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MECHANICAL ENGINEERING 

SUBJECT: THERMODYNAMICS, HEAT TRANSFER 
AND RENEWABLE SOURCES OF ENERGY -  SOLUTIONS  

 

01. Ans: (a) 

Sol: Given Ac = 5 cm
2
  

 As = 15 cm
2
,  = 2.5 

 Effectiveness of the fin ()
cA

LP
  

         
c

s

A

A
  

            
5

15
5.2   

              = 0.833 

             = 83.33 % 

 

02. Ans: (d) 

Sol:  

 

 

 

  QE = 
2

earthSC RG  , where Gsc is solar 

constant 

    = 1367(637110
3
)
2
 

    = 1.7410
17

 W  1.810
17

 W 

03. Ans: (d) 

Sol: Wind energy, biomass energy and wave 

energy all of them are indirect methods of 

solar energy utilization. 

 

04. Ans: (b) 

Sol:  

 

 

 

 

 

 For Case: I 

 Heat flux (q) = 












k

L

TT 21  = 

8.0

6.0

TT 21  -------(1) 

 For Case: II 

 Heat flux (q) = 












16.0

x

TT 21 ------------(2) 

 From (1) and (2) 

k=0.8 W/mK k=0.16 W/mK 

x 0.6 m 

T2 

T2 

T1 

q q 

II I 

T1 

SUN Earth 



 

            : 2 :            Mechanical Engg._ Test – 7 _ Solutions 

 

  ACE Engineering Academy Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar|Lucknow|Patna|Bengaluru|Chennai|Vijayawada|Vizag|Tirupati|Kukatpally|Kolkata|Ahmedabad 

 
16.0

x

8.0

6.0
  

    x = 0.12 m 

 

05. Ans: (b)  

Sol: As the gas is heated the pressure remains 

constant (equal to atomospheric pressure) 

and the temperature of the gas goes on 

increasing.  

 Now, PV = mRT 

 So, as temperature increases the volume will 

increase and hence pistons will move to 

right. (As distance moved by pistons are 

same, so volume swapped by right side 

piston is more because its cross sectional 

area is larger). 

 

06. Ans: (b) 

Sol: Process AB  constant P, increasing V  

 increasing T 

 Process BC  isothermal process and 

increasing volume  decreasing pressure. 

 Process CD  constant V, decreasing P  

 decreasing T 

 Process DA  isothermal process and 

decreasing volume.  

 

07. Ans: (b) 

Sol: For cylinder, 

 Tmax – Twall = 
k4

Rq 2

G  

 

08. Ans: (d) 

Sol: Energy balance: 

 Heat released by hot oil = heat gained by 

cold water 

    cicepwwhehipoo TTcmTTcm    

 1000  4.18  (80 – 40) = 5000  4.18  

(Tce – 30) 

 Tce = 38C 

 The exit temperature of cold fluid (38C) is 

less than that of hot fluid (40C). Therefore, 

it may be counter, parallel or cross flow 

heat exchanger.  

 

09. Ans: (a) 

Sol: Surfaces should face equator to get 

maximum insolation. 

  

10. Ans: (c) 

Sol:  

 If a selective coating is put on a flat plate 

collector, its collection efficiency improves. 

 Also, by evacuating the space above the 

absorber plate, the collection efficiency of the 

flat plate collector improves. 
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11. Ans: (b) 

Sol: Emissive power =   intensity of radiation  

 Intensity of radiation = 


powerEmissive
 

 

12. Ans: (c) 

Sol:   

 

 

 

 

 

 

 The straight line AB has negative slope.  

 Just after the start (point A) of process, the 

temperature at point (say A) is more than 

point A and finally the temperature at 

point B (say TB) is equal to that of point 

A. So the temperature first increases and 

then decreases. 

 

13. Ans: (b) 

Sol: At higher temperature heat losses increase.  

Thus, the efficiency of collector decreases 

with increasing temperature. 

 

14. Ans: (d) 

Sol: When a comparison is made in terms of 

maximum efficiency of different types of 

collector, it is found that paraboloid dish 

collector has the maximum.  

15. Ans: (c) 

Sol:   
suppliedHeat

Wactual
th   ----------- (i) 

  lawnd2  = 
reversible

actual

W

W
   ----------- (ii) 

 Now,  Wreversible < Heat supplied 

  2nd law  > th  

 

16. Ans: (b) 

Sol:  

 Thermal conductivity of fin material should 

be large.  

 Fins should be used on the side where heat 

transfer coefficient is small. 

