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HEAT TRANSFER (Chemical Engineering) Time: 3 hours



Max. Marks: 80



1.



k1= 0.05 (1+0.008T) w/mK
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Answer all questions All questions carry equal marks --Find the steady state heat flux through the infinite composite slab made up of two materials. Also find the interface temperature Ti. The thermal conductivities of the two materials vary linearly with temperature as
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Where T is oC



600C



30C



10cm Derive an equation for temperature distribution in a hollow sphere. Hot gas at a constant temperature of 400oC is contained in a spherical shell (2000mm 1D, 50mm thick) made of steel. Mineral wool insulation (k=0.06 w/m-k) of thickness 100mm is wrapped all around it. Calculate the steady rate at which heat will flow out if the outside air is at a temperature of 30oC. HTC on the inner surface of the steel shell and on the outer surface of the insulation is 15 w/m2K.



What do you understand by hydrodynamic & thermal boundary layers? Illustrate with reference to flow over a heated flat plate. How is the boundary layer thickness defined? A steam pipe 0.05 m diameter and 2.5 m long has been placed horizontally and exposed to still air at 25C. If the pipe wall temperature is 295C, determine the rate of heat loss. At the mean temperature of 160C, the thermophysical properties of air are: Thermal conductivity is 0.036 W/(m.K) Kinematic viscosity is 30.09  10-6 m2/s Pr = 0.682. For laminar flow over horizontal cylinders within the range 103 < (Gr.Pr) < 109, use Nu = 0.53 (GrPr)0.25.
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k2= 0.04 (1+0.075T) w/mK
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Explain the physical significance of the dimensionless groups Prandtl number and Nusselt number. A nuclear reactor with its core constructed of parallel vertical plates 2.25m high and 1.5m wide has been designed on free convection heating of liquid Bismuth. Metallurgical considerations limit the maximum surface temperature
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of the plate to be 975C and the lowest allowable temperature of Bismuth is 325C. Estimate maximum possible heat dissipation from both sides of each plate. The appropriate correlation for convection coefficient is Nu = 0.13 (Gr.Pr) 0.33 where the different parameters are evaluated at mean film temperature. Thermophysical properties of Bismuth at mean film temperature are: Density 104 Kg/m3 Thermal conductivity 13.02 W/MK Specific heat 150.7 J/KgK Viscosity is 3.12 Kg/m-hr. Explain about nucleate boiling. Explain about Heat Transfer in boiling.



6.



A black body of total area 0.045 m2 is completely enclosed in a sphere bounded by 5 cm thick walls. The walls have a surface area 0.5 m2 and the thermal conductivity is 1.1 W/m.C if the inner surface of the enveloping wall is to be mainitained at 215 C and the outer wall surface is at 30 C calculate the temperature of the black body. Black body radiation constant =  = 5.67 10 -8 W/m2 K4.



7.a) b)



Classify heat exchangers. Write a brief note on internal accessories of a heat exchanger.



8.



1.5 kg/s of a solution containing 1.0 wt% solids is fed to a single effect evaporator at 303K. It is to be concentrated to a solution of 1.5 wt% of solids. Evaporation takes place at atmospheric pressure. Saturated steam is supplied at 205 kN/m2 for heating. If the overall heat transfer coefficient is 3000 W/m2K, what is the surface area required?. Suitable assumptions may be made, if necessary. Saturation temperature of steam at 205 kN/m2 = 125oC Latent heat of vaporization = 2200 kJ/kg
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HEAT TRANSFER (Chemical Engineering) Time: 3 hours



Answer all questions All questions carry equal marks --A road tanker carrying liquid O2 in a large spherical vessel 2500 mm 1D is to cover a non-stop journey of 150km at an average speed of 50 kmph during which it is required that not more than 1% of liquid O2 evaporates. To avoid loss of oxygen the vessel is insulated outside with a lagging material of k = 0.075 w/mK. If the vessel is initially 80% full what should be the thickness of insulation so that the liquid O2 tanker can make the fore said journey fulfilling the desired objective. Temperature of surrounding air = 290 K, HTC of air film outside the lagging surface = 5 w/m2K Latent heat of evaporation of O2 = 215 kJ/kg, ρ = 1140 kg/m3 BP of O2 =90 K



T2



A furnace wall consists of 3 layers, 1st a layer of heat resistant of refractory brick, 2nd a layer of insulating brick and finally, a steel plate for mechanical protection, which is 0.63cm thick. Calculate the thickness of each layer of brick to give min total wall thickness if the heat loss through the wall is to be 1.56 w/m2, assuming that layers are in good thermal contact.
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I Brick 0.63 thick



