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PART A 

(Maximum marks: 10) 

I.  Answer all questions in one or two sentences. Each question carries 2 marks 

1. Define specific heat of gas at constant pressure and specific heat of gas at constant volume? 

Specific heat at constant pressure (Cp): The amount of heat required raises the temperature of unit 

mass of the substance by unit degree, when it is heated at constant pressure.  

Specific heat at constant volume (Cv): The amount of heat required raise the temperature of unit 

mass of the substance by unit degree, when it is heated at constant volume. 

 

2. List two types of brake dynamometer used for measuring brake power? 

a) Rope brake dynamometer  b) Prony brake dynamometer 

 

3. Define dryness fraction of steam? 

It is the ratio of the mass of actual dry steam to the mass of same quantity of wet steam 

             𝑥 = mg/(mg+mf)= mg/m 

    mg = mass of actual dry steam 

   mf = mass of water in suspension 

    m = mass of wet steam (mg+mf) 

 

4. State Stefan-Boltzmann law? 

It states that the amount of heat energy emitted or absorbed per unit area black body at a 

temperature per second is given by 

             Eb = 𝜎 𝑇4 

   Where, 𝜎 =  Stefan − Boltzmann  constant = 5.67 x 10-8 W/m2K 
                 T =    Absolute temp 

 

5. Define volumetric efficiency of a reciprocating air compressor? 

It can be defined as the ratio of actual volume of air drawn per stroke at STP to the stroke 

volume. 
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PART B 

(Maximum marks: 30) 

II. Answer any five of the following questions. Each question carries 6 marks. 

1. Derive the characteristic gas equation? 

Characteristic gas equation 

Consider a process 1-2 ,with an initial condition P1 ,V1& T1 and the final condition as P2, V2& T2  also 

there is a intermediate point A such that  

1 – A is constant temp. Process and  

A – 2 is constant pressure process 

P1V1 = PA VA      [Boyles law] 

             PA =  P2 

VA = P1V1/P2    ………………………………………………… (1) 

VA/TA = V2/T2 [Charles law] 

  TA = T1 

So 

VA = V2 T1 / T2   ………………………………………………… (2) 

From equations 1 & 2 

 P1V1/P2 = V2 T1/T2 

i.e.   P1V1/T1 = P2V2/T2 

So PV/T = constant 

PV/T = m R 

PV = mRT 

R = gas constant 

RU = universal gas constant =mR 

 

2. Explain Otto cycle with P-V diagram? 
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 The point 1 represents that cylinder is full of air with volume V1, pressure p1 and absolute temperature 

T1. 

 Line 1-2 represents the adiabatic compression of air due to which p1, V1 and T1 change to p2, V2 and T2, 

respectively. 

 Line 2-3 shows the supply of heat to the air at constant volume so that p2 and T2 change to p3 and T3 (V3 

being the same as V2). 

 Line 3-4 represents the adiabatic expansion of the air. During expansion p3, V3 and T3 change to a final 

value of p4, V4 or V1 and T4, respectively. 

 Line 4-1 shows the rejection of heat by air at constant volume till original state (point 1) reaches. 

 Heat supplied at constant volume = Cv (T3 – T2). 

 Heat rejected at constant volume = Cv (T4 – T1). 

 But, work done = Heat supplied – Heat rejected 

                                  = Cv (T3 – T2) – Cv (T4 – T1) 

 

Efficiency = 
𝑾𝒐𝒓𝒌 𝒅𝒐𝒏𝒆

𝑯𝒆𝒂𝒕 𝒔𝒖𝒑𝒑𝒍𝒊𝒆𝒅
 = 1 - 

T4 – T1

T3 – T2
 

  

 η= 1 – (1/ rγ-1) 

3. Explain the concept of black body? 

 A perfect black body absorbs all the radiations falling on it at all temperatures 

 A black body considered to absorb all incident radiations from all directions at all wave 

length without reflecting, transmitting or scattering it. 

