 120 W/m2 °C. Detennine the following: 3x4 
77 °C. The heat pump drives power for its opera-
tion from a reversible engine·operating within the (1) Time required to cool the sphere from 550 oC 
higher and lower temperatures limits of 1077 °C to 90 °C. 
and 77 °C . For 100 kJ/s of energy supplied to the 
reservoir at 77 °C, estimate the energy taken :f;rom (ii) Instantaneous heat transfer rate 2 min after the 
the reservoir at 1077 °C. 10 start?f cooling. 

4. (a) Derive an expression for the efficiency of aRankine (iii) Total energy transferred from the sphere during 
cycle. 5 the first 2 lllllL 

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

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

(c) In a gas turbine installation, air is heated inside a 6. (a) Prove that the heat conduction through a composite 
heat exchanger up to 750 °C from ambient cylinder is given by 10 
temperature of 27 °C. Hot air then enters the gas 
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21t[. (t1 - l(a+I)) Q =-,, ___ .;..._ _ __.__ 
L llk. log (1<a+I) / r,,) ,,_, 

(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 conduc
tivity of one material is five times that of other. 
Asswning the inner and outer surface temperatures 
of 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?. 10 

7. (a) Howaretheheatexchangersclassified? 4 

(b) Derive an expression for LMfD for a parallel flow 
heat exchanger. · 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) Outer temperature of oil and water. 

(ii) Maximum possible outlet temperature of 
water. 

8. (a) Definethefollowinglawsofradiation: 

(,) Plank's distn'bution law 

(ii) Kirchhoff's law 

(iil) Wien's displacement law 

3x2 

(b) Derive an expression for the radiant energy emitted 

by a black body Ai and falling on another black 
body~. 6 

(c) Define the following: 

(z) Hydrodynamic boundary layer 

(i1) Thermal boundary layer 

(iii) Laminarflow 

(iv) Turbulentflow 

Group C 

4x2 

9. Choose the correct answer for the following : 20 x 1 

(i) Conduction through flat composite wall is given by 

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

w Q= ~-~ . 
(k.,A / X1)+(kiAI X2)+(k3A / X3) 

(c) Q = (11 -t4)A 
(k1 I x1)+(k2 / x2 )+(k3 I x3) 

(d) Q= (k1Alx1)+(k2Alx2 )+(k3Alx3 ) 

Ct1 -14) 

where Q is the heat transfer; 11 and 14, the inside and 
outside temperature of composite wall; x1, x2, x3, 

the-thicknesses; k1,k2,k3 •. thethennalconductivi
ties; and A, the area of heat flow. 

(iz) Heat conduction in gases is due to 

(a) electromagneticwaves. 
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(b) motionofelectrons. 

(c) ·mixingmotionofdifferentla~ofthegas. ·· 

( d) elastic impact of molecules. 

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

(a) radiation. 

(b) conduction. 

(c) convection. 

(d) conductioriandconvecti.on. 

(iv) The amount of heat flow through a body by 
conduction is 

(a) dependent upon the material of the body. 

(b) directly proportional to the surface area of 
body. . • 

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

(d) inversely proportional to the thickness of 
the body. 

(e) All the three above. 

(v) For spheres, the critical thickness ofinsulati9n is 
given by 

(a) h/2k (b) 2klh 
(c) h I k (d) k 121th 
where k is the thermal conductivify and h, the 
convective heat transfer coefficient. 

'15: 6 AN: MC405(1498) ( 6 ) ( Conti'!ued) 

(v1) In transient heat conduction, two significant dimen-
sionless parameters are ........... number and .......... . 
mmbet 

(a) Fourier, Reynolds (b) Reynolds, Prandtl 

(c) Biot,Fourier (d') Reynolds, Biot 

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

(a) Radiation (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, 

(a) a.= 1, p = 0, 't = 0 

(b) a=-r=O, p=l 

(c) a= p = 0, -r = 1 

(d) None of the three above. 

where a is the absorptivity; p, the reflectivity and 
-r, the transmissivity. 
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(x) Why are fins provided on heat transferring surface? 