37.78C



Maximum service K(w/cm.oC) Temperature oC at 37.78oC Red brick 1426.67 0.031 I. Brick 1093.30 0.016 Steel 0.45 Material



FR brick



at 1093.3oC 0.062 0.031
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Explain heat transfer in packed beds. Explain the usage of analogy equations in heat transfer. Kerosene is heated by hot water in a shell and tube heat exchanger. The tube side fluid is kerosene whose average temperature is 316K. The tube side velocity is 1.5 m/s. Calculate the tube side film coefficient. Tube inner diameter is 0.0126 m. Tube outer diameter is 0.0159 m. Kerosene properties at 316K: Specific gravity 0.805 Thermal conductivity 0.15 W/MK Specific heat 2.4 KJ/KgK Viscosity is 0.0015 NS/m2. Write short notes on: (a) Critical temperature drop (c) Leidenfrost point



(b) Transition boiling (d) Nucleate boiling.
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How is the coefficient of cubical expansion for liquids evaluated? Derive the expression for the same. Air at 25C flows normally to 0.03m outer diameter water pipe with a velocity of 1m/s. If the surface temperature of the pipe is 75C, estimate the heat transfer per unit length. Use the correlation Nu = 0.683 (Pr)0.333(Re)0.466. The relevant properties of air are: Thermal conductivity is 0.0282 W/(m.K). Kinematic viscosity is 1.795  10-5 m2/s. Pr is 0.698.
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A polished metal pipe 5 cm outside diameter and 370 K temperature at the outer surface is exposed to ambient conditions at 295 K temperature. The emissivity of the surface is 0.2 and the convection coefficient of heat transfer is 15 W/m2.K. calculate the heat transfer by radiation and natural convection per meter length of the pipe. Take the thermal radiation constant sigma = 5.67 10 -8 W/m2 K4.



7.a)



Hot oil (Cp=5.2 kJ/kg.k) with a capacity rate of 2800 Kg/min flows through a double pipe heat exchanger. It enters at 380oC and leaves at 300oC. Cold oil (Cp = 4.8 kJ/kgok) enters at 30oC and leaves at 200oC. If the overall heat transfer coefficient is 1000 W/m2K, determine the heat transfer area required for (i) Parallel flow and (ii) Counter flow Define overall heat transfer coefficient and write an expression for it by accounting fouling resistances at the inner and outer tube surfaces in shell and tube heat exchanger.
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Explain the method of calculation for a single effect evaporator when there is (i) no elevation of boiling point and (ii) elevation of boiling point. Distinguish between a shell and tube heat exchanger and a cross flow heat exchanger. How does one determine the rate of heat transfer in a heat exchanger if its effectiveness is known? (((*)))
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HEAT TRANSFER (Chemical Engineering) Time: 3 hours



Max. Marks: 80 Answer all questions All questions carry equal marks



Liquid N2 is stored in a spherical container 0.35 mdiameter at one atm. total pr. The saturation temperature of N2 is 7704 K, the latent heat of evaporation is 200 KJ/kg and the specific volume of saturated liquid and saturated vapor are 0.00125 and 0.127 m3/kg respectively. It is desired to insulate the outside of the spherical steel container with asbestos such that some liquid N2 will remain 36 hours after the vessel is filled. How thick should the asbestos insulation layer be? The vessel is vented to the atmosphere. At 2974 K and the outside surface co-efficient is 45 w/m K? How fast will half of the liquid N2 in the specific vessel be lost if the 6.35mm steel container is not insulated with the same ho 45 w/m K?



2.



The chill wind, which is experienced on a cold windy day is due to increased H.T. from exposed human skin to atmosphere. Consider a layer of fatty tissue (k= 0.2 w/mK) 3mm thick whose interior surface is kept at 36oC. On a calm day the convection HTC at outer surface is 25 w/m2K but with 50kmph wind it reaches 65 w/m2 K. If the ambient temperature is –150C in both cases. What is the ratio of heat loss per unit area of skin for the calm day to that for windy day? 6 What will be the skin outer surface temperature for calm and windy day? 6 What temperature would the calm air have to attain to produce the same heat loss as on the windy day?



b) c)



Define Reynolds number. Why is it important? What is Dittus-Boelter equation? When does it apply? A vertical plate at 100C is 1 m wide and 20 cm high. It rests in still air at 1 atm and 20C. Determine the local heat transfer coefficient at 10 cm from the leading edge of the plate. The properties of the air at film temperature may be taken as: Thermal conductivity is 0.03 W/(m.K) Viscosity is 2.0310-5 PaS Density is 1.00 kg/m3. Specific heat 1.01 kJ/(kg.K)
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Water must be heated from 15 to 50C in a simple double-pipe heat exchanger at a rate of 4 m3/h. The water is flowing inside the inner tube with steam condensing at 110C on the outside. The tube wall is so thin that the wall resistance may be neglected. The linear velocity of water in the tube is 1.25 m/s. Assume the steam-film coefficient ho is 11000 W/ (m2.K). What is the length of the shortest heat exchanger that will heat the water to the desired temperature? Average properties of water: Thermal conductivity is 0.61 W/(m.K) Viscosity is 0.7810 -3 kg/m.s Density is 993 kg/m3. Specific heat is 4190 J/kgK.