 A black body is perfectly black to thermal radiations to all wave lengths from ƛ=0 to ƛ=ά 

 Absorptivity of black body(αb) is independent of temp 

 For a black body emissivity is equal to absorptivity (ɛ =α) 

 

4. Define:  (a) Indicated power (b) Brake power? 

Indicated Power 

It is the power developed inside the engine cylinder during power stroke 

           Indicated Power = 𝑃m l a n k/60 

             Where,  Pm = Indicated mean effective pressure in KW 

                             l = Length of stroke in meter 

                             a = Area of piston in m2 

                             n = Number of power stroke  

                             k = Number of cylinder 
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Brake Power 

It is the amount of useful work available from an engine, i.e. it is the output of an engine 

           Brake Power = 2πNT/60 

Where N = Speed of the engine rpm 

              T = Torque in KNm 

 

 

5. Explain the formation of steam with the help of temperature–enthalpy curve? 

 

 

 
 

 

 Consider 1kg of at a temp: - 10° c which is below the freezing point. 

 Let it heated at constant pressure p and temperature of ice starts increasing until it 

reaches the melting temp of ice, o° c. 

 Then it absorbs latent heat and converted to water at the same temp 

 If the heating continued the temperature of water starts rising until it reach the boiling 

temp: or saturation temp: corresponding to pressure p. It is the latent heat absorbed by 

the water.  

 So the temperature remains constant, then the temp again rises the steam formed 

become superheated 
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6. Draw and explain the temperature profiles of parallel flow and counter flow heat exchangers. 

 

 

         
 

    

 

Parallel flow heat exchanger 

         In this type of heat exchanger hot and cold fluids enters at the same end of the Heat 

Exchanger. Both fluids flow in the same direction and leave together at the other end. 

Counter Flow Heat Exchanger 

         In this type of heat exchanger hot and cold fluids enters at the opposite end of heat 

exchanger and flow through in the opposite direction. 
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7. State six uses of compressed air? 

1. Operating pneumatic tool 

2. Driving mining tool 

3. Operate air brakes 

4. Super charge IC engines & to inject fuel. 

5. Inflate tires 

6. Spray painting 

7. Cleaning the machines  

8. Injection molding process 

9. Sandblasting in machine shops 

 

PART C 

(Maximum marks: 60) 

                          (Answer one full question from each unit. Each full question carries 15 marks.) 

III. (a) Explain Quasistatic process with the help of P –V diagram?  
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                   When the process is carried in such a way that at every instant the system deviates from the 

thermodynamic equilibrium is infinitesimal, and then the process is known as quasi-static. Consider the 

gas is enclosed in a cylinder piston arrangement.  

The system initially in equilibrium at A. The weight w of the piston is composed of number of small 

weights, which balances upward force exerted by the system. If the whole weight is removed one by 

one slowly, then at any instant the upward movement of the piston, the deviation from thermodynamic 

equilibrium will be infinitesimally small. Every state the system passed will be equilibrium points passed 

through the system is known as quasi-static process.      

III. (b) A Gas having initial pressure, volume, temperatures 275 kN/m2, 0.09m3 and 185°c respectively, is 

compressed at constant pressure until its temperature is 15°c. Calculate the amount of heat transferred 

and work done during the process. Take R = 290 J/kgK and Cp = 1.005 KJ/kgK. 

a) Amount of heat transferred  

We know that,   P1V1=MRT1 

                              m = P1V1/RT1 = 275 x 103 x 0.09/290 x 458 

                                   = 0.186 kg 

So, Heat transferred (Q1-2) = mCp (T2-T1) 

                                                = 0.186 x 1.005(288-458) 

                                                = -31.78 KJ 

b) Work done during the process 

      Work done (w1-2) = P (v2-v1) 

      We know that V1/T1 = V2/T2 

 So, V2 = V1/T1 x T2 = 0.09 x 288/458 = 0.056 m3 

Work done = 275 x 103(0.056 – 0.09) = -9350 J 

                      = -9.350 KJ    

The negative (-) sign indicates the work is done on the gas.                                                                          

IV. (a) Illustrate the isothermal process with the help of P-V diagram? 

              



SOLVED QUESTION PAPER 
 

9 
                                                                                                                                               Anand.r (Lecturer in ME) 

      A process, in which the temperature remains constant during its expansion or compression, is called 

constant temperature process or isothermal process. 

