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Teahing Thermodynamis to EngineeringStudents: New Approah for Interpolation ofSteam tablesS. K. Khattri �Department of Engineering, Stord Haugesund University College, Norway.Reeived 16 April 2011; aepted 27 May 2011.|||||||||||||||||||||||||||||||-AbstratThis artile is for teahing steam table interpolation to the �rst year engineering students.We present a systemati approah for interpolating steam tables. In the thermodynamisbook, a double interpolation approah is mentioned to �nd state properties at a tempera-ture and pressure whih are not mentioned in the table. See the following thermodynamisbooks [Engineering Thermodynamis by J.B. Jones and R.E. Dugan; Thermodynamis byW.Z. Blak and J.G. Hartley, and Applied Thermodynamis for Engineering Tehnolo-gists by T.D. Eastop and A. MConkey℄. In this work, we present bilinear interpolationapproah for teahing suh onepts. We found our approah easy to teah to engineeringstudents.Keywords : Poisson Boltzmann equation; Nonlinear solver; Newton solver.||||||||||||||||||||||||||||||||{1 IntrodutionFor properties whih are not mentioned exatly in the steam tables, it is neessary tointerpolate between the values tabulated. For example, to �nd the state properties (spei�enthalpy, spei� internal energy, spei� volume and entropy) of saturated vapour at 9.8bar, it is required to interpolate between the two surrounding values given in the table.In the table, the properties of dry saturated steam at 9.0 bar and 10.0 bar are mentioned.Let us denote the unknown state property at the pressure p by the symbol f . Fromsteam table, we an read the state properties at the two nearest pressures: at the pressurep1 the state property is f1, and at the pressure p2 the state property is f2. Here, p1 < p <p2. These data are presented in the Fig. 1 and the Table 1.�Email address: sanjay.khattri�hsh.no; Tel. +47 (0)555 848 71.63
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p0 p p1Fig. 1. Find state property at the pressure p.Table 1State properties of saturated vapour at di�erent pressures.Pressure [bar℄ State propertyp0 f0p fp1 f12 Main ResultsLet us de�ne a variable, , from the given pressures = p� p0p1 � p0 : (2.1)The other state variables f (f may be temperature, entropy, spei� enthalpy, spei�volume and spei� internal energy) at the pressure p an be omputed as followsf = (1� ) f0 +  f1: (2.2)In the ase of liquid, wet steam and superheated vapour table, we need two stateproperties. In the thermodynamis book a double interpolation approah is mentioned [2,3, 4℄ to �nd state properties at a temperature and pressure whih are not mentioned in thetable. For example, to �nd the state properties (spei� enthalpy, spei� entropy, spei�internal energy) of superheated steam at 18.5 bar and 432 oC. Here, we are presentinga more systemati approah for solving double interpolation of steam table. During ourteahing experiene, we found this approah muh easier to onvey to students.Our task is to �nd the state properties when neither the temperature nor the pres-sure is given in the steam table. Let the state property be (enthalpy, entropy or spei�internal energy) at the temperature Ti and pressure pj be fij. Here, indexes i and j antake values 0 and 1. See the Table 3 for state properties at di�erent temperature andpressure onditions. Let us assume that these state property an be read from the steamtable. Our task is to �nd out state property at the temperature T and pressure p. Here,temperature T lies between the temperatures T1 and T2, and the pressure p lies betweenthe pressures p1 and p2. That is T1 < T < T2, and p1 < p < p2. These data are presentedin the Table 2 and Fig. 2.Table 1Entahlpies of superheated steam at di�erent temperatures and pressures.Temperature [oC℄Pressure [bar℄ T0 T T1p0 f00 f10p fp1 f01 f11
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Fig. 2. Entahlpies are given at the four orners of the square.Let us de�ne two variables a and b from temperature and pressure as followsa = T � T0T1 � T0 and b = p� p0p1 � p0 : (2.3)Now, the state property at the temperature T and pressure p an be omputed by thefollowing expressionf = (1� a) (1 � b) f00 + a (1� b) f10 + (1� a) b f01 + a b f11: (2.4)Let us �gure out enthalpy of superheated steam at 18.5 bar and 432 oC. Steam table doesnot mention the enthalpy neither at 18.5 bar (for any temperature) nor at 432 oC (for anypressure). We need to interpolate between 15 bar and 20 bar, and between 400 oC and450 oC. Steps to �nd state properties when neither the temperature nor the pressure isgiven in the table, are as follows:1. Find two nearest pressures from steam table. These are 15 bar (p0) and 20 bar (p1).2. Find two nearest temperatures from steam table. These are 400 oC (T0) and 450 oC(T1).3. From steam table, read enthalpies at temperature 400 oC and 15 bar, and at 450 oCand 20 bar.4. Present the date in the tabular form. See the Table 3.5. Find a and b.6. Use the relation (2.4) for �nding state properties at 18.5 bar and 432 oC.Table 3Entahlpies [kJ/kg℄ of superheated steam at di�erent temperatures and pressures.Temperature [oC℄Pressure [bar℄ 400 432 45015.0 3256 336418.5 h20.0 3248 3357Let us �rst �gure out a and b. By the equation (2.3)a = 432 � 400450 � 400 = 3250 = 0:064;b = 18:5 � 15:020:0 � 15:0= 1:55 = 0:300:
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66 S. K. Khattri = IJIM Vol. 3, No. 2 (2011) 63-66Thus, enthalpy of superheated steam at 432 oC and 18.5 bar is by the equation (2.4)h = (1� 0:064) (1 � 0:3) (3256) + (0:064) (1 � 0:3) (3364) + (1� 0:064) (0:3) (3248)+ (0:064) (0:3) (3357);h = 3320 kJ/kg:Let us �rst �gure out a and b, by the equation (2.3):a = 432 � 400450 � 400 = 3250 = 0:064;b = 18:5 � 15:020:0 � 15:0= 1:55 = 0:300:3 ConlusionsThis artile has outlined an approah for teahing steam table interpolation to the �rstyear engineering students. We have shown that the present method is very easy ande�etive.AknowledgementThe author would like to express their thankfulness to the anonymous referee whose on-strutive omments have improved the quality of this paper.Referenes[1℄ S. K. Khattri, Newton-Krylov Algorithm with Adaptive Error Corretion For thePoisson-Boltzmann Equation, MATCH Commun. Math. Comput. Chem. 1 (2006) 197{208.[2℄ T. D. Eastop and A. MConkey, Applied Thermodynamis for Engineering Tehnolo-gists, Pearson Printie Hall, Edition 5, ISBN 0-582-09193-4.[3℄ W. Z. Blak and J. G. Hartley, Thermodynamis, Harper Collins College Publishers,Edition 3, ISBN 0-673-99645-X.[4℄ J. B. Jones and R. E. Dugan, Engineering Thermodynamis, A Simon & ShusterCompany Englewood Cli�s, NJ 07632, ISBN 0-02-361332-7.
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