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MECHANICAL ENGINEERING 

Paper—II
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SECTION—A

Q. 1(a) 3rr^f %  #rf?r 3f s r f l r ^  f t ^ r  % fcpr s i ^ r p t  w  3fj<m P1+ 1M  i
T-s W IM  % ^  f t  3 f^ T M  a^qicf staT #  11

Derive the optimum pressure ratio of an ideal gas turbine plant for maximum network. 
Also, show with the help of T-s diagram that, an optimum pressure ratio exists. 10

Q. 1(b) ^  3Tf f̂ Tfa V<$ M fa W ? I ^  % feTQ; f t  W WTT HiltAPi*
srtf $  fcfxr s rw ft 3pprc*r %, w  i

Consider one-dimensional isentropic flow of a perfect gas. Derive an appropriate expression 
to show that the shape of the nozzle for supersonic flow is divergent in cross-section.

10

Q: l(c) ^  TftaT (*nw 60 f t# .)  ;ftrsr# w t  300°c t  ^  ntcrr
(31F#^ c?rrH 360 f t # . )  ^iftfcT SfFcrft^ 15°C
^  vm  % i w  f t  «rt s ^ x  ^  w t t  w  v i
ftcRT STPTfcRf #THT I ^  W  f f ^ T  BT 1 1 i M  %

ftcpfr ftwer tjwt Ffrr i

A small sphere (of outside diameter = 60 mm) with a surface temperature of 300°C is 
located at the geometric centre of a large sphere (of inside diameter = 360 mm) with an 
inner surface temperature of 15°C. Calculate how much of emission from the inner 
surface of the large sphere is incident upon the outer surface of the small sphere. Assume 
that both bodies approach black body behaviour. What is the net interchange of heat 
between the two spheres ? 10

Q. 1(d) (Shell) 3  m  STjrecffa TO t , ^feWf $

tS tf TTPfV 0.05 kg/s W T  11 *Tcft 3?PcTft  ̂ WRT 25 mm 11 SfT^rft^

m  3imifcr y j t ^  (Uj) 230 W/m2oC #  i ^  «r&fa

^  CTTWT w m : 15°C W* 70°C 11 *TTC ^  (Condensation) T̂cft ^  W  ^  ^
FftTT ^ I

(i) NTU $

(ii) VFfrP ^

(iii)

i t  Cp = 4 , 1 8 ^ ^ ;  hfg = 2 2 5 7 ^  ( W R  y<T '3W) *#T*T I
.0
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Steam at atmospheric pressure enters the shell of a surface condenser, in which the water 
flows through a tube bundle, at the rate of 0.05 kg/s. The inner diameter of the tube is 

25 mm. The overall heat transfer coefficient, (IL) based on the inner diameter is 230W/m2oC. 
The inlet and outlet temperatures of water are 15°C and 70°C, respectively. The condensation 
of steam takes place on the outside surface of the tubes.

Calculate the following :

(i) The effectiveness of the heat exchanger and NTU.

(ii) Length of each tube.

(iii) The rate of steam condensation.

kJ kJ
Assume Cp of water = 4.18 ^ ; hfg = 2 2 5 7 ^  (latent heat of condensation). 10

Q. 1(e) w h  % (C3h 8) 100% 11 fspr ^

F3T, 25°C 1 bar WX& t  I T̂eTT 5TTT T̂RT 3rftePT tfTOH TO

i M ' 'z m  sTwni P fhR #m  t

Cp(C 0 2) = 19.8 + 7.344 x 10-2 T 

C°(H20) -  32.24 + 1.924 x 10"3 T 

C°(02) = 28.11 -  3.68 x 10^ T 

C°(N2) = 31.15 -  1.357 x 10-2 T 

m  C° J/mol K ^ T  K ^ t l ^  ¥f^TT 3^rr AH^98 = -2045.5 kJ I

Propane (C3Hg) is burned with 100% excess air in an adiabatic burner. Both the fuel and 

air enter the burner at 25 °C and 1 bar. Estimate the maximum temperature that can be 

attained in the flame. The molar heat capacities of the product gases are as follows : 

