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PORT TIMING DIAGRAM OF SINGLE CYLINDER TWO STROKE SPARK IGNITION ENGINE AIM: To draw the port timing diagram of a two stroke spark ignition engine. APPARATUS REQUIRED: 1. A two stroke petrol engine 2. Measuring tape 3. Chalk



BRIEF THEORY OF THE EXPERIMENT: The port timing diagram gives an idea about how various operations are taking place in an engine cycle.



The two stroke engines have inlet and transfer ports to transfer the



combustible air fuel mixture and an exhaust port to transfer exhaust gas after combustion. The sequence of events such as opening and closing of ports are controlled by the movements of piston as it moves from TDC to BDC and vice versa. As the cycle of operation is completed in two strokes, one power stroke is obtained for every crankshaft revolution. Two operations are performed for each stroke both above the piston (in the cylinder) and below the piston (crank case). When compression is going on top side of the piston, the charge enters to the crank case through inlet port. During the downward motion, power stroke takes place in the cylinder and at the same time, charge in the crank case is compressed and taken to the cylinder through the transfer port. During this period exhaust port is also opened and the fresh charge drives away the exhaust which is known scavenging. As the timing plays major role in exhaust and transfer of the charge, it is important to study the events in detail. The pictorial representation of the timing enables us to know the duration and instants of opening and closing of all the ports. Since one cycle is completed in one revolution i.e. 360 degrees of crank revolution, various positions are shown in a single circle of suitable diameter.
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PROCEDURE 1. Mark the direction of rotation of the flywheel. Always rotate only in clockwise direction when viewing in front of the flywheel. 2. Mark the Bottom Dead Center (BDC) position on the flywheel with the reference point when the piston reaches the lowermost position during rotation of the flywheel. 3. Mark the Top Dead Center (TDC) position on the flywheel with the reference point when the piston reaches the top most position during the rotation of flywheel. 4. Mark the IPO, IPC, EPO, EPC, TPO, and TPC on the flywheel observing the following conditions. 5. Inlet port open (IPO) when the bottom edge of the piston skirt just opens the lower most part of the inlet port during its upward movement. 6. Inlet port close (IPC) when the bottom edge of the piston fully reaches the lower most part of the inlet port during its downward movement. 7. Transfer port open (TPO) when the top edge of the piston just open the top most part of the transfer port during its downward movement. 8. Transfer port close (TPC) when the top edge of the piston fully reaches the upper most part of the transfer port during its upward movement 9. Exhaust port open (EPO) when the top edge of the piston just opens the top most part of the exhaust port during its downward movement. 10. Exhaust port close (EPC) when the top edge of the piston fully reaches the upper most part of the exhaust port during its up ward movement 11. Measure the circumferential distance of the above events either from TDC or from BDC whichever is nearer and calculate their respective angles. 12. Draw a circle and mark the angles.
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OBSERVATION TABLE: Circumference of flywheel (L) = Sl.No. 1 2 3 4 5 6



mm



Description IPO before TDC IPC after TDC EPO before BDC EPC after BDC TPO before BDC TPC after BDC



Distance in mm



Angle in Degrees



FORMULA: L Angle = ----- × 360 X Where, L – Distance from nearest dead center in mm X- Circumference of the Flywheel in mm RESULT: The given two-stroke petrol engine is studied and the Port timing diagram is drawn for the present set of values. REVIEW QUESTIONS: 1. What is the difference between valves and ports? 2. How does the opening and closing of ports happen in two stroke engines? 3. What is the use of transfer port? 4. Give reason for larger exhaust port diameter than the transfer port. 5. What do you mean by scavenging? 6. What is the pressure developed in crank case? 7. What are the problems associated with two stroke engines? 8. What are the advantages of two stroke engines? 9. How are two stroke engines lubricated? Give the name. 10. Define compression ratio. Give the range of compression ratio for petrol and diesel engines.
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VALVE TIMING DIAGRAM OF A SINGLE CYLINDER FOUR STROKE COMPRESSION IGNITION ENGINE AIM: To draw the valve timing diagram of the four stroke compression ignition engine. REQUIREMENTS:



1. Experimental engine 2. Measuring tape 3. Chalks BRIEF THEORY OF THE EXPERIMENT: The valve timing diagram gives an idea about how various operations are taking place in an engine cycle. The four stroke diesel engines have inlet valve to supply air inside the cylinder during suction stroke and an exhaust valve to transfer exhaust gas after combustion to the atmosphere. The fuel is injected directly inside the cylinder with the help of a fuel injector. The sequence of events such as opening and closing of valves which are performed by camfollower-rocker arm mechanism in relation to the movements of the piston as it moves from TDC to BDC and vice versa. As the cycle of operation is completed in four strokes, one power stroke is obtained for every two revolution of the crankshaft. The suction, compression, power and exhaust processes are expected to complete in the respective individual strokes. Valves do not open or close exactly at the two dead centers in order to transfer the intake charge and the exhaust gas effectively. The timing is set in such a way that the inlet valve opens before TDC and closes after BDC and the exhaust valve opens before BDC and closes after TDC. Since one cycle is completed in two revolutions i.e 720 degrees of crank rotations, various events are shown by drawing spirals of suitable diameters. As the timing plays major role in
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transfer of the charge, which reflects on the engine performance, it is important to study these events in detail. PROCEDURE:



1. Mark the direction of rotation of the flywheel. Always rotate only in clockwise direction when viewing in front of the flywheel. 2. Mark the Bottom Dead Center (BDC) position on the flywheel with the reference point when the piston reaches the lowermost position during rotation of the flywheel. 3. Mark the Top Dead Center (TDC) position on the flywheel with the reference point when the piston reaches the top most position during the rotation of flywheel. 4. Identify the four strokes by the rotation of the flywheel and observe the movement of inlet and exhaust valves. 5. Mark the opening and closing events of the inlet and exhaust valves on the flywheel. 6. Measure the circumferential distance of the above events either from TDC or from BDC whichever is nearer and calculate their respective angles. 7. Draw the valve timing diagram and indicate the valve opening and closing periods. FORMULA: L Angle = ----- × 360 Degrees X Where, L - Distance from nearest dead center in mm X- Circumference of the Flywheel in mm OBSERVATIONS: Sl. No. 1 2 3 4



Description IVO Before TDC IVC After BDC EVO Before BDC EVC After TDC



Distance in mm



Angles in Degrees
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RESULT: The given four stroke compression ignition engine is studied and the valve timing diagram is drawn for the present set of values.



