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THERMAL ENGINEERING AND HEAT TRANSFER (common to Production Engineering, Mechatronics.) Time: 3 hours



2.a) b) c) 3.a) b)



c)
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Answer any FIVE questions All questions carry equal marks --With the help of neat sketch, describe the working of a four-stroke engine. With the help of P-V diagram and T-S diagram explain otto cycle, clearly showing the processes during which heat is supplied and rejected. An engine of 250 mm bore and 375 mm stroke works on otto cycle. The clearance volume is 0.00263 m3. The initial pressure and temperature are 1 bar and 50oC. If the maximum pressure is limited to 25 bar, find air standard efficiency of the cycle and mean effective pressure for the cycle. Assume ideal conditions. What is meant by carburetion? Explain the various factors that affect the process of carburetion. What is the purpose of a fuel injector? Mention the various parts of an injector assembly. What are the two main types of cooling systems? Where are these systems used?
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Max. Marks:80



What are the methods of measuring friction power? A rope brake was used to measure the brake power of a single cylinder, fourstroke cycle petrol engine. It was found that the torque due to brake load is 175 N-m and the engine makes 500 rpm. Determine the brake power developed by the engine. Describe with a neat sketch, the working of open cycle gas turbine. What are the modes of heat transfer. Explain. A cylindrical insulation for a steam pipe has an inside radius ri=6cm, outside radius ro=8cm and thermal conductivity K=0.5 W/mK. The inside surface of insulation is at a temperature Ti=430oC and outside surface temperature To=30oC. Determine the heat loss per metre length of this insulation.



5.



Using dimensional analysis, obtain a relation for forced convection. Explain the significance of various non-dimensional numbers obtained.
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8.



Explain the concept of boundary layer. What are the different types of boundary layers? Water at 50oC enters 1.5 cm diameter and 3 m long tube with a velocity of 1.5 m/s. The tube wall is maintained at 100oC. Calculate the heat transfer coefficient and total amount of heat transferred, if the exit temperature is 70oC.
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What is monochromatic emissive power of a blackbody? With the aid of a sketch, explain Wein’s displacement law. Calculate the heat flux emitted due to thermal radiation from a black surface at 6000oC. At what wavelength is the monochromatic emissive power maximum and what is that maximum emissive power. Write short notes on: a) Comparison between otto and Diesel engines. b) Measurement of mep. c) Applications of gas turbines. d) Concept of shape factor in radiation.
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THERMAL ENGINEERING AND HEAT TRANSFER (common to Production Engineering, Mechatronics.) Max. Marks:80 Answer any FIVE questions All questions carry equal marks ---



.in



Time: 3 hours



Discuss the relative characteristics of a two stroke and four stroke cycle engines. Compare and contrast four stroke and two stroke cycle engines. A diesel engine has a stroke of 27 cm and cylinder of 16.5 cm dia. The clearance volume is 434 cm3. Cut off occurs at 4.5% of stroke. Find its air standard efficiency. Take ratio of specific heats=1.4.



2.a)



What is the necessity of a carburetor? Sketch and describe briefly the working of a simple carburetor. What are the requirements of fuel injection system. What are the various components to be lubricated in an engine and explain how it is accomplished?



3.a) b)



4.a)



Discuss relative advantages and disadvantages of closed and open cycle gas turbine plants. What are the various methods of improving the performance of gas turbines.
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What is a heat balance sheet? Explain in detail the procedure for the preparation of heat balance sheet for an engine? A 4 cylinder four stroke petrol engine develops 14.7 kW at 1000 rpm, the mean effective pressure is 5.5 bar. Calculate the bore and stroke of the engine, if the length of stroke is 1.5 times the bore.
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Derive the general heat conduction equation in Cartesian coordinate system. What is the total rate of heat loss per hour from a 0.5 m x 0.5 m x 1.0 m container having 5cm thick walls made of an insulated material of thermal conductivity 0.04 W/mK for the temperature difference of 30oC between the inside and outside. Neglect the thermal resistances for the heat transfer coefficients at the inside and outside surfaces.
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Where do you use the concept of film temperature in the estimation of the properties of fluid. Water entering at 10oC is heated to 40oC in a tube of 0.02m ID at a mass flow rate of 0.01 kg/s. The outside of the tube is covered with an insulated electric heating element that produces a uniform heat flux of 15,000 W/m2 over the surface. Assuming the flow to be fully developed, estimate the heat transfer coefficient. Take density = 997 kg/m3 Special Heat = 4180 J/kg K Thermal conductivity = 0.608 W/mK Absolute viscosity = 910 x 10-6 Ns/m2.
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What is a black body. Explain the concept of a black body. What is the difference between emitted radiation and reflected radiation. A black body at a temperature of 1000 K is emitting radiation. What is the wave length at which the maximum spectral emission occurs?



8.