In an isothermal process 

 There is no change in temperature. 

 There is no change in internal energy. 

 There is no change in enthalpy. 

IV. (b) A quantity of gas has a pressure of 350kPa When its volume is 0.03m3 and temperature is 35°C. If 

R=0.29kJ/kgK for this gas, determine the mass of the gas present. If the pressure is increased to 1MPa 

while volume remains constant, Find out new temperature? 

        Given Data 

           Pressure P1 = 350 KPa = 350 KN/m2 

                          V1 = 0.03m3 

                           T1 = 35+273=308K 

a) We know that characteristic gas equation , PV = mRT 

                              So, mass of gas (m) = PV/RT 

                                                              = 350 x 0.03/0.29 x 308  

                                                              = 0.1175 kg 

b) Final temperature 

              We know P1/T1 = P2/T2 

                   So, T2 = T1P2/P1 

                                            = 308 x 1 x 106/350 x 103 = 880K 

                         T2 = 880-273=607°C 

  

V (a) Derive the expression for air standard efficiency of Carnot cycle? 
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     Process 1 – 2: (isothermal expansion):  

 

                 A hot body brought to the bottom of cylinder, heat is added at constant temperature. 

 volume changes from  V1 to V2 

 pressure changes from P1 to P2 

 entropy changes from S1 to S2 

 temperature remains constant  

Heat supplied, Q 1-2 = P1V1 log 𝑒
[

𝑉2

𝑉1
] 

                                                    = mRT1 log r 

                              Q1 – 2 = 2.3 mRT1 log r -------❶ 

Process 2 – 3: (isentropic expansion): 

   The hot body is removed, and a insulating cap (ic) is placed on the bottom of cylinder 

 volume changes from  V2 to V3 

 pressure changes from P2 to P3 

 Temperature changes from T2 to T3 

 entropy  remains constant  

Decrease in internal energy =  
𝑃2𝑉2−𝑃3𝑉3

𝛾−1
 

                                       = 
mrT2−mrT3

γ−1
 

                                       = 
mr[T2−T3]

γ−1
                                                        

                                       = 
mr[T1−T3]

γ−1
 ------------ ❷ 

Process 3 – 4 : (isothermal compression) : 

    The insulating cap is removed and the cold body (CB) is brought into the bottom cylinder 

    The heat is rejected, and volume decreases from V3 – V4  

 pressure increases from P3 to P4 

 entropy changes from S3 to S4 

 temperature remains constant 
 

Heat rejected, Q 3-4 = P3V3 log 𝑒
[

𝑉3

𝑉4
]
 

                                      = mRT3 log r 

                               Q3 – 4 = 2.3 mRT3 log r---------❸    
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Process 4 – 1: (isentropic compression): 

The CB is removed and insulating cap is placed on the cylinder, the internal energy increases, and 

 volume decreases from V4 to V1 

 pressure increases from P4 to P1 

 temperature increases from T4 to T1 

 entropy remains constant 
 

 

Increasing internal energy =  
𝑃1𝑉1−𝑃4𝑉4

𝛾−1
 

                                               = 
mrT1−mrT4

γ−1
 

                                               = 
mr[T1−T4]

γ−1
  

                                                             =  
mr[T1−T3]

γ−1
 -------------❹ 

The increasing internal energy and, decreasing internal energy are the same, so resultant is zero 