REVIEW QUESTIONS: 11. How the valves are different from ports? 12. What are the advantages of four stroke engines over two stroke engines? 13. Why four stroke engines are more fuel efficient than two stroke engines? 14. Explain the lubrication system of four stroke engines. 15. What do you mean by valve overlap? What are their effects in SI engines? 16. How the cylinder numbers assigned in multi-cylinder I.C. engines? 17. Give firing order for a four and six cylinder engines. 18. Explain how the correct direction of rotation is found before starting the valve timing experiment. 19. How do you identify an engine is working on two stroke or four stroke principle? 20. How do you identify whether it is petrol or diesel engine?
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PERFORMANCE TEST ON SINGLE CYLINDER FOUR STROKE DIESEL ENGINE (KIRLOSKAR) AIM: To perform a load test on the given engine and to draw the performance characteristic curves. APPARATUS REQUIRED: 1. The engine test rig 2. Stop-watch 3. Hand tachometer NAME PLATE DETAILS ENGINE: Type



: Water cooled, Constant speed



Fuel



: H.S. Diesel



Power



: 5.2 kW



Speed



: 1500 rpm



SFC



: 0.251 kg/kw h



Lub Oil



: SAE30/SAE 40



ALTERNATOR: Power



: 7.5 kVA



Voltage



: 415V, 50 Hz



Phase



:3



AMPS



: 10.4



Connection



: STAR



Speed



: 1500 rpm



P.F.



: 0.8
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LOADING TYPE



: ELECTRICAL LOADING



FUEL PROPERTIES: Specific gravity of Diesel



= 0.83 g/cc



Calorific value



= 42,000 kJ/kg



BRIEF THEORY OF THE EXPERIMENT:



A load test on an engine provides information regarding the performance characteristics of the engine. Engine performance varies with both load on the engine as well as the engine speed. However the stationary engine used in this experiment operate at a constant speed. The performance characteristics of such engines are obtained by varying the load on the engine.



EXPERIMENTAL SETUP: The compact and simple engine test rig consisting of a four stroke single cylinder, water cooled, constant speed diesel engine coupled to an alternator by flexible coupling. The engine is started by hand cranking using the handle by employing the decompression lever. The engine is loaded using electrical lighting load bank. The loading arrangement consists of a set of lamps and switches on the panel board. A voltmeter and an ammeter are used to record the load on the alternator. A burette is connected with the fuel tank through a control valve for fuel flow measurement. Provision is made to circulate water continuously through the engine jacket. PRECAUTIONS: 1. The engine should be checked for no load condition. 2. The cooling water inlet for engine should be opened. 3. The level of fuel in the fuel tank should be checked. 4. The lubrication oil level is to be checked before starting the engine.
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STARTING THE ENGINE: 1. Keep the decompression lever in the vertical position 2. Insert the starting handle in the shaft and rotate it 3. When the flywheel picks up speed bring the decompression lever into horizontal position and remove the handle immediately. 4. Now the engine will pick up. STOPPING THE ENGINE: 1. Cut off the fuel supply by keeping the fuel governor lever in the other extreme position. (For Diesel Engine) PROCEDURE: 1. Start the engine at no load and allow idling for some time till the engine warm up. 2. Note down the time taken for 10cc of fuel consumption using stopwatch and fuel measuring burette. 3. After taking the readings open the fuel line to fill burette and supply fuel to run the engine from the fuel tank again. 4. Now load the engine gradually to the desired valve. This may be done by switching on three lamps in the columns. 5. Allow the engine to run at this load for some time in order to reach steady state condition and note down the time taken for 10 cc of fuel consumption. 6. Note down the voltmeter and ammeter readings for the above conditions. 7. Repeat the experiment by switch ON additional lamps. 8. Ensure that the lamp loads are distributed equally among all the 3 phases. 9. Release the load by switch OFF the lamps slowly one by one and stop the engine. 10. Tabulate the readings as shown and calculate the result.
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OBSERVATION TABLE: Sl. No.



No. of Lamps



% of Load



Voltmeter Reading



Ammeter Reading



(%)



(Volts)



(Amps)



Time for ‘x’ cc of fuel consumption (sec) Trial T1



Trial T2



Trial Tave



DETERMINATION OF MAXIMUM LOAD:



I



Brake power × Alternator efficiency = --------------------------------------------------√3 V cos φ



KW



SPECIMEN CALCULATIONS: 1. Total fuel consumption (T.F.C.)



X 3600 = ----- × specific gravity of fuel × --------- Kg/hr Time 1000



Where, X – Quantity of fuel consumed in cc (Burette reading) Specific gravity of fuel = 0.85 gm/cc
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√3 VI cos φ = --------------------------- KW Alternator efficiency



2. Brake power (B.P.) Where,



Cos ø = Power factor = 1 (for lamp loads) Alternator Efficiency = 0.9 TFC 3. Specific fuel consumption = ---------- kg/kw.hr (S.F.C.) B.P 4. From the graph drawn between brake power and total fuel consumption, the frictional power is found by extrapolation method. Frictional Power (F.P.)



=



KW



5. Indicated power (I.P.)



= Brake power + Frictional power KW



6. Mechanical efficiency



Brake power = ------------------------------ ×100 % Indicated power



7. Brake thermal efficiency



Brake power × 3600 = -------------------------------------------------- ×100 % Total fuel consumption × Calorific value
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RESULTANT TABULATION:



% of Load



B.P.