(a) To increase temperature gradient 

( b) To increase heat transfer coefficient 

(c) To increase heat transfer area 

( d) All the three above. 

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

(a) path. 

(c) reversible change. 

(b) cycle. 

(d) None of three 
above. 

(xii) The most fitting option for a closed system 

(a) hasafixedmass. 

(b) does not permit heat or mass transfer across 
its boundaries. 

( c) does permit mass transfer. 

(d) does permit heat transfer but not mass 
transfer. 

(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. 

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

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

</) 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. 

(I} First an isobaric expansion followed by 
isochoric pressure reduction. 

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

(a} W. =Wn 

(b} W. >Wu 

(c) W. <Wu 

(d) W. = 2Wn 

P A B 

~c 

V 

p 
A 

II 

V 

(xv) A gas is enclosed in a cylinder by a piston. Work 
output will ,be avail!11>le from the system, if there is 
~o energy interaction, only at the expanse of the 
internal energy and that process will be 

(a) isobaric. (b} polytrophic. 
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S'16: 6 AN: MC 405 (1498) 

THERMAL SCIENCE AND ENGINEERING 

Time : Three hours 

Afaximum Marks : / 00 

Answer FIVE questions, taking ANYTV·:Ofmm Grm~pA, 
ANYTWOJrom 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-pf!int and be supple
mented with neat sketches. Unnecessary long answer may 

result in loss ofmarkr. 

Any missing or wrong data may be assumed suitably 
giving properjustlfication. 

Figures on the right-hand side margi,:, indicate full marks. 

Group A 

1. (a) State them1odynamic definition ofheatand work. 
Also, compare between heat and work. 4 

( b) · State and explain the first law of themodynamics for 
a closed system undergoing a change of state. Show 
that the change in internal energy of a system is inde-

. pendent of the path followed by the system. 6 

( c) Derive an expression for heat transfer in polytropic 
process. 4 

(d) In a gas turbine unit. the gases flow through the 
turbine is 15 kg/sand the power developed bythe 
turbine is 12000 kW. Toe enthalpies of gases at the 
inlet and outlet are 1260 kJ/kg an~ 400 kJ/kg, 
respectively and the velocity of gases at the inlet and 
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outlet are 50 m/s and 110 m/s, respectively. Calcu- (c) Detjve the equati~ns U = -T2 [ :T {FIT)] and 
late the (i) rate at which heat is rejected to the 
turbine and (ii) area of the inlet pipe, given that the 

H = -T2 [;, ( GIT) l specific volume of gases at the inlet is 0.45 m3 /kg. 6 6 

2. (a) What is a heat pump ? Define its COP. Compare 
the COP of a heat pump with that of a i:efrigerator. 6 4. (a) It is known thaf the efficiency of a R.ankine cycle can 

be increased by decreasing condenser pressure. Is 

(b) State the limitations of first law of thermodynamics. 2 there any limit on the lowest pressure at which the 
condenser can be operated ? What are the dis-

(c) State and prove Clausius inequality. 6 advantages associated with maintaining low 
pressure in a condenser? 4 

(d) Two Carnot engines A and Bare connected in (b) Why are the back work ratios relatively high in gas 
series between two thermal reservoirs maintained at turbine plants compared to those of steam power 
I OOO Kand l 00 K, respectively. Engine A receives plants? 2 
1680 kJ ofheat from the high-temperature reser-
voir and rejects heat to the Carnot engine B. Engine (c) An engine working on Otto cycle, in which the 
B takes in heat rejected by engine A and rejects salient points are 1, 2, 3 and 4, has upper and lower 
heat to the low-temperature reservoir. If engines A temperature limits 7; and 'I'i. If the maximum worlc 
and B have equal thermal ~fficiencies, determine the per kg of air is to be done, show that the intermedi-
( i) temperature at which heat is rejected by engine ate temperature is the geometric mean of the upper 
A, (ii) heat rejected by engine Band (iii) work done and lower temperature limits. 6 
during the process by engines A and B, respectively. 6 