C°(C° 2) = 19.8 + 7.344 x 10~2 T 

C°(H20) = 32.24 + 1.924 x 10“3 T 

C°(02) = 28.11 -  3.68 x KT6 T 

Cp(N2) = 31.15 -  1.357 x 10~2 T

Here C° is in J/mol. K and T is in K. Assume standard heat of this reaction 
as AH29g = -2045.5 kJ. 10

Q. 2(a) nfctw j i m  % srrc w  t ,  i iffcr r̂cft ^  w  $  Icrq Trf̂ sr
^TFf> 2 %, I 3TFt ^TT^r, ^  M ?  faspET T̂PTT ^

W  WtTTT ?

e-rtfy-O-'HTDG 3
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Explain what do you mean by kinetic energy correction factor. Show that the kinetic 
energy correction factor for laminar flow through a circular pipe is 2. Further, explain

Q. 2(b) ^  T̂RcTef #TR 90 mm t  (k = 0.18 W/m°C), ^  ^  W f t  I,
w ?  80° $  w U w  t o r  t o  11 % 3^rr ^ t t ^ t  1.3 x 105 w/m3
11 3faR afk w fw T  % 3̂ cfT 3RR̂ T (h) 520 W/m2oC Ft ^T3R
^  s tf te w  cTTWT TO w f t  ^TT, $  T̂T̂T 3̂ TT 3fiR*T

A plane wall 90 mm thick (k = 0.18 W/m°C) is insulated on one side while the other side 
is exposed to environment at 80°C. The rate of heat generation within the wall is 
1.3 x 105 W/m3. If the convective heat transfer coefficient between the wall and the 
environment, (h) is 520 W/m2oC, determine the maximum temperature in the wall. Derive 
the expression used, starting from the steady state one-dimensional heat conduction with 
heat generation equation. 20

Q. 2(c) f% yfasFFikti w  w  firs qfc Cp $  y n  t o r  ^ r ,
^  TvP % 5RT WUU, f^T^T I

Show that the slope of a reversible adiabatic process on a temperature versus pressure
diagram, when multiplied by Cp is given by Tvp. 10

Q. 3(a) Vfr m i ' f t  16000 rpm^R ^ T ^ t ,  17°C cfFT ^R ^ 3  3RR ^ R  ^  W  3TJW
4 : 1 ^  T̂cTT 82% % 11 f^TTcW ^  t  ^  ftcTC
yTO 0.85 11 T *R Pl?W  ^  *RR 20° ^  ^  3f^T ftw  M  11
^TeR W mar 200 m m ^ ? f  4  120 m/s 11 f^T

^R «PTT̂ T I

A centrifugal compressor running at 16,000 rpm takes in air at 17°C and compresses it 
through a pressure ratio of 4:1 with an isentropic efficiency of 82%. The blades are

200 mm and the absolute air velocity at inlet is 120 m/s. Calculate the impeller tip

what will happen to the kinetic energy correction factor when the flow is considered to
be turbulent. 20

radially inclined and the slip factor is 0.85. Guide vanes at inlet give the air an angle of 
pre-whirl of 20° to the axial direction. The mean diameter of the impeller eye is

diameter. Take Cp = 1.005

impeller exit. 20



Q. 3(b) ^  =ft (9) 4-*rto r̂̂ TcT t^R  14.5 cm ^mr ^  jg cm ^  a r ^ t

7:1 I  3?ft 3F 15% fiTOT HT 2000 rpm *FT ^  350 kW W nfer JRm % \
^PT if M  ^  ^  ftFT *FT 3TO HPT 47 MJ/kg t ,  t^RFf 85.2% C 3?k 14.8% H2 t  I 
3TTWft ?SIclT 15°C ^  1 bar̂ TT 76% 3̂ T qff^f? WIcTT 90% ^  ctrfk
warn w  # F t i  R = 287 J/kg-K feu TO l i

A nine (9)-cyIinder, 4-stroke petrol engine of bore 14.5 cm and stroke 18 cm, has a 
compression ratio of 7:1 and develops 350 kW at 2000 rpm when running on a mixture 
of 15% weak. The fuel used has a heating value of 47 MJ/kg and contains 85.2% C and 
14.8 H2. Assuming a volumetric efficiency of 76% at 15°C and 1 bar and mechanical 
efficiency of 90%, calculate the indicated thermal efficiency of the engine. Given, 
R = 287 J/kg-K. 20