T.F.C.



S.F.C.



F.P.



I.P.



Mech. Efficiency



(%)



(KW)



(Kg/hr)



(Kg/kw.hr)



(KW)



(KW)



(%)



Brake Thermal Efficiency (%)



GRAPHS: B.P. Vs T.F.C. B.P. Vs S.F.C. B.P. Vs Mechanical efficiency B.P. Vs Brake Thermal efficiency



RESULT: Load test on the given engine is performed and performance characteristic curves are drawn. From the graph drawn between B.P and T.F.C, friction power is calculated by willian’s line method.
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REVIEW QUESTIONS:



1. How to start and stop the CI engine? 2. What is the purpose of a decompression lever? 3. How the speed of the engine is maintained constant at all loads? 4. What is the function of a governor in a constant speed engine? Where it is normally located? 5. What is normal fuel injection pressure in a C I. engine? 6. What is the speed ratio between a cam shaft and a crank shaft? 7. What is the type of dynamometer employed? 8. Give reasons for valve timing greater than 180º? 9. What is the type of cooling employed? 10. How do you ensure the lubrication pump is effective?
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HEAT BALANCE TEST ON SINGLE CYLINDER FOUR STROKE COMPRESSION IGNITION ENGINE (KIRLOSKAR)



AIM:



To perform a heat balance test on the given single cylinder four stroke C.I engine and to prepare the heat balance sheet at various loads.



APPARATUS REQUIRED: 1. C.I. Engine coupled to a three-phase alternator with lamp load. 2. Air tank with air flow meter 3. Burette for fuel flow measurement 4. Rotameter for water flow measurement 5. Stop watch. 6. Ammeter (0 - 20 A) 7. Voltmeter (0 - 500 V) 8. Thermometers. NAME PLATE DETAILS ENGINE: Type



: Water cooled, Constant speed



Fuel



: H.S. Diesel



Power



: 5.2 kW



Speed



: 1500 rpm



SFC



: 0.251 kg/kw h



Lub Oil



: SAE30/SAE 40
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LOADING TYPE



: ELECTRICAL LOADING



ALTERNATOR: Power



: 7.5 kVA



Voltage



: 415V., 50 Hz



Phase



:3



AMPS



: 10.4



Connection



: STAR



Speed



: 1500 rpm



P.F.



: 0.8



BRIEF THEORY OF THE EXPERIMENT: From the law of conservation of energy, the total energy entering the engine in various ways in a given time must be equal to the energy leaving the engine during the same time, neglecting other form energy such as the enthalpy of air and fuel. The energy input to the engine is essentially the heat released in the engine cylinder by the combustion of the fuel. The heat input is partly converted into useful work output, partly carried away by exhaust gases, partly carried away by cooling water circulated and the direct radiation to the surroundings. In a heat balance test all these values are calculated and converted to percentage with respect to the input and are presented in a chart at various loads. EXPERIMENTAL SETUP: The compact and simple engine test rig consisting of a four stroke single cylinder, water cooled, constant speed diesel engine coupled to a three phase alternator by a flexible coupling.



The engine is started by hand cranking using the handle by employing the



decompression lever. The engine is loaded using electrical lighting load bank. The loading
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arrangement consists of a set of lamps and switches on the panel board. A voltmeter and an ammeter are used to record the load on the alternator. Air from atmosphere enters the inlet manifold through the air box. An orifice meter connected with an inclined manometer is used for air flow measurement. A digital temperature indicator is used to measure temperature of exhaust gas. A burette is connected with the fuel tank through a control valve for fuel flow measurement. Provision is made to circulate water continuously through the engine jacket. Rotameter is provided to measure the flow rate of cooling water. Thermometers are provided to measure the temperature of cooling water passing through the jacket. PRECAUTIONS: 5. The engine should be checked for no load condition. 6. The cooling water inlet for engine should be opened. 7. The level of fuel in the fuel tank should be checked. 8. The lubrication oil level is to be checked before starting the engine. STARTING THE ENGINE: 5. Keep the decompression lever in the vertical position 6. Insert the starting handle in the shaft and rotate it 7. When the flywheel picks up speed bring the decompression lever into horizontal position and remove the handle immediately. 8. Now the engine will pick up. STOPPING THE ENGINE: 2. Cut off the fuel supply by keeping the fuel governor lever in the other extreme position. (For Diesel Engine)
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PROCEDURE: 11. Start the engine at no load and allow idling for some time till the engine warm up. 12. At no load condition, note down the readings as per the observation table. 13. Note down the time taken for 10cc of fuel consumption using stopwatch and fuel measuring burette. 14. After taking the readings open the fuel line to fill burette and supply fuel to run the engine from the fuel tank again. 15. Now load the engine gradually to the desired valve. This may be done by switching on three lamps in the columns. 16. Allow the engine to run at this load for some time in order to reach steady state condition. 17. Note down the readings as per the observation table. 18. Repeat the experiment by switch ON additional lamps. 19. Ensure that the lamp loads are distributed equally among all the 3 phases. 20. Release the load by switch OFF the lamps slowly one by one and stop the engine.



DETERMINATION OF MAXIMUM LOAD:



I



Brake power × Alternator efficiency = --------------------------------------------------√3 V cos φ



KW



SPECIMEN CALCULATIONS: X 1. Total fuel consumption



3600



= ----- × specific gravity of fuel × --------- Kg/hr Time



1000



Where, X – Quantity of fuel consumed in cc (Burette reading) Time – Time taken for 10cc of fuel consumption Specific gravity of Diesel = 0.85 gm/cc
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TFC × Cv 2. Heat Input (H.I)



= -------------------- KW 3600



Where, C.v – calorific value 3. B.P ( Heat used for useful work output)



√3 VI Cos φ Q(B.P)



=



----------------------- KW 1000 x



A.E



Where, Cosφ - Power factor



=1



A.E.



