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              UNIT NO. I

           Reciprocating Air Compressors

           1.   Describe the effect of intercooler in a two-stage air compressor.



2    A two-stage double acting air compressor operating at 200 r.p.m. Takes air in at bar and 270 C the diameter and stroke of L.P. cylinder are 35 cm & 38cm resp. The stroke of H.P. cylinder is same as L.P. cylinder and clearance of both the cylinders is 4% of the stroke .The L.P. cylinder discharges air at 4.052 bar. The air passes through the intercooler so that it enters the H.P. cylinder at 270 C and 3.85 bar. Finally the air is discharged from the compressor at 15.4bar. The compression and re-expansion in both cylinders follow the same law, pv1.3 =constant. Determine 

Brake power required to run the compressor if mechanical efficiency is 80%  

The diameter of H.P. cylinder  

iii) Heat rejected in intercooler.


3.       Obtain an expression for the minimum work required for a two-stage reciprocating air compressor                     





Explain what is meant by volumetric efficiency of a compressor. Derive an expression for volumetric efficiency of a single stage air compressor. 

     5 .    What do you mean by compressor? How are the compressors classified?

6.     Explain why an isothermal process is considered for compressing air.

What is a reciprocating compressor? Draw a neat sketch of it.

  Differentiate between single acting and double acting compressor.

9   Why multistage is done in reciprocating air compressor? Explain the importance of air-cooling in multi stage compressor. Also give advantages of multi stage over single stage compressor.

     Derive the minimum work per kg of air delivered in two stage compressor with intercooler and without intercooler.

11.   A 2-stage single acting reciprocating air compressor drawn 6kg/min 0of air at 1.013 bar and 293 K and the same is delivered at 14.75 bar. Assume perfect intercooling with compression index of 1.25. The clearance factor for low pressure and high pressure cylinder are 0.04 and 0.07. Determine 1. shaft power required with mechanical efficiency 85% 2.Isothermal efficiency 3. volumetric efficiency of each stage. 4. FAD.

A 2-stage reciprocating compressor takes air at the rate of 0.2 m3/sec. the intake pressure and temp. of air at 0.1MPa and 160 C. The air compressed to a final pressure of 0.7MPa. The inter-cooling is perfect. The compression index in both the stages is 1.25 and compressor runs at 600 rpm. Neglecting clearance determine 1. Intermediate pressure 2. Volume of each cylinder 3. Power required driving the compressor. Take mechanical efficiency 80% cp=1.005 Kj/kgK R=287 j/kg K.

2-stage compressor delivers air at a rate of 1.5 kg/sec. the suction pressure is 1.013bar. the inter-stage pressure is 7bar and the delivery pressure is 45bar. Air enters the low-pressure cylinder at 280K and is niter cooled to 300K before inlet to the high pressure cylinder and delivers at 420K. The clearance volume of low pressure and high cylinders are 6% and 8% of the stroke volume. Assume law of compression and expansion same for low and high pressure cylinder. Determine 1. Swept volume of cylinder 2. Amount of heat removed in jacket cooling for each cylinder 3. The ideal power required to drive the compressor.

14       Differentiate between reciprocating and rotary compressor

              UNIT NO. II

  Rotary  Air Compressors

15.  Air at a temperature of 170 C flows into the centrifugal compressor running at 20,000 rpm. Using the following given data:

              Slip factor                           
 =  
0.80

              Work input factor                 
 =  
1

              Isentropic efficiency           
 =  
70% 

              Outer diameter of blade tip  
 = 
50 cm.

Assuming the absolute velocities of air entering and leaving the compressor is same 

Find: 
1) 
The temperature rise of air passing through compressor  &

2) 
The static pressure ratio    




 

16.      Write short notes on 

        i) Slip factor & pressure coefficient 

        ii) Surging and choking of compressor

         iii) Degree of reaction in case of axial flow compressor; 

         iv) Pre-whirl of centrifugal compressor        



 
         17.      Compare Roots blowers with vane blower in respect to :

Working principles

P-V diagram

Efficiency                                                    




18     Discuss with a neat sketch the working of a roots blower.

19    Describe with a neat sketch the working principle vane blower. Also give indicator diagram.

20    What do you mean by axial flow compressors? Explain its working principle with neat sketch.

21    Write short note on surging and choking.

22    The centrifugal compressor is single inlet with an edge 55cm, hub 20 cm and an overall diameter of rotor as 100cm. it is supplied air at 200C and at 1bar. The rotor speed is 6000rpm. Compressor handles air mass of 30kg/sec and compresses to the pressure of 3bar. Find 1. Isentropic rotor efficiency based on impeller tip velocity with slip factor 0.9.    2. Power required.

An 8-stage axial flow compressor provides an overall pressure ratio of 6:1 with an isentropic efficiency 90%. When the temp of air at inlet is 20 0C. The work is equally divided between the stages. A 50% reaction design is used with a mean blade speed 188m/s and constant axial velocity 100m/s through the compressor. Estimate the power required and blade angles.

