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Code No:R05421804 JAWAHARLAL NEHRU TECHNOLOGY UNIVERSITY, HYDERABAD R05 IV B.Tech. II Semester Regular Exams, April/May – 2009
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SIMULATION AND DATA PROCSSING



4
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(METALLURGY AND MATERIAL TECHNOLOGY) Time: 3 hours Max. Marks.80 Answer any Five questions All questions carry equal marks --1. Find the real root of the following equation using Regular False Method X3 -9X +1. [16] 2.



Evaluate ∫ e x dx using Simpson’s 1/3 rule.



3.



By using Rungekutta Method 3rd order formulae find y(0.25)when y =1 + xy and y(0)=1. [16]



4.



Derive the expression for heat flow through hollow sphere with uniform conductivity with out heat generation? [16]



5.a)



Calculate the increase in the enthalpy and the entropy of copper, when it is heated from room temperature (300K) to 1000K. The specific heat in this temperature range is given by Cp = 22.61 + 6.27 x 10-3 T J/mol/K. Calculate the entropy increase when one mole of ice melts into water at 00C Given the latent heat of fusion of ice ∆H = 6.02 kJ/mol/K. Calculate the entropy change and the free energy change during the melting of gold at its melting point (1336K). The enthalpy of fusion for gold is 12.6 kJ/mol. [16]



c)



The equation for the reduction of Fe2 O3 + xCO = 2Fe + 3CO2+y CO The pig iron carries 94% Fe and 3.6% carbon. The carbon is supplied by coke carrying 84% C. What is the equation for the reduction producing a CO: CO2 ratio of 2:1 and also calculate, the coke consumption in kilograms per ton of pig iron produced. [16]
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A blast furnace uses ore of the following composition: C = 4.0%, Si = 1.2%, Mn = 0.9%, Fe = 93.9% The ore smelted carries Fe2O3 80 percent MnO 1 percent SiO2 12 percent Al2O3, 3 percent and H2O 4 percent per ton of pig iron made out of 1,750 kg. ore used some iron is lost in the slag as FeO. The volume of gas produced is 4,200 cu.m. per ton of pig iron, and its composition is CO 26 percent, CO2 12 Percent, H2O 4 Percent and N2 58 percent. The coke has 90 percent C and 10 percent SiO2. The flux 480 kg per ton of pig iron is pure CaCO3. a) Find the kilograms of coke used per ton of pig iron. b) Find the carbon burned by the blast (all goes to CO), and the volume of CO formed from it. [16] Contd.…2



Aj



7.



[16]



::2:: 8.a) b)



Draw the unit cell of FCC structure and indicate [1 0 0], [1 1 0] and [1 1 1] directions. Calculate the packing density of FCC structure. [16]
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(METALLURGY AND MATERIAL TECHNOLOGY) Time: 3 hours Max. Marks.80 Answer any Five questions All questions carry equal marks --Find the real root of the following equation using Regular False Method X3 – X2 – 2 =0. [16] π



Evaluate



∫ sin X dx by dividing the range into equal parts using Simpson’s 1/3 0



rule.



or ld



2.



[16]



3.



Using Rungekutta Method of 4th order solve y′ = xy , y(1)=2 and x=1.2 with h=0.2? [16]



4.



Derive the expression for heat flow through composite slab?



5.a)



Calculate the change in enthalpy per mole and mean specific heat (change in enthalpy divided by temperature difference) of calcium of calcium oxide when it is heated from 250 to 9040C. Specific heat of calcium oxide is given by Cp = 11.86 + 1.08 x 10-3 T - 1.66 x 105 T-2 Carbon monoxide and 200 percent theoretical oxygen react to give products at high temperature and 1 atm pressure. The relative concentrations of CO and CO2 in the products are determined to be 2:3. Find Kp for the reaction. [16] Hematite ore contains 78% Fe2O3. It is reduced in a blast furnace using coke containing 80% C. The furnace gas must contain an excess of CO, the reduction having the form Fe2O3 + xCO = 2Fe + 3CO2+YCO Assume the ratio of CO : CO2 in the gas made is 7:4. The pig iron produced contains 93% Fe and 4% C prepare the reduction equation balanced with whole numbers and also calculate the coke consumption per metric ton of pig iron. [16]
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Contd…2



::2:: The ore used in an iron blast furnace was of the following composition: Fe2O3 = 85%, SiO2 = 11%, Al2O3 = 4%, for every 1.7kg of ore there were charged 1 kg of coke (90 percent carbon and 10 percent ash) and 0.25 kg. of limestone (assume pure CaCO3). The furnace Produced per day 500 Tons of pig iron containing 94% Fe, 4%C, and 2% Si. The volume of the blast was 3,150 cu.m. per ton of pig iron. a) Find the percentage of total heating value of the coke left available in the gas. b) Find the ratio of CO to CO2 in the blast-furnace gas, by volume. [16]



8.a)



What is the coordination number in hcp structure? Draw a neat diagram of hcp unit cell and indicate (0001), (10 1 0), and (01 1 0) planes. What is the ratio of c a in hcp unit cell under ideal conditions? Prove it. [16]
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Find the real root of the following equation using Regular False Method xeX =2. [16]



2.



Evaluate



1



dx



∫ 1+ x



2



or ld



1.



using by taking h=1/6 using Simpson’s 3/8 rule.



0



[16]



Use Rungekutta Method to evaluate at x=0.1, 0.2 and 0.3 given dy / dx = x + y, y(0)=1. [16]



4.