- Alternator efficiency = 0.9



V



- Voltage



I



- Current (Amps)



4. % of Heat used for useful work output Q (B.P) % Q (B.P)



= -------------------- × 100 H.I.



5. Heat lost through cooling water = Mw × Cpw × (T2 ~ T1)



Kw
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Where, m Mw



-



Mass flow rate of water



---------- kg/sec t2



m



-



Quantity of water collected



t2



-



Time taken for “m” liters of water collection



Cpw



-



Specific heat of water = 4.18 KJ/kg.K



T1



-



Inlet temperature of cooling water



T2



-



Outlet temperature of cooling water



6. % of heat loss through cooling water Q ( cooling water) % Q (cooling water) = ------------------------------- × 100 Heat Input 7. Heat lost through exhaust gases



= Mg × Cpg × (Tg ~ Ta)



(Air consumption method) Where, Mg = ma + mf Mass flow rate of air



ma



= Manometer (H) × 0.8826 × 10-3 × ρair (kg/s)



(Note: Manometer position: mid-inclined) Density of air, ρair =



Patm R × Tatm



kg/m3



Where, Patm – atmospheric pressure (N/m2) R



– gas constant, 287 J/kg.K



Tatm



– atmospheric temperature
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TFC Mass flow rate of fuel = ------------ kg/sec 3600 Notations used: Tg



-



Exhaust gas temperature



Ta



-



Room Temperature



Cpg



-



Specific heat for exhaust gas



= 1.005 kJ/kg.K



ρw



-



Density of water



=1000 kg/m3



ρa



-



Density of air at room temperature



=1.293 kg/m3



8. % of heat lost through exhaust gases Q (exhaust gases) % Q (exhaust gas)



= ------------------------ × 100 Heat input



9. Unaccounted heat losses



=Heat input – [Q(B.P) + Q(c.w) + Q (e.g.)] Q(unaccounted)



10. % of unaccounted heat losses



= --------------------------- × 100 Heat input
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HEAT BALANCE SHEET:



LOAD



HEAT OUTPUT



HEAT INPUT



(kW) (kW)



%



Cumulative Efficiency



CAUSES



(kW)



%



(%)



QB.P Qwater Qexhaust Qunaccounted QB.P Qwater Qexhaust Qunaccounted QB.P Qwater Qexhaust Qunaccounted



GRAPH: A graph is drawn by taking load in kW (No. of lamps) along X-axis and cumulative efficiency in Y-axis for various heat loss.



RESULT: The heat balance test is conducted in the given diesel engine to draw up the heat balance sheet at various loads and the graph is drawn.



(sec)



(ºC)



Temperature



water



Engine cooling



flow rate (g/s)



Engine cooling water



Outlet



Inlet



H



Manometer reading



Tave



Trial



cc of fuel T2



consumption



Time for ‘x’ Trial



T1



Trial



(Amps)



Ammeter Reading



(Volts)



Voltmeter Reading



(%)



% of Load



No. of Lamps



Sl. No.
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FLASH AND FIRE POINT TEST BY CLEAVE LAND OPEN CUP APPARATUS



AIM: To find the flash and fire point of the given fuel / oil by cleave land open cup apparatus. APPARATUS REQUIRED: 1. Open cup tester 2. Thermometer (0 – 300°C) 3. Sample of fuel / oil 4. Splinter sticks DESCRIPTION OF THE EQUIPMENT: This apparatus consists of a cylindrical cup of standard size. It is held in place in the metallic holder that is placed on a wire gauge and is heated by means of an electric heater housed inside the metallic holder. A provision is made on the top edge of the cup to hold the thermometer in position. A standard filling mark has been scribed on the inner side of the cup and the sample oil is filled up to this mark. This apparatus is more accurate than Pensky Marton’s closed cup and it gives sufficiently proclaimed accurate result for most of the practical purposes. PROCEDURE: 1. Fill the cleaned open cup with the given sample of oil up to the standard filling mark of the cup. 2. Insert the thermometer in the holder on the top edge of the cup. Make sure that the bulb of the thermometer is immersed in the oil and should not touch the metallic part. 3. Heat the sample of fuel / oil by means of an electric heater so that the sample of oil gives out vapour at the rate of 10°C per minute.
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4. When the oil gives out vapours, start to introducing the glowing splinter ( the flame should not touch the oil ) and watch for any flash with flickering sound. 5. Blow out or expel the burnt vapour before introducing the next glowing splinter. This ensures that always fresh vapours alone is left over the surface of the oil and the test is carried out accurately. 6. Continue the process of heating and placing the glowing splinter at every ten degree of rise in temperature from the first flash till you hear the peak flickering sound and note the corresponding temperature as the flash point. 7. Continue the heating further after retaining the flash point and watch the fire point, which is noted when the body of the oil vapour ignites and continue to burn at least for five seconds. 8. Repeat the test twice or thrice with fresh sample of the same oil until the results are equal. 9. Tabulate the observations. OBSERVATION TABLE: Sl.No.



Temperature



Observations



( °C )



RESULT: The flash and fire point test is carried out and the following oil / fuel properties are found. The flash point of the given sample fuel / oil is



=



The fire point of the given sample fuel / oil is



=
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CALORIFIC VALUE DETERMINATION BY JUNKER’S GAS CALORIMETER AIM: To determine the higher calorific value of given gaseous fuel using gas calorimeter. APPARATUS REQUIRED: 1. Junker’s gas calorimeter. 2. LPG cylinder with pressure regulator. 3. Gas flow meter. 4. Measuring jar of two lit capacity 5. Thermometers (0 – 100°C) - 3 nos. 6. Stop-watch. BRIEF THEORY OF THE EXPERIMENT: The calorific value of a gaseous fuel is the total amount of energy liberated in the form of heat due to the combustion of unit volume of fuel under standard conditions. The unit of calorific value is kJ/m3. The heat energy liberated by the controlled combustion of LPG fuel is transferred to the circulating cooling water in the calorimeter. Under steady state conditions, the heat energy liberated by burning the fuel is equal to the energy gained by the water. By calculating this, the calorific value of the fuel can be found out.