Q. 3(c) 3 m f  ^  TT̂  TOcR #  t W§ $  W T  #  *FTl i  t  ^  ^T

5 m (dj) ^  f^ rn  ^rn  6 m (d2) 11 f r f f  ?m i ^  0.9 11 ^  ^
WF 1000°C ^  f t e r  500°C T̂T 11 WF W W  WF
ft* W  (i) ^  $  f^MT *RTF 3̂ TT 3T?R̂ r (ii) ^  gir ^  ^  fM ^ I  I
anfft Fj_2 = 0.4.

A boiler furnace of 3 m height is made in the shape of a frustum of a cone with the 
bottom diameter 5 m (dj) and top diameter 6 m (d2). The emissivity of both the surfaces 
is 0.9. The bottom surface is at 1000°C and the top surface is at 500°C. Considering the 
inclined surface is refractory surface, find (i) the radiation heat transfer from the bottom 
to top surface and (ii) the inclined surface temperature. Radiation Shape Factor 
Fj_2 = 0.4. 10

Q. 4(a) ^  'tiZT *#*Td ^Trtef w f t  BcTF ^  15 W  ^  t  I TO

^w ti ^  3rmf^ ^ rn  200 mm ^  100 mm t ,  TO 3ft 3^T  dlMHR
475°C ^  ^T5W#JT F̂ T dIMHH 25°C, TO $ 3 ^  SfrR̂ T PiHfctR^ $  feTQ;
mR+c-H ^ l i r  :

(i) *fSf f^TT

(ii) 60 kmph TrfcT % 7t?t Ft I

3TT^mT TO ^  ^  Tî ef aftcR' HTT t ,  3^T w fo
L = 0.9 dQ ^  t ,  do W ^ r  w f r  11 do 200 mm *TFT cf I F3T ^  y w f  
pTRfcfteT *TPT f  :

k = 4.266 x 10"2 W/m°C; v = 40.61 x 10^ m2/s; Pr = 0.677 

f^ET % ferq (yu|)Rd F^FT) : Nu = 0.036 (Re)08 (Pr)033

e -r fq -o -itp v z 5
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Ufjfcfa ^TF^T % fcKJ :

Nu = 0.54 (Gr. Pr)1/4 ^  (Gr. Pr) < 109 

Nu = 0.10 (Gr. Pr)0 33 (Gr. Pr) > 109.

A 2-stroke motor cycle petrol engine cylinder consists of 15 fins on its outer surface. If 
the outside and inside diameters of each fin are 200 mm and 100 mm respectively, the 
average fin surface temperature is 475°C and the atmospheric air temperature is 25°C, 
calculate the heat transfer rate from the fins for the following cases :

(i) when the motor cycle is stationary;

(ii) when the motor cycle is running at a speed of 60 kmph.

The fin may 'be idealized as a single horizontal plate of the same area, and the significant 
length may be taken as L = 0.9 d0, where d0 is the outer diameter of the fin. Assume d0 
as 200 mm.

The properties of air may be takenas follows : 

k = 4.266 x l;0-2 W/m°C; v = M M  x 10”6 m2/s; Pr -  0.677 

For turbulent flow (forced convection^ Nu » 0.036 (Re)0 8 (Pr)°33 

For natural convection :

Nu = 0.54 (Gr. Pr),/4 if (Gr. Pr) < 109

Nu -  0.10 (Gr. Pr)0 33 if (Gr. Pr) > 109 20

Q. 4(b) XT̂ %  zm v f ^t ^  (Brayton cycle) ^  t,  srftew
^  feR 3Tte^r f^nrr w  t i  ^  sitecrc xp ? t w t ,  ^  z r s m

^̂ rerr P m  t ,  t o  c s ^  w r  i ^  arftew
t£T arj^ncf 3 ^  y = 2 ft fit % 3f^TcR W  3FJTO W  #IT ?

sfhc ^  ^r?T: 0.9 ^  0.8 11

A gas turbine operating on actual simple Brayton cycle is to be designed for maximum 
output. If the maximum and minimum temperatures of the cycle, the efficiencies of 
compressor and turbine are fixed, derive the expression for optimum actual pressure ratio. 
What will be the value of optimum pressure ratio for turbine, if the ratio of maximum 
and minimum temperature is 3 and y -  2 ?

