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3
rd

 Semester Regular Examination 2016-17 

APPLIED THERMAL ENGINEERING 
BRANCH: MECH (Minor) 

Time: 3 Hours 

Max Marks: 100 
Q.CODE: Y775 

Answer Part-A which is compulsory and any four from Part-B. 
The figures in the right hand margin indicate marks. 

  
Part – A (Answer all the questions) 

Q1  Select the correct one from the given options: (2 x 10) 
 a) The entropy of a system 

A) can never decrease    B) can never increase    C) may increase or 
decrease D) will always remain constant 

 

 b) The  working  principle  of  refrigerator  based  on ------- law  of 
thermodynamics. 

 

 c) The second law (ɳII) is related to first law efficiency (ɳI) by expression --   
 d) The theoretical thermal efficiency of Otto cycle  

A)  Increases  with  increase  in  compression  ratio      B)  increases  with 
increase  in  isentropic  index (γ)   C) is independent on pressure ratio   
D) follows all the above. 

 

 e) With increase in clearance volume, the ideal work of compressing 1 kg 
of air  
A) increases   B) decreases   C) remain same  D) first increases than 
decreases 

 

 f) Which  of  the  following  as  referred  to  steam  boiler  are  defined  as 
mountings 
A) super heater  B) economizer  C) pre heater  D) fusible plug 

 

 g) The critical pressure ratio of a convergent nozzle is defined as -------- .  
 h) In case of impulse turbine the pressure of the steam as it passes on the 

moving blades from entry to the exit  
A)  increases      B)  decreases      C)  remain  same      D)  may  increase  or 
decrease depending upon quality of entry steam. 

 

 i) For forced convection Nusselt number is a function of --------.  
 j) Electrolux refrigerator has the following working substances 

A) hydrogen    B) ammonia and hydrogen    C) ammonia, hydrogen and 
water   D) ammonia and water. 

 

    
Q2  Answer the following questions in brief: (2 x 10) 

 a) What do you mean by 2nd law efficiency?  
 b) Compare between  Otto  and Diesel  cycle with  same compression  ratio 

and heat rejection. 
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 c) What do you mean by entropy generation and what will be its value for 
a reversible process? 

 

 d) What  are  the  difference  between  air  breathing  and  non  air  breathing 
engine? 

 

 e) What are the limitations of single stage compressor?  
 f) What do you mean by dryness fraction and how it is measured?  
 g) Why the expansion of steam in a nozzle is not a throttling process?  
 h) What is the difference between impulse and reaction turbine?  
 i) Should we think convection without conduction, if not why?  
 j) Why  the  COP  of  vapour  compression  cycle  is  greater  than  vapour 

absorption cycle? 
 

    
  Part – B (Answer any four questions) 

 
 

Q3 a) A  200  m
3
 rigid  tank  contains  compressed  air  at  1  MPa and  300  K. 

Determine  how  much  work  can  be  obtained  from  this  air  if  the 
environment conditions are 100 kPa and 300 K.      
                                                                                                                       

(10) 

 b) Derive the expression of availability for open system. (5) 
    

Q4 a) An  air standard  dual  cycle  has  a  compression  ratio  of  16  and 
compression begins at 1 bar, 500 C. The maximum pressure is 70 bar. 
The  heat  transferred  to  air  at  constant  pressure  is  equal  to  that  at 
constant  volume.  Estimate  (A)  The  pressure  cardinal  points  of  the 
cycle.  (B)  The  cycle  efficiency  (C)  The  m.e.p  of  the  cycle.  Take  CV  = 
0.718kJ/kg-K, CP = 1.005 kJ/kg-K. 
 

(10) 

 b) Derive air standard efficiency for dual cycle. (5) 
   

 
 

Q5 a) Derive the volumetric efficiency of a single stage air compressor. 
 

(5) 

 b) A  single  acting  two  stage  compressor  with  complete  inter  cooling 
delivers 6kg/min of air at 16 bar. Assuming an intake at 1 barand 15

0
 C 

and compression and expansion with the law PV1.2 = C,  
Calculate  (I)the  power  required  to  run  the  compressor  at  420rpm.(II) 
isothermal efficiency.(III) if clearance ratios for LP and HP cylinder are 
0.04  and  0.06,  calculate  volumetric  efficiency  and  swept  volume  for 
each cylinder. 
 

(10) 

    
Q6 a) Derive the efficiency of a nozzle considering the effect of friction. 

 
(5) 

 b) Dry saturated steam with an initial pressure of 11 bar is expanded in a 
groove of convergent-divergent nozzle at the rate of 6 kg/sec. The back 
pressure  is  1.5  bar.  The  nozzle  efficiency  is  90%  and  approximate 
throat section of each nozzle is estimated to be 1 cm

2
.  

Find out the number of nozzles and exact throat and exit area. Negates 
the effects of super saturation. 
 

(10) 
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Q7 a) Derive the blade efficiency for single stage impulse turbine. 
 

(5) 

 b) The  mean  diameter  of  the  blades  of an  impulse  turbine  with  a  single 
row  wheel  is 100 cm and the speed is  3000 rpm. The nozzle  angle is 
180, the ratio of blade speed to steam speed is 0.42 and the ratio of the 
relative  velocity  at  the  out  late  from  the  blades  to  that at  inlet  is  0.84. 
The out let angle of the blade is to be made 30 less than the inlet angle. 
The steam flow is 8 kg/sec. Find out the followings: 
(I) resultant thrust on the blades (II) tangential thrust on the blades  (III) 
axial  thrust  on  the  blades    (IV)  power  developed  on  the  blades  (V) 
blade efficiency. 

(10) 

    
Q8 a) Derive the heat transfer equation for a sphere. 

 
(5) 

 b) A hollow cylinder 5 cm inner diameter and 10 cm outer diameter has an 
inner surface temperature of 2000 C and an outer surface temperature 
of 100

0
 C. Determine the temperature of the point half way between the 

inner and the outer surfaces. If the thermal conductivity of the cylinder 
material  is  70  watt/m-k,  determine  the  heat  flow  through  the  cylinder 
per meter.  

(10) 

    
Q9 a) Derive the COP of vapour compression cycle with wet compression. 

 
(5) 

 b) A refrigerating plant works between temperature limits of -50 C and 250 
C.The working fluid ammonia has a dryness fraction of 0.62 at entry to 
compressor.  If  the  machine  has  a  relative  COP  of  55%,  calculate  the 
amount of ice formed during a period of 24 hrs. The ice is to be formed 
at  00  C  from  water  at  150  C  and  6.4  kg  of  ammonia  is  circulated  per 
minute. Specific heat of water is 4.187 kJ/kg-K and latent heat of ice is 
335 kJ/kg 
Properties of ammonia 

Temp. 
0C 

Liquid heat 
kJ/kg 

Latent heat 
kJ/kg 

Entropy of liquid 
kJ/kg-K 

25 298.9 1167.1 1.124 

-5 158.2 1280.8 0.63 
 

(10) 

 

 

 

 

http://www.bputonline.com

http://www.bputonline.com