5.a) b)



Write a short notes on pool boiling of saturated liquid. Explain the effect of pressure on maximum boiling heat flux and critical temperature drop.



6.a)



Define monochromatic and total emissive power. How is the later related to the absolute temperature? Describe how the monochromatic emissive power varies with the wave length for emissions from a black body? At what eave length is the black body monochromatic emissive power the maximum?
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With a neat diagram explain a double pipe heat exchanger Explain with neat diagram the temperature profiles for parallel current and counter current heat exchanger. Define capacity and economy of an evaporator. A solution is to be concentrated from 10 % to 50% solids in a single effect evaporator. Steam is available at 2 bar absolute. The vapour space inside the evaporator is at 100 mm Hg vacuum. The feed rate to the evaporator is 25,000 kg/hr. Overall heat transfer coefficient is 2840 W/m2oC. Specific heat of solution is 3700 J/kgoC. Calculate the area of heating surface required if the feed is at 50oC. Latent heat of vaporization at steam temperature = 2197 kJ/kg, at temperature in vapour space = 2375 kJ/kg. Specific whose feed solution in 3.77 kJ/kg K.
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HEAT TRANSFER (Chemical Engineering) Time: 3 hours



Max. Marks: 80 Answer all questions All questions carry equal marks



A hot gas at 573ok flows through a long metal pipe of 0.1m OD and 0.003m thick. From the stand point of safety and of reducing heat loss from the pipe, mineral wool insulation (k=0.052 w/mok) is wrapped around so that the exposed surface of the insulation is at a temperature of 323ok. Calculate the thickness of insulation required to achieve this temperature if hi = 29 w/m2 k, ho = 11.6 w/m2 k and the surrounding air temperature in 298ok. Also calculate the corresponding heat transfer rate per unit length.



2.



A pipe of outer diameter 50mm maintained at 1100K is covered with 50mm insulation of k 0.17 w/mK. Would it be feasible to use magnesia insulation, which will not stand temperature above 615K and has k = 0.09 w/mK for an additional layer thick enough to reduce the outer surface temperature to 370K in surroundings at 280K, take surface coefficient of HT by radiation and convection as 10 w/m2K. r=?



or
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 Ta280K



50mm



What is Prandtl number? Explain its physical significance in detail. Explain how film coefficient is evaluated for heat transfer by forced convection in laminar flow, turbulent flow, and transition flow of fluids through circular tubes.
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3.a) b)



0.04 kg/s of 34API crude oil is flowing through tube whose inner diameter is 0.022 m. If a 3.65 m length of the tube is maintained at 99C by means of a steam jacket, estimate the increase in the mean temperature of the oil as it passes through the heated section. The relevant physical properties of oil are as follows: Property 857 Density kg/m3 Kinematic Viscosity m2/s 5.110-6 Thermal conductivity W/ (m.K) 0.134 Specific heat J/(kg.K) 2036 Contd…..2
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Explain about film boiling. Discuss the merits and demerits of film wise and drop wise condensation.



6.



Discuss the following: a) Square of the distance effect b) Radiation to semitransparent materials



7.a)



Derive the relationship between effectiveness and number of transfer units for a parallel flow heat exchanger. Determine the heat transfer area required for a heat exchanger constructed from a 2 cm OD tube to cool 26,000 kg/hr of an alcohol solution (Cp =3.81 kJ/kgK) from 90 to 50oC, using H2O which enters at 20oC and leaves at 40oC and for the following arrangements: (1) co current shell and tube (2) counter current shell and tube heat exchanger, alcohol in shell and H2O through the tubes. (Assume correction factor for LMTD = 0.95). Assume that the overall heat transfer coefficient based on the outer tube area is 830 kJ/hrm2K.



A solution is concentrated from 20 % to 65% solids. (Specific heat of feed 0.3) Steam at 2 atm is used. Pressure in the condenser is 100 mm Hg absolute. Feed enters at 25oC, overall heat transfer coefficient is 1800 W/m2oC. The evaporator must evaporate 20,000 kg/hr of water as vapour. Calculate the steam needed, economy and heat transfer area required. s = 2197 kJ/kg,  = 2375 kJ/kg. (((*)))
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