Work done = heat supplied – heat rejected 

                     =2.3 mRT1 log r - 2.3 mRT3 log r 

                   WD = 2.3 mRlog r [T1-T3] --------------❺ 

  η    = WD/H.S= 
2.3 mR log r [ T1−T3]

2.3 mRT1 log r 
 

 

 η     =   
T1− T3

T1
  = 1 - 

T3

T1
     

                        η = 1- 
𝟏

 𝒓𝜸−𝟏           [𝑟 =
𝑣2

𝑣1
=

𝑣3

𝑣4
] 

 

V (b) an ideal diesel engine has a bore diagram 150mm and stroke 200mm. The clearance volume is 10% 

of the swept volume. Determine the compression ratio and air standard efficiency of the engine, if the 

cut off takes at 6% of the stroke? 
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        From the fig,  

                      Vs=π/4 x d2 x l = π/4(0.150)2x200x10-3 

                                                                              = 0.0035m3 

          Clearance volume (Vc) = 10% Vs 

                                                  = 0.1 x 0 .0035  

                                                  = 0.00035m3 

       We know that Total Volume (V) = Vc+Vs 

                                                                = 0.00035+0.0035 

                                                                = 0.00385m3 

              Compression ratio, r = V/Vc = 0.00385/0.00035 = 11 

            

         Volume at point of cut off, V3 = Vc + 6% Vs 

                                                                   = 0.00035 + 0.6 x 0.0035 

                                                                   = 0.00056 m3 

     So, cut off ratio, ρ = V3/V2 = 0.00056/0.00035 = 1.6 (V2=Vc) 

         Air standard efficiency, ηair =1- 
1

𝛾
 

1

𝑟𝛾−1 [
𝜌𝛾−1

𝜌−1
]  

                                                          = 1-
1

1.4
 

1

110.4 [
1.61.4−1

1.6−1
] 

                                                           = 1-0.425 

                                                           = 0.575 = 57.5% 

             Air standard efficiency, ηair = 57.5% 
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  VI (a) Illustrate Otto cycle with the help of P-V and T-S diagram? 

             

 

        

 The point 1 represents that cylinder is full of air with volume V1, pressure p1 and absolute temperature 

T1. 

 Line 1-2 represents the adiabatic compression of air due to which p1, V1 and T1 change to p2, V2 and T2, 

respectively. 

 Line 2-3 shows the supply of heat to the air at constant volume so that p2 and T2 change to p3 and T3 (V3 

being the same as V2). 

  Line 3-4 represents the adiabatic expansion of the air. During expansion p3, V3 and T3 change to a final 

value of p4, V4 or V1 and T4, respectively. 

 Line 4-1 shows the rejection of heat by air at constant volume till original state (point 1) reaches. 

 Heat supplied at constant volume = Cv(T3 – T2). 

 Heat rejected at constant volume = Cv (T4 – T1). 

 But, work done = Heat supplied – Heat rejected 

 = Cv (T3 – T2) – Cv (T4 – T1) 

Efficiency = 
𝑾𝒐𝒓𝒌 𝒅𝒐𝒏𝒆

𝑯𝒆𝒂𝒕 𝒔𝒖𝒑𝒑𝒍𝒊𝒆𝒅
 = 1 - 

T4 – T1

T3 – T2
 

         η= 1 – (1/ rγ-1) 



SOLVED QUESTION PAPER 
 

14 
                                                                                                                                               Anand.r (Lecturer in ME) 

VI (b) 0.23kg of gas is taken through a Carnot cycle whose temperature limits are 300°C and 50°C. If the 

volume ratio of expansion of the isothermals is 2.5, determine (a) air standard efficiency of the cycle and 

(b) Work done per cycle? Take R=0.287KJ/KgK. 