Derive three dimensional heat flow equation for conduction in polar coordinates? [16]



5.a)



Calculate the standard entropy of solid copper at 1073oC from the following data: 0 S300, < Cu > = 8.0 Cal/deg/mole



uW



3.



C p , = 5.41 + 1.50 x 10-3 T Cal/deg/mole. b)



[16]



1 Calculate the change in entropy for the reaction Pb ( l ) + O2 ( g ) = PbO ( s ) 2 0 0 ∆S 298 = −16.1cal / K p



) ) ) )



pb(1)



= 5.63 − 2.33 × 10−3 Tcal / gm.atom / 0 K = 7.75 − 0.174 × 10−3 Tcal / gm.atom / 0 K



nt



(C (C (C (C



p



pb(1)



p O g 2( ) p



pbo( s )



= 7.16 − 0.174 × 10−3 Tcal / gm.atom / 0 K = 9.05 − 6.4 × 10−3 Tcal / gm.atom / 0 K



Aj



Melting point of lead = 3270 C and Latent heat of fusion of lead = 1150 cal/gm.atom. [16]



Contd…2



::2:: A Basic Bessemer converter is charged with 20 tons of pig iron with 3.6% C, 1%Si, 1.5% Mn and 2.4%P. The blow oxidizes all the C, Si, Mn and P and also Fe amounting to 5.6% of the pig iron. Assume that the iron is oxidized at a uniform rate throughout the blow. Enough CaO is added to make 35% CaO in the slag. Two-thirds of the C goes to CO and one-third to CO2. The blowing engines furnish 600 cu.m. of air per minute. Calculate: a) The volume of air necessary to blow the charge b) The length of each period of the blow and c) The weight of CaO to be added, and the percentage composition of the slag. [16]



7.



Iron ore of the following composition was smelted in a blast furnace. Fe2O3 = 82%, SiO2 = 10%, Al2O3 = 5%, H2O = 3% The flux used was CaCO3 (assumed Pure), and the coke was 88 percent C, 1% H, and 11%Sio2 perton of ore smelted, there were used 600 Kg of coke, 120Kg of flux and 2,140 cu.m. of blast, and there was produced 590Kg. of pig iron analyzing 95 percent Fe, 3.5 C, 1.5 Si. a) Find the weight of slag made per ton or ore, and its percentage composition. b) Find the weight of blast used per ton of pig iron made, and its volume measured under the conditions used, viz., temperature 6000C., pressure 2000 mm of mercury. [16]



8.



Two metals A (melting point 9980C) and B (melting point 14000C) forms eutectic type binary phase diagram. The utectic reaction takes place at 8000C and 70A30B composition solid solubilities are 8% B in A and 5% A in B. The alloy solid solubilities of A and B at room temperature are 1% A in B and 4% B in A: i) Draw a neat binary phase diagram and indicate all the points, lines and areas in the diagram. ii) Calculate the quinties of the phases in 50A-50B alloy just prior to eutectic reaction and just after eutectic reaction. [16]
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Find the real root of XlogX-1.2=0 correct to four decimal places using Regular False Method. [16]



2.



The velocity ‘v’ of a particle at a distance ‘s’ from a point on its path is given by following table : S(ft) 0 10 20 30 40 50 60



or ld



1.



V(ft/s) 47 58 64 65 61 52 38 Estimate the time taken to travel 60ft using Simpson’s 1 / 3 the rule. [16]



Find y(0.1) and y(0.2) using Rungekutta Method given y ' = X 2 -y, y(0)=1 . [16]



4.



Derive three dimensional heat flow equation for conduction in a homogeneous [16] and self heat generating solid?



5.a)



Calculate the amount of heat required for raising the temperature of 10 gm of gold from 2980K to 10000K. Molar heat capacity of gold is given by Cp = 5.66 + 1.24 x 10-3T cal/gm-atom. The equilibrium vapour pressure, in atmospheres, of a solid is given by the expression: ln p = -4.085+1.57x10-4 ln T-2.83x10-3T+0.01. Calculate the heat of sublimation of the solid at 3000C. [16]
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What are the various factors affecting the distribution of burden in a blast furnace? Explain in detail. In order to obtain smooth driving operation what physical and chemical properties should be burden charged in the furnace ideally posses? Explain in detail. [16]



Contd…2



::2:: A Blast furnace produces per day 500 tons of pig iron containing 4 percent carbon. It uses 0.85 ton of pig iron, the coke being 90 percent carbon. It uses also 250 kg of CaCO3 per ton of pig iron; the charge contains no other carbonates. The blast furnace gas analyzes: CO2 = 21%, CO = 24%, N2 = 50\%, H2O = 5%. The blast is preheated to 6000C in stoves having a thermal efficiency of 60 percent. The gas not required by the stoves is used in gas engines at a thermo mechanical efficiency of 25 percent. a) Find the percentage of heating value of coke that is developed in the furnace. b) Find the volume of blast (assumed Dry). c) Find the volume of gas made, per day. [16]



8.



Two metals A and B are completely soluble in liquid state as well as solid state. Metal A melts at 2670C and metal B melts at 6000C: i) Draw a neat sketch of phase diagram and indicate all the points, lines and areas. ii) Discuss the cooling behaviour of 60% A-40% B alloy from liquid state to room temperature. iii) Calculate the quantities of the phases at 5000C and at room temperature. [16]
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