Take efficiencies of turbine and compressor as 0.9 and 0.8 respectively. 20

Q. 4(c) % frR, 3FJW (HUCR) $  m  W
t  afk w r ^ t  i

Explain what do you mean by Highest Useful Compression Ratio (HUCR) for S.I. engines 
and also state its importance. 10
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SECTION—B

Q. 5(a) Wfcid WIT gcTTT 3  AN w f a  ^^TcTT ^  ^?R ^ T  6$V $  I

Justify the suitability of thermostatic expansion valve in comparison to automatic expansion 
valve. 10

Q. 5(b) ^5R if TWIT Tff̂TT ^  TĤT, 3TJ 3TT̂ T, qeMUjuf ^
t, TTTO ^  TTFT TFW^T I

Explain with a neat sketch, how air charge, air consumption, torque and mechanical 
efficiency vary with the range of speed in I.C. engines. 10

Q. 5(c) (i) ^  wr Tifcr ^  ^  -qr ft*R *tn <ttwt *r w f  ^Rctt 1 1 <n*r 25,
5 0 ^  75 mm W  (Hg)x^ *TPT ¥%?T 20 % 160 bar rPF nR^Rfd FtcTT 11 Ppsqi r̂
^  % TTT?T ^R?T TffltT cTT̂ T T̂cTT |

A steam power plant, working on Rankine cycle has constant steam temperature. The 
condenser pressures are 25, 50 and 75 mm of Hg and inlet steam pressure varies 
from 20 to 160 bar. Explain with the help of performance curve and reason how the 
thermal efficiency will vary.

(ii) ^RTT ^  t  ^ R ¥  ¥*rjfor ^T& f  ?

Which are the factors effecting Nozzle efficiency ? 6+4

Q. 5(d) ^  TfteT 3  3^PT^ fagF T̂Tcft t ,  F3T ŷ T%rf 11 ^TF
t o  w #  3^c m  * r «ift # n  3jtr ftct y w

# l t  l T f^T  0.62 *TFT 3fl

Air flows in a circular duct which suddenly contracts in the cross sectional area. Draw 
the flow sketch and locate the points on the sketch where turbulent flpw will occur and 
calculate the dynamic loss co-efficient. Take the co-efficient of contraction as 0.62.

10

Q. 5(e) (Orsat Apparatus) W  t  ? srtr^r ^m'<ul TTO t o  aftr
+l4riu|leff ^  W W  l

What is an Orsat apparatus ? Draw a neat diagram of Orsat apparatus and explain its 
functioning. 10

Q. 6(a) ^  amRc f̂f Tfj&FF -aft 30°C 101.325 kPa, 40% m tm  ^R *tw
f^R <?«TTcr *R 110°C i W  ipf t o r  TOT t  I ^  *nf F*TT T%

w f  ^R w W  «TTcft I  3 t T ? i  9^** 70°C xTTOPT *R 0.5 3TT^f^ 3n̂ TTT *R
Pl'f** 11 *KT*f % 60 kg/min oinfdl (Moisture) F^rf T̂pft t ,  3n^9W F3T

er-*V$-4-7!7D % 7
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<TC kg/min

m  I hg’,r ;c = 2696 12 kJ/kg ^ 1
In a drier operating at steady state atmospheric air at 30°C and 101.325 kPa w th a 
relative humidity of 40% is first heated to 110°C at constan pressure. The heated mr s 
then allowed to pass over the material to be dried and the air leaves the drier at 70 C with 
a relative humidity of 0.5. If it is required to remove 60 kg/mm of moisture from t e 
material, determine the mass flow rate of dry air required in kg/min and the rate

transfer to the air as it passes through the heating unit. Use hg'“ c = 2696.12 kJ/kg.
on
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Q. 6(b) 50% z v t t^ t ^  ̂  ̂  wm-. 35° ̂  20° f  \

