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M E C H A N I C A L E N G I N E E R I N G 

M E 7301 E N G I N E E R I N G T H E R M O D Y N A M I C S 

(Regulat ion 2 0 1 5 ) 
( U s e of S t e a m tab les , Mollier & Psychromet r i c chart permitted) 

T i m e : 3 Hours A n s w e r A L L Ques t ions Max. Marks 100 

P A R T - A ( 1 0 X 2 = 2 0 M a r k s ) 

1 . D r a w a schema t i c of PMM- I . 

2 . Mention two d i f ferences between work and heat t ransfer. 

3 . R e p r e s e n t reve rsed Carnot cyc le on p-v and T - s p lanes . 

4 . L is t a t least two r e a s o n s for irreversibil ity of a thermodynamic p r o c e s s . 

5. Def ine d ryness fraction of s t e a m ? 

6. Def ine sens ib le hea t and latent heat . 

7. Wr i te down the v a n der W a a l ' s relat ion. How is it different from equat ion uf s ta te? 

8. Def ine reduced temperature and reduced p ressu re . 

9. Mention one application of Dal ton's law. 

10. Def ine d e w point temperature. 

P A R T - B ( 5 x 1 3 = 6 5 M a r k s ) 

11 .a) A t the inlet to a certa in nozz le the enthalpy of fluid pass ing is 2800 k J / k g , and the veloci ty is 

5 0 m/s. At the d ischarge end the enthalpy is 2 6 0 0 k J / k g . T h e nozz le is horizontal and there 

is negligible heat loss from it. (i) F ind the velocity at exit of the nozz le , (ii) If the inlet a r e a is 

9 0 0 cm^ and the spec i f ic vo lume at inlet is 0 .187 m^/kg, find the m a s s flow rate.(ii i) If the 

spec i f ic vo lume at the nozzle exit is 0 .498 m^/kg, f ind the exit a rea of nozzle. 

( O R ) 

^ ^ T h e internal energy of a certain s u b s t a n c e is g iven by the equation u=3.56 pv+90 w h e r e u is 

in k J / k g , p is in k P a , and v is in m^/kg. A s y s t e m compris ing of 3 .5 kg of th is subs tance 

e x p a n d s from an initial p ressu re of 5 0 0 k P a , a n d a vo lume of 0 .25 m^ to a f inal p ressu re of 

100 k P a in a p rocess in wh ich p ressu re and vo lume a re related by pv^-^^=constant F i n d the 

heat t ransferred, c h a n g e in internal energy and work done for the p rocess if the expans ion 

is quas i stat ic. If there is 32 k J heat t ransfer during the p rocess , f ind c h a n g e in internal 

energy a n d work done. 



12.a) A revers ib le heat engine opera tes between two reservo i rs at temperatures 700°C a n d ^ ° C . 

T h e engine dr ives a revers ib le refrigerator wh ich opera tes between reservo i rs at 

temperatures of 50°C and - 25°C. T h e heat t ransfer to the engine is 2 5 0 0 k J and the net 

work output of the combined engine refrigerator plant is 4 0 0 k J . (i) Determine the heat 

t ransfer to the refrigerant and the net heat t ransfer to the reservoi r at 50°C ; (ii) Recons ide r 

(i) given that the eff ic iency of the heat engine and the C O . P . of the refrigerator a re e a c h 4 5 

per cent of their max imum possib le va l ues . 

( O R ) 

b i) A n iron cube at a temperature of 400°C is dropped into an insulated bath containing 10 kg 

water at 2 5 ° C T h e water finally r e a c h e s a temperature of 50°C at s teady s ta te . G i ven that 

the speci f ic heat of water is equa l to 4 1 8 6 J / k g K. F ind the entropy c h a n g e s for the iron 

cube and the water . Is the p rocess revers ib le ? If so w h y ? (5+4) 

ii) Brief ly d i s c u s s about the inequality of C l a u s i u s . ( 4 ) 

13. a) i ) A v e s s e l having a capac i ty of 0 .05 m^ conta ins a mixture of saturated water and saturated 

s team at a temperature of 2 4 5 ° C T h e m a s s of the liquid present is 10 kg. F ind the following 