 

17. Ans: (b)  18. Ans: (b) 

 

19. Ans: (c) 

Sol: Number of transfer units   

 - A measure of heat exchanger size 

 Periodic flow heat exchangers   

 -  Regenerators 

 Phase change     

 - Condensers 

 Deposition on heat exchanger surface  

 - Fouling factor  

 

 

 

 

V 

P 
A 

A 
Isothermal 

curve 

B 
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20. Ans: (b) 

Sol:   

 

 

 

 

 

 For Wmax , system should be reversible  

  0
300

W500

1000

500






 

   W = 350 kW 

 

21. Ans: (a) 

Sol: The angle made by the Sun’s rays with 

normal to a horizontal surface is called 

azimuth angle. 

 

22. Ans: (d) 

Sol: The range of variation of azimuth angle is – 

 to . 

 

23. Ans: (c) 

Sol: By using steady flow energy equation 

between starting and end of the duct. 

 21 hmQhm    

 3  1  40 + 10 = 3  1  T2  

 T2  43.3 
o
C 

 

 

 

24. Ans: (a) 

Sol:  

 

 

 

 

 

 4/1)x(  

 
  4/1
x

1
h    

 



1

h   

 

25. Ans: (b) 

Sol: Tilt factor is the ratio of the beam radiation 

flux falling on a tilted surface to that falling 

on a horizontal surface.  

 

26. Ans: (b) 

Sol: The standard emf of the hydrogen-oxygen 

fuel cell is 1.23 V. 

 

27. Ans: (d) 

Sol: Black body  -   =  = 0 

 Gray body -  Emissivity is  independent on 

wave length. 

 Opaque body -  +  = 1 

 White body   -   = 1 

 

 

h 

x x 

 

1000K 

300K 

500 

500 – W 

W 
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28. Ans: (d) 

Sol: The specific heat CP and CV are zero at 

absolute zero temperature. 

 

29. Ans: (a) 

Sol: Light weight is the main factor due to which 

oxygen fuel cells are used for the space 

crafts. 

 

30. Ans: (b) 

 

31.  Ans: (a) 

Sol:   P + F = C + 2  

        1 + F = 2 + 2  

         F = 3 

 

32.  Ans: (b) 

Sol:  From steady flow energy equation 

 h1 + Q = h2 + W 

 h1 = h2 ( Q = W = 0) 

 T1 = T2  

 Entropy change can be calculated as,  

 
1

2

1

2
p12

P

P
nR

T

T
ncss    

 
2

1
12

P

P
nRss    (  T1 = T2) 

 Irreversibility = T0[sgen] 

          
2

1
0

P

P
nRmT    

            









1

1

P75.0

P
nR1300   

          = 








3

4
nR300   

 

33. Ans: (b) 

Sol: Anaerobic oxidation of biomass produces 

methane. 

 

34. Ans: (c) 

Sol: Distillation of the vegetable oil produces bio 

diesel. 

 

35. Ans: (b) 

Sol:     

 

 

 

 

 

 For water, Cw = 
wpw C.m   

                 = Av  
wpC = 1000  









60

02.0
4 

  Cw = 
60

80
 kW/K 

 For oil, Co = 
opo C.m   

    = Av  
wpC = 800  









60

05.0
2 

 Co =
60

80
kW/K 

The=50C 

Tci=20C 

2=30C 

water 

oil 

1=30C 

Thi=80C 

Tce=50C 
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 When, Cmin = Cmax  1
C

C
C

max

min   (every 

where the temperature difference will be 

same) 

 LMTD  = 1 = 2 = 30C  

 Tce = Thi – LMTD   = 80 – 30  

 Tce = 50C 

 

36. Ans: (c) 

Sol: Local Nusselt number for laminar free 

convection, Nux = C(Gr.Pr)
1/4

  

 
4

1

2

3

x Pr.
Txg

CNu 











   

 4

3

x x
k

x.h
  

 4/1

x xh   

 4

1

1x xch


  

 4

1

1Lx Lch



   

 Average heat transfer coefficient  

     h  = 
L

0

x dxh
L

1
  

          = 


L

0

4

1

1 dxxc
L

1
 

         = 4

3

1 L
3

4

L

c
  

         = 4

1

1 L.c.
3

4


 

  xh
3

4
h   

 

37. Ans: (d) 

 

38.  Ans: (a) 

Sol:  (dS)Surr= 
T

Q
 

T

RtI2

 

          = K/J120
300

25602




 

39. Ans: (d) 

Sol: Thermodynamic properties are defined only 

when system is in complete thermal, 

mechanical and chemical equilibrium (i.e., 

thermodynamic equilibrium) 

 

40. Ans: (d) 

Sol: All of the factors mentioned, in the options 

do affect the distribution of wind energy. 