              UNIT NO. III &IV

  Internal Combustion Engine & Testing
24      Describe in short working of 4stroke and 2stroke petrol and diesel engine.

25     How IC engines are classified? Also how SI engine are classified by valve operation.

26      What do mean by detonation or knocking? What are its effects?

27      Draw a neat sketch of carburetor 

28      Write short note on ignition system and spark plug.

29      Describe battery ignition system with a neat sketch.

30     What do you mean by scavenging? Show the process of scavenging of 2 stroke SI engine.

    Draw a neat sketch of lubrication system used in automobile. Also explain it.

     Write a short note on emission and pollution control measures in IC engine.

     What are the factors limiting the performance of an IC engine.

  What are different methods of finding the frictional power of IC engine? Explain morse   test method and Williams line method.

     Draw performance curve of an IC engine.

    During the test of  a 4 stroke 8 cylinder petrol engine following data were obtained.      

      Load on hydraulic dynamometer = 950 N, speed = 1250 rpm, bore = 70mm, stroke =    89mm, fuel consumption = 19.5 kg/hr, CV = 43542 kJ/ kg, jacket water flow = 1400 kg/hr, temp rise in jacket water = 300C, air-fuel ratio = 32, room temp = 30 0C, exhaust gas temp =400 0C, fuel analysis 15% H2 and 85% C, partial pressure of water vapor in the exhaust gas = 0.02bar, cp of vapor = 2.09, cp of dry exhaust gases = 1.005, the const of hydraulic dynamometer = 17280.

   Draw the heat balance sheet.

    The following observation were taken during a test on a single cylinder low speed 4- stroke cycle oil engine having a bore of  30 cm and stroke of 45 cm.

       Ambient air temp= 20 0C, duration of trial=1hr, total fuel consumption= 11.4 kg/hr,   CV=42000 kj/kg, indicated mean effective pressure= 6bar, rpm = 30, net brake load = 1.5 kN, brake drum diameter = 1.8m, brake rope diameter = 2cm, quantity of jacket cooling water = 600kg/hr. temp of entering cooling water = 20 0C, temp of leaving cooling water = 75 0C, quantity of air = 250kg/hr. Sp. Heat of exhaust gases = 1kj/kg K. exhaust gas temp = 420 0C. Determine indicated power, brake power, mech efficiency, indicated thermal efficiency. Also draw heat balance sheet on hr basis.

      38     Explain the stages of combustion in S.I. engine with the help of P-θ diagram.    










     39.     Derive an expression for Air- Fuel ratio for simple carburetor.    


     40.    The power output of a six-cylinder four-stroke engine is absorbed by a water brake for which the law is WN / 20000 where the brake load, W is in Newton and the speed is in rpm. An air box with sharp edged orifice system measures the air consumption. The following readings are obtained: 

Orifice diameter


= 
30 mm;

Bore 




= 
100 mm; 

Stroke 



=
120 mm; 

C/H ratio by mass 


= 
83/17;

Coefficient of discharge 

= 
0.6; 

Ambient pressure 


= 
1 bar; 

Pressure drop across orifice 
= 
14.5 cm of Hg;

Time taken for 100 cc of fuel consumption = 20 sec.; 

Amb. Temperature 


= 
270 C;  

Fuel density



= 
831 kg/m3.;

Calculate:

The brake power;

The torque; 

The brake specific fuel consumption;

The percentage of excess air and 

The volumetric efficiency    

                         
          41.  How engines are air-cooled? What is the purpose of fins in an air-cooled system? What is the size and spacing of fins?        

          42.   A test on a two-stroke engine gave the following results at full load:

    Speed                                            
= 
350 rpm;

    Net brake load                                      
= 
65 kg. ;

   Mean effective pressure                       
= 
3 bar;

    Fuel consumption                                 
= 
4 kg/hr

    Jacket cooling water flow rate              
= 
500 kg/hr;

    Jacket water temperature at inlet         
= 
20 0 C;

    Jacket water temperature at inlet         
= 
40 0 C;

     Test room temperature                         
= 
20 0 c;

       Temperature of exhaust gases            
= 
4000 C;

     Air used per kg of fuel                          
= 
32 kg.;

     Cylinder diameter                                
= 
22 cm;

      Stroke                                                  
= 
28 cm;

        Effective brake diameter                     
= 
1 m;

      C.V of fuel                                           
= 
43 MJ/kg;

          
       Proportion of hydrogen in fuel             
=  
15%;

           
Sp. heat of dry exhaust gas                
= 
1 kJ/kg k;

       Specific heat of steam                       
= 
2.1 kj/kg k;

            
Sensible heat of water at room temp  
= 
62 kJ/kg;’

         
         Latent heat of steam                          
= 
2250 kj/kg. 

         Find: Indicated power, brake power and draw up a heat balance sheet for the test        in kJ/min and in percentage.              
   




