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The Physical Properties of Pure Compounds 2-10. The boiler is an important unit operation in the Rankine cycle. This problem further explores the phenomenon of ¢AAAboiling.¢AAA A. When you are heating water on your stove, before the water reaches 373 K, you see little bubbles of gas forming. What is that, and why does that happen? B. Is it
possible to make water boil at below 373 K? If so, how? C. What is the difference between ¢AAAevaporation¢AAA and ¢AAAboiling?¢AAA Solution: A. The small bubbles that form on the bottom of the pot are dissolved air. As temperature goes up, air becomes less soluble in water. Since the water right next to the bottom is hottest, the bubbles usually
appear to be coming from particular spots at or near the bottom. Full boil occurs when the temperature of the entire liquid body reaches 373.15 K (if the pressure is atmospheric). B. It is possible to make water boil below 373 K by lowering the pressure of the surroundings. Water boils at a specific pressure or temperature; if you change the pressure,
the boiling temperature also changes. A temperature of less than 373 K requires a pressure less than 0.1 MPa to boil. C. Evaporation only occurs on the surface of the liquid, but boiling occurs throughout the bulk of the liquid. Another way of thinking of it is that evaporation can only occur if there is already a vapor phase above the liquid (such as the
air above an open pot of water on the stove). When a liquid boils, bubbles of vapor form inside the bulk of the liquid; a ¢AAAnew¢AAA vapor phase can be Boiling happens when the liquid atoms become so energized that they can overcome the intermolecular forces holding them together which allows them to leave the liquid 22 A©A 2015 Cengage
Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. phase. Evaporation occurs because not all atoms in the liquid are moving at the same speed; even if the average molecular energy isn¢AAAt sufficient for boiling, the fastest moving particles can overcome
intermolecular forces binding them to their nearest neighbors and escape into the vapor phase. Further, atoms in the bulk of liquid experience intermolecular forces from all around them. Atoms at a surface feel forces only from the atoms beneath them. This allows the surface atoms to escape into the vapor phase more readily. As a specific example,
consider water at 298.15 K. We know from everyday experience that this water can evaporate into the air above it; we have seen puddles of water evaporate at ambient temperature. However, a closed container of pure water is all in the 21 A©A 2015 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a
publicly accessible website, in whole or in part. liquid phase at 298.15 K and 0.1 MPa; the water cannot evaporate unless there is a vapor phase (air) for it to evaporate into. Water at 298.15 K will not boil unless the pressure is lowered all the way to 3.17 kPa absolute. 2-11. 10 of gas flow through a turbine. Find the change in the enthalp. MPa. Use
the steam tables. B. The gas is steam, with the same input and output conditions as in part A. Model the steam as an ideal gas using the value of c*p given in the apa © ndice D. C. The gas is nitrégen, with a temperature input and pressure of t = 300 k and p = 1 mpa, and a temperature and output pressure t = 200 k and p = 0.1 MPa. Use Figure 2-3.