DESCRIPTION: The instrument consists of a gas-meter, a gas pressure regulator, vertical cylindrical chamber and a burner to maintain perfect combustion. The gas first passes through the gas flow meter and then through a regulator, finally the gas is burned by the Bunsen burner. The gas is burned in a burner placed underneath of the chamber and then downward through the tubes. The tubes are surrounded by continuously flowing water which enters at the bottom and leaves at constant head to ensure uniform circulation. The flowing water absorbs the heat produced by the
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burning gas whose calorific value is to be determined. Water which is flowing through the calorimeter is collected and weighed. PRECAUTION: 1. Check the rubber hose joints at the regulator valve, gas flow meter for leak proof. 2. Keep the LPG cylinder in vertical position. 3. Ensure no gas leak. 4. Ensure proper flame in the burner. 5. Pour water in the pressure regulator till it over flows. 6. Pour water to the level marked in the flow meter. 7. Before inserting the lighted burner, ensure proper circulation of water through the calorimeter. 8. After the completion of the experiment, the water supply should be closed only after the gas supply is closed. PROCEDURE: 1. Level the calorimeter by adjusting the legs. 2. Insert thermometers and check all the connections to ensure that there is no leakage of gas. 3. Open the water tap and circulate water through the calorimeter and ensure that the water is flowing through the flow pipe uniform and continuous. 4. Open the regulator on the LPG cylinder and measure the gas flow using gas flow meter. The time taken for a required volume of gas to pass the flow meter is noted. 5. The air regulator on the Bunsen burner is adjusted to get a blue non-luminous flame. 6. The water flow to the calorimeter is adjusted to get a temperature difference of 10°C to 15°C between the inlet and outlet. 7. The water coming out of the calorimeter is collected using a measuring jar and the time taken is noted. 8. Take all the readings after steady state conditions are reached. 9. Repeat the experiment by altering the quantity of water and the tabulate the readings.
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OBSERVATION TABLE:



Sl. No



DESCRIPTION



1



Volume of water collected during test period (m3)



2



Inlet temperature of water (T1 oC )



3



Outlet temperature of water (T2 oC)



4



Gas inlet temperature (Tact oC)



5



Duration of test period (t sec)



6



Volume of gas burnt during test period (Vg lit)



7



Barometer reading (mm Hg)



SET- I



SPECIMEN CALCULATION: 1. Volume of gas burnt per sec at STP is obtained from the following relation: Pact×Vact



PSTP× VSTP



--------------- = ---------------------



Tact



TSTP



where, VSTP



- Volume of gas burnt at STP (m3/s)



Pact



- Actual pressure of gas (mm of Hg)



PSTP



- Standard atmospheric pressure (760 mm Hg)



Tact



- Actual room temperature (K)



Vact



- Vg×10-3 / t (m3/sec)



TSTP



- Standard atmospheric temperature (25 oC)



SET-II
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Volume of water collected in m3 × density 2. Water flow rate, (mw)= --------------------------------------------------------- kg/s Time taken



mw×Cpw×( T2–T1) 3. Higher calorific value (HCV) = ---------------------------VSTP



kJ/m3



where, Cpw



- specific heat of water = 4.187 kJ/kg.K



T2–T1 - difference in temperature between inlet and outlet, oC



RESULT: The average higher calorific value of given LPG gas at standard conditions =



MJ/m3
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PERFORMANCE TEST ON RECIPROCATING AIR COMPRESSOR AIM: To conduct a performance test on the two stage reciprocating air compressor and to determine the volumetric efficiency and isothermal efficiencies at various delivery pressures. APPARATUS REQUIRED: 1. Reciprocating air compressor test rig. 2. Manometer 3. Tachometer SPECIFICATIONS: Power



: 5KW



Type



: Two stage reciprocating



Cooling Medium



: Air



Capacity



: 0.6 m3/min



Maximum Pressure



: 10 Bar



Speed



: 950 rpm



BRIEF THEORY OF THE EXPERIMENT: The two stage reciprocating compressor consists of a cylinder, piston, inlet and exit valves which is powered by a motor. Air is sucked from atmosphere and compressed in the first cylinder (Low pressure) and passed to the second cylinder (High pressure) through an inter cooler. In the second cylinder, air is compressed to high pressure and stored in the air tank.
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During the downward motion of the piston, the pressure inside the cylinder drops below the atmospheric pressure and the inlet valve is opened due to the pressure difference. Air enters into the cylinder till the piston reaches the bottom dead center and as the piston starts moving upwards, the inlet valve is closed and the pressure starts increasing continuously until the pressure inside the cylinder above the pressure of the delivery side which is connected to the receiver tank. Then the delivery valve opens and air is delivered to the air tank till the TDC is reached. At the end of the delivery stroke a small volume of high pressure air is left in the clearance volume. Air at high pressure in the clearance volume starts expanding as the piston starts moving downwards up to the atmospheric pressure and falls below as piston moves downward. Thus the cycle is repeated. The suction, compression and delivery of air take place in two strokes / one revolution of the crank PRECAUTIONS: 1. The orifice should never be closed so as to prevent the manometer fluid being sucked in to the tank. 2. At the end of the experiment the outlet valve of the reservoir should be opened as the compressor is to be started against at low pressures so as to prevent excess strain on the piston. EXPERIMENTAL SETUP: The two-stage air compressor consists of two cylinders of “v” type. The compressor is driven by an AC motor.