  Given Data 

      Volume ratio or Isothermal expansion ratio, r = 2.5 

               T1 = 300 + 273=573K 

                T2 = 50+273=323K 

a) We know that Efficiency of Carnot cycle, η = 1-(T2/T1) 

                                                                                           = 1- 
323

573
 = 0.436 

                                                                                        η = 43.6% 

b) Work done/cycle = Heat received – heat rejected 
                                = mRT1loge r – mRT2loge r 
                                = mRloge r(T1 – T2) 
                                = 0.23 x 0.28 loge 2.5(573-323) 

                                = 14.75 KJ 

VII (a) Explain the procedure for conducting Morse test for finding IP of multi cylinder engines? 

          Morse test is conducted to find the IP of multi cylinder engine. 

   Consider a Four cylinder engine, first of all the brake power of engine when all cylinder are in 

operation is measured.  

 Now one cylinder (say cylinder 1) is cut-off. 

 Reduce the load in order to bring the speed to original speed. 

 Power is now measured which gives the brake power of three cylinders. 

 Same procedures repeat for other three cylinders also. 

 Let I1, I2, I3 and I4 be the IP of each individual cylinder.  

 Then F, F2, F3 and F4 be the FP of each cylinder  

 when all cylinders are working , then  
   Total Brake power BP = Total of IP + Total of FP 
                                     BP = (I1+I2+I3+I4) + (F1+F2+F3+F4) ------------1 
When cylinder 1 is cut-off, I1 = 0 
Therefore BP of remaining cylinders (BP1) = (0+I2+I3+I4) – (F1+F2+F3+F4) -----------------2 
Subtracting the equation 2 from 1 
          We get BP – BP1 = I1 

              Similarly  I2 = BP-BP2 
                                I3 = BP – BP3 
                                I4 = BP – BP4 

         Then,  
                 

Total IP =  I1+I2+I3+I4 
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 VII. (b) A two cylinder 4-stroke cycle IC Engine is to be designed to develop 15kW IP at 1200 RPM. The 
m.e.p of the cycle is limited to 6 bar. Determine the bore diameter and stroke of the engine.                     

If stroke = 1.2 x bore diameter? 

      Given Data 

              Total IP = 15kW 

             IP developed by each cylinder = 15/2 = 7.5kW 

             We know that IP = Pm x l x a x n  

            For four stroke engine n = N/2 = 1200/2 x 60 = 10 rps    

             Stroke = 1.2 d 

            m.e.p, Pm = 6 bar = 6 x 102 KN/m2 

                  Therefore, 7.5 = 6 x 102  x 1.2d x π/4 d2 x 10 

             So, d3 = 
7.5×4

600×1.2×π×10
 = 1.326 x 10-3 

                    d = 0.1098 m = 109.8mm 

           Bore diameter = 109.8 mm,  

          Stroke = 1.2d = 1.2 x 109.8 = 132 mm 

     

VIII (a) Define Specific enthalpy of wet steam and specific enthalpy of dry saturated steam? 

          Specific enthalpy of wet steam 

                          It is the quantity of heat required to convert 1kg water at 0°C into wet steam at a given 

quantity and at constant pressure. It is equal to specific enthalpy of saturated water and latent heat of 

dry fraction of steam. 

 

 

          Specific enthalpy of dry saturated steam 

                             It may be defined as the quantity of heat required to convert 1kg of water at 0°C into 

dry saturated steam. 

           hg = hf + hfg 

                      

. 

  hw = hf+𝒳hfg 
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VIII (b) Calculate the total heat of 5kg of steam at an absolute pressure of 8 bar having dryness fraction 

of 0.8. Also calculate heat required in kJ to convert the steam in to dry and saturated steam? 