f̂ rfcT *f ^ t  TrfrT 1500 rpm t ,  f^T ^T TTTScr « K  0.67 m ^  T̂N araFTT 1.5 

bar 0.96 ^  (dry) 11 TO^eR (i) 3.6 kg/s *rN WtcT % f ^  3TTOTRf> s ^ r r  

(Blading) ^T ff (ii) f^T HTT ^ c T  (Power) I

m3 3
1 .5 b a r^ R  TC vf = 0.001052—  s k  vf = 1.15937—  *nPpfr I

f kg kg

The angles at inlet and discharge of the blading of a 50% reaction steam turbine are 35°

and 20° respectively. The speed of rotation is 1500 rpm and at a particular stage, the mean 

ring diameter is 0.67 m, and the steam condition is 1.5 bar, 0.96 dry. Estimate (i) the 

required height of blading to pass 3.6 kg/s of steam, and (ii) the power developed by the 

ring.

m3 3Assume, at 1.5 bar pressure, vf = 0.001052—  and vfo, = 1.15937— . 20
kg Ig kg

Q. 6(c) MfrRT ^  W  w r f  ^  f  ? % T̂FT fcfM  I

Wfr F tt 3?t WTOT t  w f r *  (Evaporative) I

What are the functions of condenser in a refrigerating machine ? Name different types of 

condensers. Describe with neat sketch the evaporative condenser. 10

Q. 7(a) ^  STOT 40 ystflcH t ,  ^

cfmpr m si: 42° 6°C % *rsr f  i ^  s r t

^  (dry saturated ) 11 ^  ^  SRcTT

% xpr

Temp. "5TW xr^frNt (kJ/kg) T^Fft (kJ/kg-K) (m3/kg)
(°C) ^TT hf hg sf sg
42 1.957 249.7 410.7 1.125 1.6712 0.6975

6 0.5160 — 407.15 1.018 1.687 0.04035

-32 0.0875 — 390.85 0.9178 1.715 0.1665

^  (evaporator’s) cflWM -32°C f̂ TT ^itr eft OT3T T̂cTT, *rftrT
3fk ^ t  mmrn w  s h r  ^ t t  ?



A refrigerating machine, rated to produce 40 tons of refrigeration, is used for air conditioning 

between the; operative temperatures of 42° and 6°C of condenser and evaporator respectively. 

The refrigerant is dry saturated at the end of compressor. Find the capacity of the plant, 

power and capacities of compressor and condenser.

Properties of refrigerant

Temp.
(°C)

Pressure
bar

Enthalpy (kJ/kg) Entropy (kJ/kg-K) Volume (m3/kg)

"r sf S8

42 1.957 249.7 410.7 1.125 1.6712 0.6975

6 0.5160 ---- 407.15 1.018 1.687 0.04035

-32 0.0875 ---- 390.85 0.9178 1.715 0.1665

If the evaporator’s temperature is reduced to -32°C, what will be effect on capacity of 

plant, power and capacities of compressor and condenser ? 20

Q. 7(b) W.3TTt  UWW TTcf 3TCTFTF3T $  3RTT I (Knock)

f^TTFf ^  I

Differentiate between normal and abnormal combustion in SI engines. List out the three 

major knock limited parameters and explain its use in the engine design. 10

Q. 7(c) ^  arfSrcrrft-arwrfr 5^  5 bar 'm  100 m/s ^  1 1 f^nfa

OT 1.5 bar 11 TO ^  S tow  1280 mm2 ^  1600 mm211 TO ^

M ?  (Critical) OT 3FJW 0.58, W  M  W  I ^

^TT 0.973 St ?fr WT ^TT ^  (dryness fraction) WTcT

1 t o r  T-s ^  h-s 1

STFT % TpT

P (kJ/kg) (kJ/kg K) 3TTWT (m3/kg)

(bar) hf sf V vf vfg
5.0 640.23 2108.5 1.8607 4.9606 0.00109 0.3708

2.9 556 2168 1.660 5.344 0.00107 0.6253

1.5 467.11 2226.5 1.4336 5.7897 0.00105 1.158

Dry saturated steam at 5 bar enters a convergent-divergent nozzle at a velocity of 

100 m/s. The exit pressure is 1.5 bar. The throat and exit areas are 1280 mm2 and 

1600 mm2 respectively. Assuming isentropic flow upto the throat and taking the critical



pressure ratio as 0.58, estimate the mass flow rate. If the nozzle efficiency is 0.973, 

determine the exit condition of steam dryness fraction. Show the process on T-s and 

h-s diagrams.