 

41. Ans: (b) 

Sol:   

 

 

 

 Dimensionless temperature gradient at the 

wall = Nusselt number = 1000 

 Nu = 1000 

 1000
k

xh



 

x=1.5 m 
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 1000
6.0

5.1h



 

 
5.1

6.01000
h


  = 400 W/m

2
.K 

 

42. Ans: (a) 

Sol:  Let Le, h  hydrodynamic entrance length. 

 Le, t  thermal entrance length. 

 D  diameter of the tube. 

 D
h,e

Re05.0
D

L
  

 Pr.Re05.0
D

L
D

t,e
  

 Pr
L

L

h,e

t,e
  

 If Pr > 1 

 (thermal entrance length) > (Hydrodynamic 

entrance length) 

 If Pr < 1 

 Thermal entrance length < Hydrodynamic 

entrance length. 

 

43. Ans: (b) 

Sol: On P-v diagram triple point is a line. 

 

44. Ans: (c) 

Sol:  

 Availability is a measure of work 

potential which can never be negative. 

 Exergy of an isolated system will always 

decrease. 

 

45. Ans: (a) 

Sol: In forced connection 

 Nusselt number (Nu) = f(Re,  Pr) 

 Heat transfer coefficient (h) = f(Re, Pr, k/l) 

 In free convection, Nu = f(Gr, Pr) 

 Heat transfer coefficient (h) = f(Gr, Pr, k/l) 

 

46. Ans: (d) 

Sol:  

 Effectiveness of the fin () = 
hA

Pk
 

        
h

1
  

 Fin will be more effective when it is 

provided in lower heat transfer coefficient 

environment. 

 So, in a liquid to gas heat exchanger, fins 

should be provided in gas side.  

 Efficiency of the long fin 

   
mL

1
 = 

L.
kA

Ph

1

c

 

   
h

1
  
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47. Ans: (d) 

Sol:   

 Because of dissipative effects involved in 

irreversible processes the efficiency of 

reversible engines is more than that of 

irreversible engines. 

 rev > irreversible 

 The efficiency of all reversible heat 

engines operating between source 

(temperature TH and sink temperature TL) 

is given by 
H

LH

T

TT 
. 

 All spontaneous processes are irreversible. 

    

48. Ans: (c)  

Sol: Work done by the system depends on the 

change in volume during the process. Since 

in this process the volume is continuously 

increasing, so work done by the system is 

positive  

 Also PV =  mRT 

 As  pressure and volume increase, 

temperature also increases.  

 

49. Ans: (a) 

Sol:  

 For the plane wall: 

  

 

 

 Thermal resistance (Rth) = 
Ah

1

A.k

L

oins

  

 As,  L ↑   Rth ↑ 

 Adding more insulation on plane wall, will 

always increase the heat transfer rate. 

  Critical radius of insulation  
o

ins
c

h

k
r   

 if   ho ↑ rc ↓ 

 (rc)forced convection <<(rc)free convection          [∵  

hforced convection >>hfree convection] 

  For the cylindrical surface, heat transfer rate 

increases upto critical radius of insulation 

after critical radius of insulation, heat 

transfer rate decreases. 

 

50. Ans: (c) 

Sol: Thermal diffusivity of a substance is 

defined mathematically as  

   
pc

k


  

 Thermal conductivity physically signifies 

the ability of substance to conduct heat, 

while cp physically signifies the ability of a 

substance to store thermal energy.  

Therefore, thermal diffusivity of a 

substance physically signifies the ability of 

the substance to conduct heat relative to its 

ability to store thermal energy.  

 

 L 

(k)ins 

Wall Insulation 

ho, T 
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51. Ans: (c)  

Sol: 

 for an ideal gas enthalpy is a function of 

temperature only so during isenthalpic 

process temperature remains constant  

 T is greater for isochoric process (for same 

s) since constant volume process has 

greater slope than constant temperature 

process on T-s diagram  

 

 

 

 

 

 

52. Ans: (b)  

Sol:  

 

 

 

 

 Let it be assumed that two reversible 

adiabatics AC and BC intersect each other 

at point C. Let a reversible isotherm AB be 

drawn in such a way that it intersects the 

reversible adiabatics at A and B. The three 

reversible processes AB, BC and CA 

together constitute a reversible cycle, and  

the area included represents the net work 

output in a cycle. But such a cycle is 

impossible, since net work is being 

produced in a cycle by a heat engine by 

exchanging heat with a single reservoir in 

the process AB, which violates the Kelvin-

Plank statement of the second law of 

thermodynamics.  