(d) The sling psychrometer in a laboratory test recorded 

3. (a) State Kelvin-Plank and Clausius statements of the following readings : Dry bulb temperature is 
second law of thermodynamics. Show that the 3 5 °C and wet bulb temperature is 25 °C. Calculate 
violation ofCJausius statement leads to the violation the following : (i) Specific humidity, (ii) relative 

of Kelvin-Plank statement. 6 humidity, (iii) vapour density in air (iv) dew point 
temperature and ( v) enthalpy of mixture per kg of 

(b) A closed system contains 0.5 kg of air. It expands dry air. Take atmospheric pressure=.1.0132 bar. 8 
from 2 bar, 60 °C to I bar, 40 °C. During expan-

Group B sion, it re1.:eives 2 kJ of heat from a reservoir at 
I 00 "C. Assuming atmospheric conditions to be at 5. (a) Consider two finned surfaces that are identical 
0.95 bar, 30 °C, calculate the (i) maximum work, 
(ii)work done on atmosphere and (iii) change in. 

except that the fins on:the first surface are formed by 

availability. 8 
casting or extrusion, whereas they are attached to 

(Coniinued) 
S'l6: 6 AN: MC 40S (1498) ( 3 ) ( Tztm Over) 

S'l6: 6 AN: MC 40S (1498) ( 2 ) 
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the_second sur~ace afterwards by welding or tight 
fitting. For which case do you think the fins will 
provide greater enhancement in heat transfer ? 
Explain. 2 

(b) The wall of a spherical tank of I m diameter 
contain5 an exothennic chemical reaction and is at 
200 °C when the ambient air temperature is 25 °C. 
What thickness of urethane foam (K = 0.026 
W /mK) is required to reduce the exterior tempera
ture to 40 °C, assuming the convection coefficient is 
20 W /m 2K for both situations ? What is the per
centage reduction in heat rate achieved by using the 
insulation? 8 

( c) A person is found dead at 5 PM in a room whose 
~mperature is 20 °C. The temperature of the body 
1s measured to be 25 °C when found. and the heat 
transfer coefficient is estimated to be 
~=8 W/m2 °C. Modeling the body as a 30 cm 
diameter, 1. 70 m long cylinder, estimate the time of 
death of that person. Assume that the person was 
healthy when he or she died with a body tempera
ture of37 °C. TI1e thermal prope.rties of the body 
and heat transfer coefficient are constant. The 
radiation effects are negli1:,>ible. l O 

6. (a) What is an irregular boundary? What is a practical 
way of handling irregular boundary surfaces by 
the finite difference method ? 2 

(b) J?efine and write the significance of following dimen
s10nless numbers: (z) Nusseltnumber, (ii)Grdshof 
number and (iii) Prandtl number. 3 x 2 

( c) Write about (1) Dittus Boelter's correlation and (iz) 
Sieder and Tate correlation. 3 + 3 

( d) piscuss in detail the various regimes in boiling. What 
1s the effect of bubble size on boiling ? 6 

S'l6: 6 AN: MC 405 (1498) ( 4 ) (Contim,ed) 

7. (a) Derive expressions for effectiveness by NTU 
method for the following cases : (i) Counter flow 
and (ii) parallel flow. 5 + 5 

(b) Water(Cp=4180J/kg 0 C) enters the 2.5 cm 
internal diameter tube of a double-pipe counter-flow 
heat exchanger at 17 °C at a rate of 3 kg/s. It is 
heated by steam condensing at 120 °C (hfg= 2203 
kJ/kg) in the shell. If the overall heat transfer coeffi
cient of the heat exchanger is 1500 W/m.2 °C, 
determine the length of the tube rc;:quired in order to 
heat the water at 80 °C. 10 

8. (a) List the salient features of a black body radiation. 2 

(b) Defme Lambert's cosine law of radiation and prove 
that intensity of radiation is always constant at any 
angle of emission for a diffused surface. 6 

( c) Emissivities of two largt: parallel plates maintained 
at 800 °C and 300 °Care 0.3 and 0.5, respectively. 
Find the net radiant heat exchange per square metre 
for these plates. Also, find the percentage reduction 
in heat transforwhcn a polished aluminium radiation 
shield ( i: "" (1.05) is placed between them.Also, find 
the temperature oflhe shield. 12 

Group C 

9. Answer/explainthefollowinginbrief: JO X 2 

(i) Show that the energy of an isolated system is 
constant. 