: (i) T h e p ressu re , (ii) T h e m a s s , (iii) T h e spec i f ic vo lume, (iv) T h e speci f ic enthalpy, (v ) T h e 

speci f ic entropy, a n d (vi) T h e spec i f ic internal energy. (10 ) 

ii) Def ine critical point and latent heat of fusion. ( 1 . 5 x 2 ) 

( O R ) 

b)i) In a s t eam turbine s team at 20 bar, 360°C is expanded to 0.08 bar. It then enters a 

condenser , w h e r e it is condensed to saturated liquid water . T h e pump f e e d s back the water 

into the boiler. A s s u m e ideal p r o c e s s e s , find per kg of s t eam the net work a n d the cyc le 

eff iciency. (8) 

ii) Brief ly d i s cuss the reheat and regenerat ive techn iques in R a n k i n e cyc le . (5) 

14. a i) Start ing from the I law of thermodynamics der ive the 1^ ' and 2" ' ' T d s equat ions. Deduce the 

Maxwel l ' s relation from the T d s equat ions. (8) 

ii) D raw inversion curve and d i s c u s s briefly about the J o u l e - T h o m s o n exper iment . 

(2+3) 

( O R ) 

b i) Desc r ibe the J o u l e - T h o m s o n ' s inversion curve with a schemat i c . Mention the s ign i f icance of 

it and its appl icat ions. (7+3) 

ii) Wri te down the C laus ius -C lapey ron equation and mention its s ign i f icance. (3 ) 

15. a) i ) A g a s mixture conta ins 3 kmol of C O 2 , 4 kmol of O2, and 5 kmol of N2 at 2 0 0 k P a and 2 9 5 K. 

Ca lcu la te the mole fraction, m a s s fraction, a n d pari:ial p r e s s u r e s of e a c h consti tuent. A lso 

determine the molar m a s s , g a s constant , vo lume and densi ty of the g a s mixture. T a k e molar 

m a s s of CO2, O2, and N2 a s 44 , 32 and 28 kmol respect ively. (8) 



O n e kg of CO2 h a s a volume of 1 m^ at 100°C. Compute the p ressu re by (i) V a n der W a a l s 

equat ion (ii) Per fec t g a s equat ion. T h e va lues of a and b for CO2 a r e a = 362850 Nm'^/(kg-

molf and b = 0 .0423 m^/kg-mol. R = 8 3 1 4 Nm/kg-mol K (5) 

( O R ) 

b)i) 120 m^ of air per minute at 35°C D B T and 5 0 % relative humidity is cooled to 20°C D B T by 

pass ing through a cooling coil . Determine the following : ( i ) Re la t ive humidity of out coming 

air and its wet bulb temperature, (ii) Capac i t y of cooling coil in tonnes of refrigeration, (iii) 

Amount of water vapour removed per hour. ( 10 ) 

ii) R e p r e s e n t the adiabat ic saturat ion p rocess in psychrometnc chart. (3) 

P A R T - 0 ( 1 x 1 5 = 1 5 M a r k s ) 

16. i) In a n air compresso r air f lows s teadi ly at the rate of 0.5 kg/s through an air compressor . It 

en ters the compressor at 6 m/s with a p ressure of 1 bar and a spec i f i c vo lume of 0 .85 m^/kg 

and l e a v e s at 5 m/s with a p ressu re of 7 bar and a spec i f ic vo lume of 0.16 m^/kg. T h e 

internal energy of the air leaving is 90 kJ / kg greater than that of the air enter ing. Cool ing 

wa te r in a jacke t surrounding the cyl inder abso rbs heat from the a i r at the rate of 60 k J / s . 

Ca lcu la te : (i) T h e power required to drive the compresso r ; (ii) T h e inlet a n d output pipe 

c ross-sec t iona l a r e a s . Draw a s c h e m a t i c of the s a m e . (9 ) 

ii) A cyl inder conta ins 0.45 m^ of a g a s at 1 x 10^ N/m^ and 80°C. T h e g a s is c o m p r e s s e d to a 

vo lume of 0.13 m^, the final p ressu re being 5 x 1 0 ^ N/m^. Determine : (i) T h e m a s s of g a s ; 

(ii) T h e va lue of index 'n ' for compress ion ; (iii) T h e i nc rease in internal energy of the g a s ; 

( iv) T h e heat rece ived or rejected by the gas during compress ion . T a k e y = 1.4, R = 294 .2 

J /kg°C. (6) 