          Dryness fraction, 𝒳 = 0.8    

          From Steam tables 

                  Corresponding to 8 bar pressure, 

                                                    We get    hf = 720.9 kJ/kg 

                                                                     hfg = 2046.5 kJ/kg 

                                                                     hg = 2767.4 kJ/kg 

              We know that, Specific enthalpy of wet steam, hw = hf+𝒳hfg  

                                                                                                       = 720.9 + (0.8 x 2046.5) 

                                                                                                       = 2358.1 kJ/kg 

                     Total heat of 5 kg of wet steam = 5 x 22358.1 = 11790.5 kJ/kg 

                        Specific enthalpy of dry saturated steam, hg = hf +hfg 

                                                                                                       = 720.9 + 2046.5   

                                                                                                       = 2767.4 kJ/kg 

                     Total heat of 5 kg of dry saturated steam = 5 x 2767.4 = 13830 k                                               

Net heat required to supplied for conversion of wet steam into dry saturated steam = 13830-1790.5 

                                                                                                                                                        = 2039.5 kJ 

 IX. (a) Define the term Thermal convection and State Newton-Rickman equation of thermal convection? 

         Thermal Convection 

 It refers to the heat exchanged between a surface and a fluid moving. 

 Heat transfer takes place between fluid and solid surface as a result of motion of fluid 

particles. 

 This mechanism of heat flow is called Convection. 

 If there is no fluid motion, heat transfer would be by conduction only. 

 

           



SOLVED QUESTION PAPER 
 

17 
                                                                                                                                               Anand.r (Lecturer in ME) 

       Newton-Rickman Equation 

                          The heat transfer per unit time by convection is given by , 

                                                    Q = hA (t1 – t2) in watts 

                           Where, h = Convective Heat transfer coeificient in W/m2K 

   A = Surface area in m2 

                                     t1-t2 = Temperature difference between fluid and surface        

                          

IX (b) The inside and outside surfaces of a window glass are at 20°C and -5°C respectively. If the glass is 

1000mm x 500mm in size and 15mm thick with thermal conductivity of 0.78 W/mK. Determine the heat 

loss through the glass over a period of 2 Hours?    

          

           Given Data  

                          t1 = 20°C 

                          t2 = -5°C 

                          k = 0.78 W/mK 

                          A = 1000 x 500 = 500000 mm2 = 0.5m2 

                          dT = t1 – t2 = (20-(-5)) = 25°C  

                          d𝒳 = 15 mm = 0.015 m 

 

         Rate of Heat flow = KA 
𝑑𝑇

𝑑𝑥
 = 0.78 x 0.5 x 

25

0.015
  

                                                        = 650 w = 0.65 KW 

       Heat loss through the window glass for 2 hrs = 0.65 x 2 = 1.30 KWh 
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 X (a) Explain the construction and Working of single stage reciprocating air compressor with the help of 

schematic Diagram?  

 

CONSTRUCTION AND WORKING 

 It consists of cylinder in which piston reciprocates by means of external source. 

 Cylinder cover accommodates the two valves. Both of these valves opened and closed 

automatically due to pressure difference. 

 When the piston moves downwards due to the vacuum pressure created in the engine cylinder, 

the inlet valve opens and air flows into the cylinder. 

 During the upward movement of the piston both inlet and delivery valve  

 When the pressure increases to a desired level, the delivery valve opens and compress air 

discharged in to a receiver. 
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X (b) Find the amount of work required to compress and discharge 1m3 of air at 15°C and 1 bar  to 7 bars 

absolute. When compression is isothermal. Take R = 0.29kJ/kgK. 

        Given Data 

                Initial Pressure, P1 = 1 bar = 100 KN 

                Final Pressure, P2 = 7 bar = 700 KN 

                Initial Temperature, T1 = 15+273 = 288 K 

                Volume air compressor, V1 = 1m3 

                  We know that, P1V1 = mRT1         

                             Therefore, m = 
P1V1

RT1
 

                                                      = 
100×1

0.29×288
 = 1.197 kg 

                                                 m = 1.197 kg 

               Work Required, W = mRT1loge(
P2

P1
) 

                                                = 1.197 x 0.29 x 288 loge[
7

1
] = 194.54 KJ 

                                           W = 194.54 KJ 

 

 