Air is first sucked into the low pressure (LP) cylinder and it is



compressed and delivered at some intermediate pressure. The compressed air is then cooled in the intercooler and the same is then sucked by the high pressure (HP) cylinder. Compressed air is the finally discharged to the receiver tank. An orifice plate is mounted on one side of the air tank and which is connected with a manometer for the measurement of air flow rate. One side of the air tank is attached with a flexible rubber sheet to prevent damage due to pulsating air flow. A pressure gauge is mounted on the air tank to measure the air tank pressure. The tank pressure can be regulated by adjusting the delivery valve. A pressure switch is mounted on the air tank to switch off the motor power
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supply automatically when the pressure inside the tank raises to the higher limit and to avoids explosion. PROCEDURE: 1. The manometer is checked for water level in the limbs. 2. The delivery valve in the receiver tank is closed. 3. The compressor is started and allowed to build up pressure in the receiver tank. 4. Open and adjust the outlet valve slowly to maintain the receiver tank pressure constant. 5. The dynamometer is adjusted so that the circular balance reads zero when the points at the motor pedestal coincide. This can be done by operating the hand wheel. 6. Note down the readings as per the observation table. 7. Repeat the experiment for various delivery pressures. This can be done by closing the delivery valve and running the compressor to build up higher pressure. Ensure the tank pressure is maintained constant by adjusting the outlet valve before taking the readings. 8. Tabulate the values and calculate the volumetric efficiency and isothermal efficiency. OBSERVATION TABLE:



Sl.No



Delivery pressure (Kgf /cm2)



Manometer Reading (mm) h1



h2



h1~ h2



Speed Motor



Comp.



Torque Kg.m
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SPECIMEN CALCULATION: 1. Hair



ρw h1~ h2 = ------------ × ------100 ρair



m



Where, Hair



= Air head causing the flow, m



h1, h2 = Manometer reading, mm ρw



= Density of water = 1000kg/m3



ρair



= Density of air, kg/m3



ρair



Pa = ---------------- kg/m3 RT



Where, Pa



= Atmospheric pressure



R



= Gas constant for air = 0.287 KJ/Kg.K



T



= Room temperature K



2. Va = Cd × A × √(2gHair)



m3/s



Where, Va = Actual volume of air compressed m3/s Cd = Coefficient of discharge = 0.64 A = area of orifice



= (∏/4) d2



d = diameter of orifice



= 0.02 m



Va 3. V1 = ------------ × TNTP m3/s TRTP Where, V1



= Actual volume of air compressed at NTP m3/s
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Va



= Actual volume of air compressed m3/s



TNTP



= 273 K



TRTP



= 273 + Room temperature in K



∏ × D2 × L× Nc 4. V2 = ---------------------------4 × 60



m3/s



Where, V2



= Theoretical volume of air compressed m3/s



D



= Diameter of cylinder = 0.1 m



L



= Stroke length = 0.085 m



Nc



= Speed of the compressor



V1 5. V.E. = ----------- ×100 % V2 Where, V.E



= Volumetric efficiency



V1



= Actual volume of air compressed at NTP m3/s



V2



= Theoretical volume of air compressed m3/s



ln (r) ×Pa × Va 6. I.P. = -----------------------------1000



KW



Where, Iso.P = Isothermal Power Pa + Pg r = ------------------Pa r



= Compression ratio



Pa



= Atmospheric pressure N/m2 ( 1.01325 x 105 N/m2)



Pg



= Pressure in the tank N/m2 (Pressure gauge reading x 105)
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7. I.P.



=



35 2× ∏ ×Nm × ( T × 9.81) ------ × ------------------------------ η motor KW 30 60000



Where, I.P.



= Input Power



Nm



= Motor speed rpm



T



= Torque on the motor Kg.m



ηmotor = 0.9



8. I.E =



Iso. P. ---------------- × 100 I.P.



Where, I.E.



= Isothermal Efficiency



Iso.P. = Isothermal Power I.P.



= Input Power



GRAPH: 1. Gauge pressure Vs Volumetric efficiency 2. Gauge pressure Vs Isothermal efficiency RESULT: The performance test on the given air compressor test rig is conducted and the volumetric and isothermal efficiencies are determined at various delivery pressures and the characteristic curves are drawn.
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REVIEW QUESTIONS:



1. What is a plenum chamber? Why it is used? 2. What is the purpose of an inter cooler in an air compressor? 3. What will happen if the compressor is allowed to run for a very long time by closing its delivery valve? 4. How do you define volumetric efficiency and isothermal efficiency of a compressor? Plot it Vs gauge pressure. 5. What is the reason for increase in isothermal efficiency with gauge pressure? 6. What is the reason for decrease in volumetric efficiency with gauge pressure? 7. What is the actual thermodynamic process during compression? 8. Why there is a difference discharge equation for pin fin apparatus and air compressor? 9. Convert 150 mm of Hg in to Pascal. 10. Plot PVn=Constant and PV=Constant process on a PV diagram and show how will you calculate the isothermal efficiency? 11. Why are fins provided around the LP cylinders and the connecting pipe? 12. What is the type of dynamometer used for measuring the motor output? Explain its working principle. 13. What is the pressure control device incorporated in the setup and explain its use.
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PERFORMANCE TEST ON SINGLE CYLINDER TWO STROKE PETROL ENGINE (BAJAJ)



AIM: To perform a load test on the given engine and to draw the performance characteristic curves. APPARATUS REQUIRED: 4. The engine test rig 5. Stop-watch NAME PLATE DETAILS ENGINE:



Engine Make



: Bajaj



Rated Power



: 4KW



Rated Speed



: 3000 rpm



Volume



: 100cc



Cooling Medium



: Air cooled



LOADING TYPE



: ROPE BRAKE DYNAMOMETER



FUEL PROPERTIES: Fuel



:Petrol



Specific gravity of fuel



= 0.78 gm/cc



Calorific value



= 44,000 kJ/kg



38



BRIEF THEORY OF THE EXPERIMENT: A load test on an engine provides information regarding the performance characteristics of the engine. Engine performance varies with both load on the engine as well as the engine speed. However stationary engines operate at a constant speed. The performance characteristics of such engines are obtained by varying the load on the engine. EXPERIMENTAL SETUP: The compact and single engine test rig consisting of a two stroke, single cylinder, air cooled, variable speed petrol engine coupled to a balanced brake drum by the flange coupling. The engine is kick-start type. A brake drum is mounted on a shaft with bearing blocks. Continuous water supply arrangement is provided to the brake drum for cooling. Rope braking arrangements with spring balances are provided for loading the engine. Screws rods are provided for easy loading. The whole arrangement is mounted on a sturdy iron channel base plate. The control panel houses a water manometer, a multi-point digital temperature indicator and a digital rpm meter. A burette with a three-way cock is used for the fuel flow measurement. The fuel line is connected with a three way cock for the experimental needs such as (i). To supply fuel from the fuel tank to the engine, (ii). To fill fuel in the burette from the fuel tank (iii). To supply fuel from the burette to the engine. PRECAUTIONS: 1. The engine should be checked for no load condition. 2. The level of fuel in the fuel tank should be checked. 3. The cooling water inlet for brake drum should be opened when loading. STARTING THE ENGINE: 1. Open the fuel supply 2. Switch ‘ON’ the ignition key and kick the starting pedal. 3. Throttle the engine to the rated speed and allow it to warm up
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STOPPING THE ENGINE: 1. Switch ‘OFF’ the ignition Key. PROCEDURE: 21. Start the engine at no load and allow idling for some time till the engine warm up. 22. Note down the time taken for 10cc of fuel consumption using stopwatch and fuel measuring burette. 23. Open the fuel line to fill burette and supply fuel to run the engine from the fuel tank again. 24. Load the engine gradually to the desired value. 25. Allow the engine to run at this load for some time in order to reach steady state condition and note down the time taken for 10 cc of fuel consumption. 26. Repeat the experiment by applying additional loads to the desired values. 27. Release the load gradually and stop the engine. 28. Tabulate the readings as shown and calculate the result. OBSERVATION TABLE: Sl.No.



Percentage of



Calculated



Applied



Time for 10cc of fuel



Load



Load



Load



consumption, sec



%



Kgf



kgf



T1



T2



T ave
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DETERMINATION OF MAXIMUM LOAD: Brake power × 60 ×1000 = -------------------------------------- kgf 2ΠRN×9.81 SPECIMEN CALCULATIONS: (S-W)



X 1. Total fuel consumption



3600



------ × specific gravity of fuel × --------- kg/hr Time 1000



=



Where, X – Quantity of fuel consumed in cc (Burette reading) Specific gravity of petrol = 0.7 2. Brake power



=



Where, T= (S-W) R × 9.81



N-m



2ΠN T ------------------ kW 60 × 1000



T = Torque S = Spring balance reading W= Loading weight R = Brake drum radius



3. Specific fuel consumption =



Total fuel consumption ----------------------------------Brake power



kg/kw.hr



4. From the graph drawn between brake power and total fuel consumption, The frictional power is found by the extrapolation method Frictional horse power 5. Indicated power



=



KW



=



Brake power + Frictional power. kW
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6. Mechanical efficiency



7. Brake thermal efficiency



=



Brake power ------------------- × 100 % Indicated power



=



Brake power × 3600 --------------------------------------------- ×100 % Total fuel consumption × calorific value



RESULTANT TABULATION: % of Load



B.P.



T.F.C.



S.F.C.



F.P.



I.P.



Mech. Efficiency



(%)



(KW)



(Kg/hr)



(Kg/kw.hr)



(KW)



(KW)



(%)



Brake Thermal Efficiency (%)



GRAPHS: B.P. Vs T.F.C. B.P. Vs S.F.C. B.P. Vs Mechanical efficiency B.P. Vs Brake Thermal efficiency RESULT: Load test on the given engine is performed and performance characteristic curves are drawn.
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REVIEW QUESTIONS: 11. How to start and stop the engine? 12. What is the purpose of the accelerator? 13. How the speed of the engine is maintained constant at all loads? 14. What is the type of dynamometer is employed? 15. Give reasons for valve timing greater than 180º? 16. What is the type of cooling employed? 17. How the engine is lubricated? 18. How the economic load of the engine is determined?
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PERFORMANCE TEST ON SINGLE CYLINDER FOUR STROKE PETROL ENGINE AIM: To perform a load test on the given engine and to draw the performance characteristic curves. APPARATUS REQUIRED: 6. The engine test rig 7. Stop-watch ENGINE SPECIFICATION: Power output



: 4.1 KW



Displacement



: 163 cc



Compression ratio



: 8.5:1



Rated speed



: 3600 rpm



Max. Torque



: 10 N-m



Cooling type



: Air Cooled



Fuel consumption



: 0.313Kg/Kwh



LOADING TYPE



: ELECTRICAL LOADING



FUEL PROPERTIES: Fuel: Petrol Specific gravity of fuel= 0.7 gm/cc Calorific value