(ii) Explain why PMM-1 is not possible. 

(iii). Write two Tds equations. 

(iv) Define compression ratio and cut-off ratio for the 
IC engine. 

S'I(,: 6 AN: MC 405 (1498) ( 5 ) ( Turn Over) 
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( v) Wl1at is wet bulb depression and de,v point depres
sion'? Give these values for saturated ak 

( vi) Define emissivity mid absorptivity. 

(vh) What is the effect of surface roughness on the 
friction drag coefficient in laminar and turbulent 
flows? 

( viii) Vv'hat is tire role of baffles in a shell-and-tube heat 
exchanger ? How does the presence of baftles 
affect the heat transfer and the pumping power 
requirerrn;nts ? Explain. 

(ix) How does film boiling differ from nucleate 
boiling? 

(x) What does a solid angle represent, and how does 
it differ from a plane angle ? Wnat is the value of 
.a solid angle associated with a sphere ? 

S'l6: 6 AN: MC 405 (1498) ( 6 ) AG-3200 
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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 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 sketclies. Unnecessary long answer may 

result in loss of marfr.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 of thermodynamics and prove 
that it is the basis of temperature measurement. How 
does the See beck effect make use of temperature 
measurement by a thern10couple? 8 

(b) Prove that Kelvin-Planck and Clausius statements 
of the second law of thermodynamics are equiva-
lent 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 
from the concept of heat tranfer? 6 

( 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 
flow energy equation? 8 

(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 
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 R = 8.3143 kJ/kg mol K 

and v = 22.4 m3/kg mol 6 

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 freez
ingpointoffoodis -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) 

( b) Prove the following T d S equations : 

(iz) TdS = CvdT -T~v dp 

(c) What are the four basic components of a steam 
power plant cycle? What is metallurgical limit? How 

6 

,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 
a plant? What are the processes it consist of? 5 

(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 

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

Group B 

5. (a) Derive the general unsteady state heat conduction 
equation with heat generation in rectangular co
ordinate 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 negli
gible, show that the heat transfer from the fin is 

W'l6: 6AN: MC 405 (1498) ( 3 ) ( Turn Over) 
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00 = mk A 00 tanhml Take critical Re = 5 x 105
• Use relationship : 

where symbols have their usual meaning. 6 Num = 0.664 Re~2 Prv3 6 

(c) Explain the finite difference method of finding 7. (a) Define heat-exchanger effectiveness and LMTD 

temperature distribution and heat transfer in a two- correction factor. Discuss the advantages ofNTU 

dimensional system of simple shape. 6 method over the LMTD method of heat exchanger 
design. Show that E = NTU/(1 + NTU) for 

6. (a) What is lumped system analysis ? When is it counterflow heat exchanger if the capacity rates of 

applied ? Steel ball bearings (k = 50 W /mK, hot and cold fluids are equal. 8 

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 tion and Radiation heat transfer modes. How do we 

transfer coefficient between the ball bearings and oil analyse the heat transfer problems in these different 

is 300 W /m 2 K, determine (i) the duration of time modes? 6 
the bearings must remain in oil to reach a tempera-

(c) What is pool boiling ? Explain different regions ture of 200 °C, (ii) the total amount of heat 
removed from each bearing during this time and ( iii) in pool bojling. Differentiate between Dropwise and 

the instantaneous heat transfer rate froin the bear- Filmwise condensation. 6 

ings \Vhen they are first immersed in oil and when 
8. (a) Two very large parallel planes with emissivities 0.3 they reach 200 °C. 8 

and 0.8 exchange radiative energy. Determine the 
(b) What is the role of velocity and thermal boundary percentage reduction in radiative energytransferwhen 

layers in convection heat transfer ? Highlight the a polished aluminium radiation shield ( £ = 0. 04 for 
importance of Prandtl number in-determining the both sides) is placed between them. Define mono-
relative thickness of momentum and energy chromatic emissivity and total emissivity. 8 
diffusion in velocity and thcnnal layers respectively. 
What is Col bum analogy? 6 (b) State and prove the Kirchhoff's law of radiation. 6 