D. Gas is nitrégen with the same input and output conditions as in part C. Model nitrégen as an ideal gas that uses the value of c*p given in the apd © ndice D. E. Compare the answers with A and B, And the answers to C and D. comments if they are significantly different between S&, and if it is so, why. Solution: A. Use of steam tables: 23 4 © 2015
Cengage Learning. All rights reserved. You cannot scan, copy or copy, or publish on a public access website, in its entirety or part. B. Using enthalpy definition: Therefore: Reading of the ApanDice, the coefficients are shown in the table below. NAME FRIMULAABa£a€”103Caf£a€<€100.632Let's calll 24 © 2015 Cengage Learning. All rights
reserved. You cannot scan, copy or copy, or publish on a public access website, in its entirety or part. C. Based on Figure 2-3: D. Using the definition of enthalpy: therefore: 25 © 2015 Cengage Learning. All rights reserved. You cannot scan, copy or copy, or publish on a public access website, in its entirety or part. NAME FRIMULAABAaf a<€ ”"103C
£ 4 € Let's calculate! AND. le le sosac sobma nE .gk/Jk 2 ~ rop D y C setrap sal ed satseupser sal ,gk/Jk 7 ~ ne nereifid B y A setrap sal ed satseupser error is ~1,7%. If this is an acceptable level of error depends on the application. The differences are attributable to the fact that the ideal gas model is an approximation that is better at low pressure,
and these processes include pressures up to 1 MPa. 2-12. Using data from the Apendice A steam tables, estimates the constant pressure heat capacity of superheated steam at 350 kPa, 473.15 K and 700 kPa, 473.15 K. Are the answers very different from each other? (NOTE: You may need to use the definition of “limit” of the derivative to help you
begin.) 26 © 2015 Cengage Learning. All rights reserved. It may not be scanned, copied or duplicated, or posted on a public access website, in whole or in part. Solution: There is no entry into the steam tables at 350 kPa. The interpolation between the data to 0.3 MPa and 0.5 MPa, and 473.15 K, can be used to find the specific enthalpy to 0.35 MPa
and 473.15 K. But what we really look for is the change in the specific enthalpy, so we will look instead of temperatures above and below 473.15 K: 523.15 K and 423.15 K. First, we produce a data table on both sides of the point of interest at 523.15 K: 1 1.5 2 x (press) in MPa 0.35 0.4 Now we interpolate: Once again, we produce a table... 1 1.5 2 x
(press) in MPa 0.335 0.4 ... and interpolamos: The constant pressure capacity (CP) can be estimated as the difference of enthalpy is directly divided by the standard. Since these two intensive properties are not ? 2752.8 and (enthalpy) in kJ/kg ? and (enthalpy) in k]J/kg 2761.2 2967.9 2964.5 27 © 2015 Cengage Learning. All rights reserved. It may not
be scanned, copied or duplicated, or posted on a public access website, in whole or in part. se se arutarepmet atsE .aPM 7.0 a odarutas ropav ed yplahtne al rasu somebed ,ropav rab 1 a n3Aicarutas ed arutarepmet al ed ojabed rop jAtse arutarepmet al euqrop ,odiugAl :rab 1 ,C 52 )A n3AiculoS 1.2 amelborP arup epirg ed DI ed esaf ed samargaiD .2
31 sorup sodiulf ed esaf 2 ed samargaiD 21 n3AiculoS 6.1 senoi ed amelborp la n3Aiccudortnl .1/sakuostaM-simehT-n3Aicide-ts1-acimjAnidomret-acimAuq n3AicarenegnE --slatnemadnuf-launam-noitulos/daolnwod/moc.atadknabtset//:sptth/sakuostam-simeht-noitide-ts1-scimanydomreht-gnireenigni-lacimehc-slatnemadnuf-launam-
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aenjAtnatsni agracsed sakuostam simeht n3Aicide 2A1 acimjAnidomret acimAuq aAreinegni ed ... acimAuQ aAreinegnl al ed sotnemadnuF launaM snoituloS fo txeT784 x 995224 x 415753 x 924292 x 443 )XP( T n3Aicatsurcni al ed o+Aamat le omoc ,sacipAt selatneibma senoicidnoc ne adiugAl auga led acifAcepse aAplatne al. .31-2 .maetS albat al ed
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odnaluclaC 8.0 7.0 6.0 APM ne )n3Aiserp( x :somalopretni ,K 325 y aPM 7.0 a ropav led acifAcepse aAplatne al rartnocne se aAplatne al. .K 05 05 ,C 021 .)C 88.971( rab 01 a n3Aicarutas ed arutarepmet al ed ojabed rop jAtse arutarepmet al euqrop ,odiugAl :c08 ,rab 01 At 120 C, the steam pressure is 198.54 kPa = 1.9884 bar. Since the actual pressure
is greater, the state is liquid. (O, at 50 bar, the saturation temperature is 263.91 C. Since the actual temperature is lower, the state is liquid.) B) Liquid, because the pressure (1 atm = 760 mm Hg) is greater than the steam pressure of the bromobenzene (10 mg h) at the same temperature. c) liquid, because the temperature is lower than the boiling
point at the same pressure. Note: All these statements will make more sense if you trace your information on P V. 14 Problem 2.2 Solution a) From the steam tables to 40 bar we collect the following data: 15 2. Phase Diagrams of Pure Flu ID 16 17 2. Pure flu ID phase diagrams 18 19 19
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