= 44,000 KJ/Kg
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BRIEF THEORY OF THE EXPERIMENT: A load test on an engine provides information regarding the performance characteristics of the engine. Engine performance varies with both load on the engine as well as the engine speed. However stationary engines operate at a constant speed. The performance characteristics of such engines are obtained by varying the load on the engine. EXPERIMENTAL SETUP: The compact and simple engine test rig consisting of a four stroke single cylinder, water cooled, constant speed engine coupled to an alternator by flexible coupling. The engine is started by hand cranking method using a rope. The engine is loaded using an electrical loading bank. The loading arrangement consists of a set of lamps and switches on the panel board. A voltmeter and an ammeter are placed on the panel board to record the load on the alternator. The instrumentation panel houses a U tube manometer for air flow measurement. The one end of the U tube is connected with an air box and the other end is open to atmosphere. An orifice is fixed on the air box which in turn connected to the inlet manifold of the engine. A digital temperature indicator is used to measure temperature of exhaust gas. A burette with a three way cock is used for the fuel flow measurement. The fuel inlet to the engine is connected through a three way cock for the experimental needs as follows. (i). To supply fuel from fuel tank to the engine, (ii). To fill fuel in the burette from the fuel tank and (iii). To supply fuel from the burette to the engine. PRECAUTIONS: 9. The engine should be checked for no load condition. 10. The level of fuel in the fuel tank should be checked. 11. The lubrication oil level is to be checked before starting the engine. STARTING THE ENGINE: 9. Wound the rope and pull it to rotate the engine shaft. 10. Now the engine will pick up. 11. Allow the engine to warm up.
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STOPPING THE ENGINE: 1. Cut the ignition to stop the engine. PROCEDURE: 29. Start the engine at no load and allow idling for some time till the engine warm up. 30. Note down the time taken for 10cc of fuel consumption using stopwatch and a fuel measuring burette. 31. Open the fuel line to fill burette and supply fuel to run the engine from the fuel tank again. 32. Load the engine gradually to the desired valve by switching on lamps. 33. Allow the engine to run at this load for some time in order to reach steady state condition, and note down the time taken for 10 cc of fuel consumption. 34. Note down the voltmeter, ammeter and torque meter readings. 35. Repeat the experiment by switch ON additional lamps up to 10 to 14 bulbs. 36. Release the load by switching “OFF” the lamps slowly one by one and stop the engine. 37. Tabulate the readings as shown and calculate the result.



Time for ‘x’ cc of fuel consumption (sec)



Speed (N) rpm (N×5.3)



Torque Nm



Ammeter Reading (Amps)



Voltmeter Reading (Volts)



% of Load (%)



No. of Lamps



Sl. No.



OBSERVATION TABLE:
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DETERMINATION OF MAXIMUM LOAD:



I



Brake power × Alternator efficiency = --------------------------------------------------- kW V cos φ



SPECIMEN CALCULATIONS: 1. Total fuel consumption (T.F.C.)



X 3600 = ----- × specific gravity of fuel × --------- Kg/hr Time 1000



Where, X – Quantity of fuel consumed in cc (Burette reading) Specific gravity of fuel = 0.85 gm/cc



2. Brake power (B.P.)



2πN = T × ----------------- kW 60 ×103



Where, N - Engine speed T- Torque N-m.



TFC 3. Specific fuel consumption = ---------- kg/kw.hr (S.F.C.) B.P 4. From the graph drawn between brake power and total fuel consumption, the frictional power is found by extrapolation method. Frictional Power (F.P.)



=



KW



5. Indicated power (I.P.)



= Brake power + Frictional power



6. Mechanical efficiency



Brake power = ------------------------------ ×100 % Indicated power



KW



47



7. Brake thermal efficiency



Brake power × 3600 = -------------------------------------------------- ×100 % Total fuel consumption × Calorific value



RESULTANT TABULATION: % of Load



B.P.



T.F.C.



S.F.C.



F.P.



I.P.



Mech. Efficiency



(%)



(KW)



(Kg/hr)



(Kg/kw.hr)



(KW)



(KW)



(%)



Brake Thermal Efficiency (%)



GRAPHS: B.P. Vs T.F.C. B.P. Vs S.F.C. B.P. Vs Mechanical efficiency B.P. Vs Brake Thermal efficiency RESULT: Load test on the given engine is performed and performance characteristic curves are drawn.
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REVIEW QUESTIONS: 19. How to start and stop the engine? 20. How the speed of the engine is maintained constant at all loads? 21. What is the normal fuel injection pressure in a S.I. engine? 22. What is the speed ratio between a cam shaft and a crank shaft? 23. What is the type of dynamometer employed? 24. Give reasons for valve timing greater than 180º? 25. What is the type of cooling employed? 26. Define Brake thermal efficiency and Indicated thermal efficiency. 27. What are the ways to determine the frictional power of an engine? 28. How the torque is measured?
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KINEMATIC VISCOSITY USING CAPILLARY VISCOMETER



AIM:



To determine the kinematic viscosity of a given oil at different temperatures using capillary viscometer.



APPARATUS REQUIRED: 1. Capillary viscometer 2. Constant temperature water bath 3. Stop watch.



PROCEDURE: 1. Take the required amount of oil sample. 2. Pass the sample through the filter in order to remove the dust particles and store it in a glass bottle. 3. Select a suitable capillary viscometer and clean with suitable solvent. 4. Transfer 15ml of filtered oil sample into the reservoir through the filling tube. 5. Hang the viscometer into the constant temperature bath. 6. Take measurement after attaining equilibrium state. 7. Apply vacuum to the venting tube for filling oil to the reference level vessel, the capillary tube, the measuring sphere and the pre run sphere. 8. Discontinue suction in order to open the venting tube. 9. Measure the flow time from upper timing mark to lower timing mark. 10. Calculate the kinematic viscosity using the formula.
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OBSERVATION TABLE:



Oil Sample:



Viscometer type:



Sl. No.



Temperature



Time



Viscosity



(oC)



(Sec)



(Centistokes)



SPECIMEN CALCULATION: Kinematic Viscosity m = k (t-y) Where, K - Constant (0.1), (0.01) t - flow time (Sec) y - Kinematic energy correction factor (0.07), (0.01) RESULT: The kinematic viscosity of the given sample oil is =



Centistokes



INFERENCE: 1. Viscosity decreases with increase in temperature. 2. The curves obtained follow almost a linear pattern with slight decrease in slope with increase in temperature (i.e. rate of decrease of viscosity with temperature). 3. Both the viscosity and rate of decrease of viscosity with temperature (i.e. slope) were very high for cotton seed oil as compared to diesel oil.
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