           43     What is meant by scavenging? What are different types of scavenging? Write any one in brief. 








           44.   What are different methods used to measure IP of IC Engine. Explain anyone in brief









           45.     Derive an expression for efficiency of an Otto cycle.


              UNIT NO. V &VI

  Gas Turbine & Jet propulsion
46     Give the basic concepts of gas turbine unit on block diagram, PV diagram and TS    diagram.

47.       State merits and demerits of closed cycle over open cycle gas turbine plant.

48.       Derive the relation for optimum pressure ratio for maximum specific output of a gas   turbine taking the efficiencies of turbine and compressors.

49.        Give the various methods to improve specific power output and thermal efficiency of const pressure gas turbine plant.

50.          Write short note on gas turbine fuel and heat exchange effectiveness.

51.         Following are the details of a gas turbine having a regenerator and reheater. Inlet  air pressure = 1bar. Inlet air temp = 295 K, pressure ratio = 5, maximum temp of cycle = 1023 K, effectiveness = 0.7, Pi/P1= P2/Pi, reheat temp = 1023 K, turbine and compressor efficiency = 0.85. Find thermal efficiency, work ratio, net shat work per kg of air.

      The ratio net work to turbine work of an ideal gas turbine work of an ideal gas turbine plant is 0.563. Take inlet temp to compressor as 3000K. Calculate the temp drop across the turbine with thermal efficiency of unit is 35%. Assume a mass flow rate of 10kg/sec, Cp=1kJ/K.

      A gas turbine plant receives air at a pressure of 1 bar and 290K. The air is then compressed in a rotary compressor to a pressure of 4 bars and then heated to a temp of 840K. The isentropic efficiencies of compressor and turbine are 82% and 85% respectively. Neglecting the pressure drop. Find overall efficiency of the plant, without heat exchange and with heat exchange with 70% effectiveness.  

    With a neat sketch and TS diagram explain working of turbojet engine and also derive  expression for thrust developed?

     Write a short note on 


a. Ram jet engine, b. pulse jet engine, c. turbo jet engine, d. rocket engine.

56.      What are the advantages and disadvantages of jet propulsion over other system.

57.    Determine ram efficiency, propulsive efficiency, thermal efficiency, net thrust, mach number of aircraft.

58.     The German turbojet plant uses petrol having a CV=43MJ/kg. The fuel consumption  0.18 kJ/hrN of thrust, when thrust is 9 kN. The aircraft velocity is 500m/s. the mass of air passing through compressor is 27 kg/sec. Calculate air fuel ratio and overall efficiency.

59.    A turbojet engine consumes air at the rate of 60.2 kJ/s when flying at the speed of 1000km/hr. Calculate 1. exit velocity of jet when enthalpy change for the nozzle is 230 kJ/kg and velocity coefficient is 0.96.  2. fuel flow rate in kJ/sec if air fuel ratio is 70.   3.propusive power and propulsive efficiency.

60. A turbojet propelled airplane flying at an altitude of 9500m at a temp of -48 0C and a mach no 0.7389 gets a drag force of  6100N. if the propulsive efficiency is 55%, the overall efficiency of 17%, the air density at flight height being 0.17kg/m3, CV of fuel 46000 kJ/kg. Calculate 1.absolute velocity of jet   2.volume of air compressed per minute    3. diameter of jet    4.power output of unit     5. air fuel ratio. 

     61     Explain closed cycle gas turbine power plant with regenerator, reheating and intercoole







       62.
Derive an expression for optimum pressure ratio for maximum specific output,    considering the machine efficiency.
            


       63.
A gas turbine set having a heat exchanger gave the following data at design speed:






        
Isentropic efficiency of the compressor

=
85%;

        
Isentropic efficiency of the turbine


=
85%;

        
Combustion efficiency



=
95%;

        
Pressure ratio




=
5:1;

       
Mass flow





=
20 kg/sec;

        
Heat exchanger effectiveness


=
75%;

        
Maximum cycle temperature


=
7200 C;

        
Ambient temp. and pressure of the air are 15 0 C & 1.01325 bar  resp.

        
Determine:

The power output;

Specific fuel consumption; 

Thermal efficiency;

Back work; 

Back work ratio; 

Assume no pressure loss in the heat exchanger and combustion chamber.

Take C.V. of fuel as 43510 KJ/kg, CPa = 1.05 kJ/kg k, γ =1.4 during compression and Cpg = 1.15 kJ/kg k; γ = 1.4 during heating and expansion.                                                

         64.   What are the fundamental differences between the jet propulsion and rocket Propulsion?









           65.  In a jet propulsion cycle air enters the compressor at 1 bar 15 0C. The pressure leaving the compressor is 5 bar and the maximum temperature is 900 0 C. The air expands in the turbine to such a pressure that the turbine work is just equal to the compressor work. On leaving the turbine, the air expands in a reversible adiabatic process in a nozzle to 1 bar. 

Calculate the velocity of air leaving the nozzle. Take Cp = 1.0035kJ/kg k and γ = 1.4 for Compressor and expansion process





6