(c) Differentiate between the local and mean heat (c) Prove that for a diffuse surface, the total emissive 
transfer coefficients. A rectangular plate is 120 cm power is equal to n- times the intensity of radiation. 6 
long in the direction of the flow and 200 cm wide. 
The plate is maintained at 80 °C when placed in Group C 
nitrogen that has a velocity of 2.5 -m/s and ·a 

9. Answer the following in brief: 20 X] 
temperahrre ofO °C. Determine (i) the average heat 
transfer coefficient and (i1) the total heat transfer from (1) What is an ideal gas ? 
the plate. The properties of nitrogen at 
40 °care p = 1.142 kg/m3

, CP = 1.04 kJ/kg K, (ilj What is thermodynamic equilibrium? 
u = 15.63x 10-6m2/s and k = 0.0262 W/mK. 

W'l6: 6 AN: MC 405 (1498) ( 4 ) (Continued) w•t6: 6AN: MC 405 (1498) ( 5 ) ( Turn Over) 
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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? 

(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 effec
tiveness. 

(xvi) Explain 'ElectricalAnalogy'. 

(xvii) Define shape factor. 

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

( xvi ii) Define fouling factor. 

(xix) Define Grashof number .. 

(xx) Define 'Black body'. 
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S'17: 6 AN: MC 405 (14981

THERMAL SCIENCE AND ENGII\IEERING

Time :T'hree hours

Maximum Marks: 100

Answer rwr questions, taking ANvrwoy'om Group.A.,
ANYTwo/orn Group B and N-t- .from Group C.

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

Answer should be brief and tolhe-point andbe supple-
mented with neat sketches. (lnnecessory long ansu,er ntay,

resutrt in loss oJ'marks.

Any missing or wrong data may be qssumed suitably
giv ing proper j us t ilicat io n.

Figures on the right-hand side margin indicatefull marks.

GmupA

1. (a) Define the thermodynamic system. Diftbrentiate
between open system, closed system and isolated
s1'stem.

(6) State the Zeroth law ofthermodynamics and prove
that this law is the basis for all temperatue mea-
snements. 4

(c) 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 rnls 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 surroundings is 25 kJlkg.Assume for
gas X : 0.285 kJ/kg-K and C, : 1.004 kJftg-K

(Tun Over)
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and the inlet conditions to be at 100 kPa and
27 'C. Determine the power output ofthe turbine
and the diameter of the inlet pipe. I 0

2. (a) To produce network in a thermodynamic cycle, a
heat engine has to exchange heat with two thermal
reservoirs. Explain - 4

(,) State the second lawofthermodynamics as stated
by Kelvin-Plank and Clausius. Show the equiva-
lence ofthe above two statements. 8

(c) Aroom is maintainedat2T'C whilethe surround-
ings are at 2 "C. The temperafure of inner and
outer surfaces of the wall (k:0.71WrnK) are
measured to be 21 'C and 6 oC respectively. Heat
flows steadily through the wall 5 rn x 7 m in cross-
sectionand 0.32 m inthickness. Determinethe (t)
rate of heat transfer through the wall, (ii) rate of
entropy generation in the wall, and (iii) rate.of
total entropy generation with this heat transfer
process. I

3. (a) How is COP of aheat pump related to thc COP
ofarefrigerator ? 2

(e) How the Rankine cycle differ from the Carnot
cycle foravapouri' 4

(c) Sketch and explain the essential components of a
Rankinevapoirpowercycle. 6

(4 A Camot engine operates between two reservoirs
at the temperature of oK and oK. 'Ihe work out-
put ofthe engine is 0.6 times that of heat rejected.
Given that difference in temperature between the
source and sink is 200 "C. Calculate the souice
temperature, sink temperature, and thermal
efficiency. 8

4. (a) Describe a simple vapour compression cycle
giving clearly the fl ow diagram.