Properties of Steam

p

(bar)

Enthalpy (kJ/kg) Entropy (kJ/kg K) Volume (m3/kg)

h,fg sf sfg vf vfg
5.0 640.23 2108.5 l.8607 4.9606 0.00109 0.3708

2.9 556 2 168 l.660 5.344 0.00107 0.6253

l .5 467.11 2226*5 1.4336 5.7897 0.00105 1.158

20

Q. 8(a) GFdrqitf* W  ^  5.6 MW W  *TR 1.163 MW 11 TO 40 bar 500°C

^rqifer F^T  ^  ^  0.6 bar ^  W R Ft# % I

r n  t  2.0 bar TO fe n  T̂Tcrr t ,  #  (Processor)

2.0 bar KT ^  3  Ft# 11 (i) TOcR #  TO ^c4K+ OTr!T

kg/hr (ii) TOcR ^  ^TT kW (iii) TOeTC ^  ^  fSFT #  t/h

^  #  m%r 25 MJ/kg ^  w i t  88 t ,  (iv )xn rf^

# #  ^wrr, (v) ^  Tffacr #  mtf #  ^  ^  w r  ^  f f e  6°C

I -, >̂pf t  i T-s f̂ T?T «RT^t I

TO % 40 bar 500°C ^  ^7  : v = 0.08643 m3/kg, h = 3445.3 kJ/kg, s = 7.0901 kJ/kgK.

**sat
(bar)

'JHMrH (m3/kg) rr^TTFft (kJ/kg) ft (kJ/kgK)

vf v« s hg sf $g

2.0 0.00106 0.8857 520.72 2712.1 1.5706 7.0878

0.06 0.00101 25.22 149.79 2565.79 0.520 8.335

In a cogenerationrplant, the power load is 5.6 MW and the heating load is 1.163 MW. 

Steam is generated at 40 bar and 500°C and is expanded isentropically through a turbine 

to a condenser at 0.06 bar. The heating load is supplied by extracting steam from the 

turbine at 2.0 bar, which is condensed in the processor device to saturated liquid at 2.0 

bar and then pumped back to the boiler. Compute, (i) the steam generation capacity of the 

boiler in kg/hr, (ii) the heat input to the boiler in kW, (iii) the fuel burning rate of the 

boiler in t/h, if a coal of calorific value 25 MJ/kg is burned and the boiler efficiency is

e-/nr$-4-7r?vG



88 , (iv) the heat rejected to the condenser (v) the rate of flow of cooling water in the 

condenser if the temperature rise of water is 6°C. Neglect pump works. Draw the T-s 

diagram. Properties of steam : At 40 bar 500°C.

v = 0.08643 m3/kg, h = 3445.3 kJ/kg, s = 7.0901 kJ/kgK.

Psnt

(bar)

Volume (m3/kg) Enthalpy (kJ/kg) Entropy (kJ/kgK)

vf vg hf sf sg

2.0 0.00106 0.8857 520.72 2712.1 1.5706 7.0878
i

0.06 0.00101 25.22 149.79 2565.79 0.520 8.335

20
Q. 8(b) t f a r  ^  ^  WTWF t  :

(i) 5 ^  fM tn

(ii) ^  ^  fM ^ r

(iii) ^  tt̂ pt I

Discuss the lubrication of the following engine paFts with the help of neat sketches :

(i) Main bearings

(ii) Cylinder and small end bearing of connecting rod

(iii) Crank and Gudgeon pin. 15

Q. 8(c) Wcf rTcft w m ti Tf, T O  T̂cT % W* 3^TT3fr ^  TOT
Fftft t ;  cznw i

Explain with a sketch how heat is absorbed at various stages from feed water to steam 
generation in water tube boilers. 15