Write short notes on: a) Dimensional analysis. b) Methods of fuel admission into the cylinder. c) Need for engine cooling. d) Multi mode heat transfer.
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THERMAL ENGINEERING AND HEAT TRANSFER (common to Production Engineering, Mechatronics.) Max. Marks:80 Answer any FIVE questions All questions carry equal marks ---



2.a) b) c) 3.a) b)



Explain why a simple carburetor cannot meet the engine requirement. What are the main functions of an injection pump? What are two types of injection pumps that are commonly used? What are the various characteristics of an efficient cooling system? What are the methods for measuring indicated power? The following refers to a test on a petrol engine. Indicated power = 30 kW Brake power = 26 kW Fuel consumption per hour = 9.1 kg/hr Calorific value of fuel used = 43,900 kJ/kg Calculate: (i) The indicated thermal efficiency. (ii) The brake thermal efficiency. (iii) Mechanical efficiency. Describe briefly the methods employed for improving the thermal efficiency of open cycle gas turbine plant.
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What is an Internal Combustion engine? How are these engines classified? Describe the operating principle of a 4-stroke petrol engine with neat sketches. Describe the operating principle of a four-stroke diesel engine and describe the process occurring in each stroke. The efficiency of an otto cycle is 60% and r=1.5. What is the compression ratio.
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A surface is at 200oC and exposed to surroundings at 60oC and convects and radiates heat to the surroundings. Calculate the heat transfer rate from the surface to the surroundings, if the convective heat transfer coefficient is 80 W/m2K. Consider the surface as black body for radiation heat transfer. Show that the resistance R to the motion of a sphere of diameter D, moving with uniform velocity, V through a real fluid of density  and viscosity  is given by     . R=  D2 V2 f   VD  Contd……2
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What are the different types of boundary conditions that are commonly used. How are these boundary conditions expressed in mathematical form? Consider a plane wall of 20mm thick. The inner surface is kept at 400oC and the outer surface is exposed to an environment at 800oC with a heat transfer coefficient of 12 W/m2K. If the temperature of the outer surface is 685oC, calculate the thermal conductivity of the wall.
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List the various non-dimensional numbers and their significance in brief. Atmospheric air at 273 K and free stream velocity of 20 m/s flows over a 1.5m long flat plate maintained at a uniform temperature of 325 K. Calculate the average heat transfer coefficient over the region of laminar boundary layer. The properties of air can be taken as K=0.026 W/mK Pr=0.708 =16.8 x 10-6 m2/s.



7.a) b) c)



State and explain Kirchoff’s law of radiation. Explain the concept of view factor. Estimate the maximum amount of energy leaving a surface of area 0.5 m2 and maintained at a temperature of 227oC.



8.



Write short notes on: a) Dual combustion cycles. b) Heat balance of an IC engine. c) Modes of heat transfer. d) Boundary layer concept.
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THERMAL ENGINEERING AND HEAT TRANSFER (common to Production Engineering, Mechatronics.) Max. Marks:80 Answer any FIVE questions All questions carry equal marks ---
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Describe the working of two-stroke cycle petrol engine. Derive an expression for mean effective pressure of an otto cycle. Find the efficiencies of otto cycle of compression ratio 4 and 6, if the working medium in the cycle is air. Take  =1.4.



2.a) b) c)



What is the purpose of super charging an engine? Draw a schematic diagram of fuel feed pump and explain its working principle. Explain why a rich mixture is required for the following: (i) idling. (ii) maximum power. (iii) sudden acceleration.



3.a) b)



Describe the various methods of measuring fuel consumption. A two-stroke cycle internal combustion engine has a mean effective pressure of 6 bar. The speed of the engine is 1000 rpm. If the diameter of the pisson and stroke are 110 mm and 140 mm respectively, find the indicated power developed. Describe with a neat sketch the working of closed cycle gas turbine stating its merits and demerits. The inner surface at r=a and outer surface at r=b of a hollow cylinder are maintained at uniform temperatures T1 and T2 respectively. The thermal conductivity k of the solid is constant. Develop an expression for 1-D, steady state temperature distribution T(r) in the cylinder. Develop an expression for the radial heat flow, Q through the cylinder over a length, H.
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Explain Buckingham  theorem. Show that in free convection, the heat transfer coefficient is a function of Grashof and prandtl numbers.
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Where do you use the concept of bulk temperature in the estimation of the properties of the fluid. Air at 27oC and 1 atm. flows over a flat plate at a speed of 2m/s. Calculate the boundary layer thickness at a distance of 0.2m and 0.4m from the leading edge of the plate. Estimate the average heat transfer coefficient for a length of 0.4m. The viscosity of air at 27oC is 1.85 x 10-5 kg/m-s, thermal conductivity is 0.025 W/mK, density is 1.177 kg/m3. Assume unit depth in z-direction.
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What is meant by irradiation and Radiosity. What is ‘Gray body concept’. Two parallel, infinite gray surfaces are maintained at temperatures of 127oC and 227oC respectively. Assume the emissivities of colder and hotter surfaces to be 0.9 and 0.7 respectively. Estimate the net radiation exchange between the two surfaces.



8.



Write short notes on: a) Plank’s law of radiation. b) Multimode heat transfer. c) Methods to improve the performance of a gas turbine. d) Alternate fuels in IC engines.
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efficiency of the cycle and mean effective pressure for the cycle. ... b) Calculate the heat flux emitted due to thermal radiation from a black surface at · 6000. 
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