(b) What are the two basic types of IC engines ?
What are the fundamental differences between
thetwo ?

(c) A house is to be maintained at25,Cin summer as
well as winter. For this purpose, it is proposed to
use areversible device as arefrigeratorin surruner
and a heat pump in winter. The ambient tempera_
ture is 40.C in summer and 3 oC in winter. The
energy losses as heat frorn the roofand the rvalls
are estimated at 5 kW per degree Celsius tern-
pcrature difference between the room and tlie
ambient conditions. Calculate the power required
to operate the device in summer and winter. n

GroupB

5. (q) Writedownunsteadystate three-dimensional heat
conduction equation in rectangular coordinates
with heat generation and give the meaning ofeaclr
term. 5

(b) Derive an expression for the temperature distribu_
tion and heat flow from a fin *hose one end is
in$lated" 5

(c) An aluminum (k : 204 Wm K) rod 2 cm in
diameter and 20 cm long protrudes from a wall
which is maintiiined at 300 oC. The end ofthe rod
is insulated and the surface ofthe rod is exposed
to air at 30 ,C. The convective heat transfer
coefficient between the rods surface and air is l0
Wm2 K. Calculate the heat lost by the rod. Also
calculate the temperature of the rod at a distance
of l0cmfromthewall. 10

S'17:6 AN:MC405 (1498) ( 2 ) (Continued )
S'17:6 AN:MC405 (149s) ( 3 ) (Turn Over )
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6. (ct) What is meant by trarsient heat conduction ?

(r) ExplainNusselt, Prandtl, Reynolds, and Stanton
numbers and their signifi cance.

G) Deril,e the momenfim equation for hydrodynamic
boundary layer over a fl at plate.

(d) A solid copper ball of 100 mrn diameter and p =,

8954 kg/m', Co:383 JlkgK, k: 386 WmK is
at a uniform terirperature of 25$ "C. It is suddenly
imrnersed in a w'ell-stirred fl uid. Estimate temporra-

ture of the copper hall after a lapse of 5 min of
immersion.

(a) I)erive an expression for the LMTD for a parallel
flowheatexchanger,

(r) A cotrnter flow heat exchanger is employed to
eool 0.55 kg/s (: 2.45 k"Jkg "C) of oil frorn
110 "C to 35 'C .[ry uscr of water. The inlet and
outlet temperatures of cooiing water are 20 uC

and 80'(1, respectively" The overall heat transl-er

soefficient is expected to be 1500 W/m2'C.
Using NTU metlaod, catrculatc the fullowing : (r)
mass flow of, w'ater, (ff) effectivvlles$ of heat
exchanger, and (rn) sudhce area required

(c) State Stephen-Boltzrnann law and Kirchhoff law
for radiation heat transf,er with proper units of
measurements

8. (a) Explain the term absorptivity, reflectivity and
transrrissivity of radiation. Discuss the relationship
between each other for a black body and opaque
body.

(D) Determine the geometric shape factor for a very
small disc ofsurface area and large parallel disc of
surface area located at a distance Z directly above
the smaller one (both are placed in horizontal
planes).

(p) Two black discs of diameter 50 cm are placed
parallel to each other concentically at a distance
of 1 m.'fhe discs are maintained at 727 "C and
227 "C, respectively. Calculate the heat transfer
between the discs per hour when (f) no other
surfaces are present except the discs; and (rr) the
discs are connected by cylindrical black surface.
Assume = 0.06. Emissivity Constant.

t.
GroupC

9. Choose thecorrect answer: lx20

(5)( 4)

(0 [nthe absence ofany turbalancerd force withinthe
systern itselfand also between the systern and the
sunotrndings,the system is said tobe in

(a)'Ihe,nnalequilitxiurn

(D) Mrchmicalequilibrimn

(r) Chmicalequilihirm

(d) Phaseequilibrfurn

(ii) First law is based on

(a) Lawofcclnservationofmass

S'17:6 AN:MC405 (1498) (Continued ) S'17:6 AN:MC405 (1498) (Turn Over )
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(D) I^aw ofconservation ofenerry