 It is impossible to construct a perpetual 

motion machine of the second kind.  

 

53. Ans: (a) 

Sol: Total emissive power =  dE  

            = Area under the diagram 

            = 100  5 + 200  5 + 100  5 

            = 2000 W/m
2
 

 

54. Ans: (d) 

Sol: Overall heat transfer coefficient: 

 
ho

i

cc h

1

r

r

h

1

U

1
  

       = 
200

1

13

10

8000

1
  

       = 259.96 W/m
2
K 260 W/m

2
K 

 

55. Ans: (b) 

Sol: The desired fraction (f) is 

 








1

C

C

dTnC

dTnC

Q

U
f

p

v

p

v  

 
5

3
f     ( for mono-atomic gas  = 

3

5
) 

 

 

s 

T constant volume 

process  

constant pressure 

process  

Reversible Isotherm 

Reversible adiabatic 

v 

P 

A 
B 

C 
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56. Ans: (b) 

Sol: Properties are point functions because, 

change of property between two given state 

points independent of the path joining them. 

 

57. Ans: (d)  

Sol: AT critical point hfg = 0, sfg= 0, vfg= 0,  

ufg = 0 

 

58. Ans: (c) 

Sol: F1-2 = 1 (from the geometry) 

 F1-1 = 0 

 From reciprocity theorem: 

 A1F1-2 = A2F2-1 

 F2-1 = 64.0
50

40

r4

r4

A

A
2

2

2

2

1

2

1 












  

 Using summation rule: 

 F2-1 + F2-2 = 1  F2-2  = 1 – 0.64 = 0.36. 

 

59. Ans: (c) 

Sol: Since any surface cannot store any thermal 

energy, the rate of heat that is transferred to 

the surface by conduction must be same as 

the rate of heat transferred to the air by 

convection and radiation.  Heat transfer 

coefficient may vary with time and 

accordingly the temperature gradient will 

change.  

 

 

 

60. Ans: (c) 

Sol:  

 Controlled or restricted expansion or 

compression can approach reversibility. 

 Mixing of different substance, chemical 

reactions and application of brakes for 

stopping of vehicle are irreversible 

processes. 

 

61. Ans: (d) 

Sol: Addition of heat at constant pressure results 

in raising the temperature of gas and doing 

external work as volume is increased. 

 

62. Ans: (a) 

Sol: Wind energy is harnessed as mechanical 

energy using wind mill or turbine.  

 

63. Ans: (d) 

 

64. Ans: (b) 

Sol: Clausius-Clapeyron equaion is applicable to 

any phase-change process that occurs at 

constant temperature and pressure and it is 

derived from Maxwell equation: 

TV V

s

T

P

























. 
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65. Ans: (c) 

Sol: In laminar forced convection through tubes, 

Nusselt number is constant and equal to 

4.36 for constant heat flux condition.  

 

66. Ans: (b) 

 

67. Ans: (c) 

Sol:  

 At critical point of a pure substance there 

is no constant temperature vaporization 

process. 

 The ice directly converts from solid phase 

to vapor phase at a pressure below the 

triple point value and the process is called 

sublimation. 

 

68. Ans: (b) 

Sol: Fourier Law of heat conduction is 

 
dx

dT
kAQ   

 It is applicable for all matters. 

 It is a law based on experimental 

observations ( No mathematical proof). 

 

69. Ans: (d) 

 

 

 

 

70. Ans: (a)  

Sol:  

 

 

 

 

 

Energy balance :  

given, 
hc PhPc CmCm    

   
21h12c hhPhccPc TTCmTTCm    

 
12 cc TT   <  

21 hh TT      

 
hc PhPc CmCm    

For  
12 hc TT     

11 ch TT   <  
21 hh TT   

but from the figure,  

Th1 – Tc1 > Th1 – Th2   

That’s why, it is impossible that exit 

temperature of cold fluid be equal to inlet 

temperature of hot fluid.  

 

71. Ans: (c) 

 

72. Ans: (a) 

Sol: For lumped capacity analysis: 

 Internal conductive resistance is negligible 

as compared to the external convective 

resistance. 

 Biot number < 0.1 

 Smaller body with higher thermal 

conductivity. 

Cold Fluid 

Hot Fluid 

Th2 

Tc1 

Th1 

(Th1 – Th2) 

(Th1 – Tc1) 
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73. Ans: (d) 

 

74. Ans: (c) 

Sol:  The exergy of a system is zero when it is in 

complete thermal as well as mechanical 

equilibrium with the surroundings. Also it 

has no kinetic or potential energy relative to 

the environmental and it does not react with 

the environment.  

 

75. Ans: (a) 
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