(c) l,awofconservationofmomentum

(@ None ofthe above

(iii) When a liquid flows through a tube with sub_
cooled orsaturated boiling, theprocess is called

(a) Poolboiling

(6) Bulkboiling

(c) Convectionboiling

(@ None ofthe abovc

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

(a) Closedsystem

(6) Opensystem

(c) Isolatedsystem

(d) Homogeneoussystem

(e) Heterogeneoussystem

(v) Throttlingprocessis

(a) A reversible and constant entopyprocess

(D) A reversible and constant enthalpyprocess

(c) An irreversible and constant enthalpy process

(@ Reversible and isothermal process

(vr) In a psychrometric chart, the vertical scale shows /
(a) Wet-bulb temPerature

(6) Dry-bulb temPerature

(c) Adiabatic saturationtemperature

(r/) SpecifichwniditY

(vii) A l0 tonne refrigeration system consumes 10

kW of electrical energy. Its COPwill be

(a) 10

(6) 3.s

(c) 0.35

@3'
(viil) Which onc ofthe following statement is correct ?

(a) The heat and work are boundary phenomena

(6) The heat and work represent the energy
crossing theboundary ofthe system

(c) The heat and work are path fi.nctions

(4 Alloftheabove

(rx) Forthesame maximtunpressur€ andtemperature

(a) Otto cycle is more efficient than diesel cyole

(6) Diesel iycle is more efficient than Otto cycle

(c) Dual cycle is more efficient than Otto and
diesel cycles

(d) Dual cycle is less efficient than Otto and
diesel cycles

S't7:6 AN:MC405 (1498) (7 ) (Turn Over)5'17:6AN:MC405(1498) (6) (Continued)
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(r) Ahollowspherewithuniformtemperatureanda
small hole behaves verynearlyas

(a) Whirebody

(6) Opaque body

(c) Blackbody

(d) craybody

(xi) The ernissivity ofa black bodv is

(a) o

(r) 0.5

@) a.75

(al
(xii) Which one ofthe fbllowing is an intcnsivc prcr-

perty ?

(a) Intemalenerry

(6) Enthalpy

(c) Densiry

(@ Volume

(xiir) The tiple point of water is

(o) 273 K

(b) 273.16K

(c) 273.02K

(d) Noneoftheabove

5'17:6AN:MC405(1498) (8) (Continued\

(xi u) For evaporators and condensers, under the given I
conditions, LMTD for counterflow will be

(a) Greaterthanparallel flow

(b) Equaltoparallel flow

(c) t essthanparallelflow

(d) Noneoftheabove

(rv) In fr,ee convection heat transfer, transition from
laminar to ttubulent flow is govemed by the
critical valueofthe

(a) Reynold'snumber

(6) Crrashoffsntmber

(r:) Reynold's number, Grashoffs number

(c/) Prandtl number, Crrashoffs ntunber

(-rui) I;or a closed system, the difference between the
heat added to and the work done by the system
isequaltothechange in

(a) Enthalpy

(6) Intemalenergy

(c) Entopy

(d) Noneoftheabove

(xvii) In an reversible adiabatic compression

(c) Pressure remains constant

(6) Temperatureremains constant

5'17:6 AN:MC405 (1498) ( 9 ) (Turn Over)
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(c) Heatingtakeplace

(d) Coolingtakesplace

(nul)'lhe average value of therrnal conductivity'for
waterat20 "C saflrate isabout 0"51

(a) T'rue

(D) Fnlse

(r'ix) The critical radius ofinsulationofa spherical ceil
is

(d* h/k

(e) zh/k

(c) kfrr

@) xth

(xr') tleat transfer by convection isdesmihed by

(c) Fick'slaw

(6) Fourier'$Iaw

(c) Newton'sftarvofcooling

(d) StefmBolerranlaw

S'17:6 AN:MC405 (t498) ( r0 ) AG-1,r00
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