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This examination paper contains FIVE (5) questions and comprises Three (3)
printed pages. All questions carry EQUAL (20) marks.

(Question 1) ‘
(1) Show that the second virial coefficient B is zero at the Boyle temperature. [5%]
(2) Use the generalized correlation for B as shown below to estimate the reduced Boyle

temperature for simple fluids based on the simplest form of the virial equation. [5%]

2 =B & 0O
RT,

4

where B® =0.083—0;§ , BO =o,139—01',14z2 , and P,, T,, w, T, indicate the critical

r r

pressure, critical temperature, acentric factor, reduced temperature, respectively.
(3) The P,, T,, and @ of n-butane are 37.96 bar, 425.1 K, and 0.2, respectively. Calculate

the molar volume of n-butane at 510 K and 25 bar by the generalized compressibility-
factor correlation. [5%]

4) Calculate the molar volume of n-butane at 510 K and 25 bar by the generalized virial-
coefficient correlation. [5%] '

!

(Question 2)

What is the maximum témperature that can be reached by the combustion of methane with 20%
excess air? Both the methane and the air enter the burner at 25°C. You need to write down the
reaction. The assumed path diagram is also needed with all mole numbers of the reactants and
‘products clearly indicated. The first guess to initiate the trial of maximum temperature is set to

be 1,000 K. [20%] |
[Note] _
(1) AHjy(= D v,-H’,, ) based on 1 mole of methane for the reaction is —802,625 J.

*(2) C,, for each chemical species (i) is a function of temperature and can be expressed as
C,/R=A4,+BT+CTI+ DT |
where T is the absolute temperature in the Kelvin scale. The change of A for the reaction
(i.e. 2v; 4;) is 43.471, the change of B is 9.502x 107, the change ot C is 0, and the change of
D is —0.645x10°. | -
(3) You should conduct a trial-and-error iteration, in order to answer this question. Please do
the trial-and-error twice (no more than twice and no less than twice) to give the answer.
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(Question 3)

A turbine is supplied with 5000 lby/h steam of 900 psia and 820°F (H = 1405 Btu/lby,). The

exhaust pressure is 80 psia. The exhaust steam is then passed through an adiabatic throttling

meter, where it expands-to 1 atm-and a temperature of 240°F (H = 1164 Btu/lb,,). Heat loss

from the turbine is estimated to be 140,000 Btu/h.

(1) What is the quality of the steam exhausting from the turbine (i.e. the vapor content)?
[10%]

(2) What is the power output delivered by the turbine? [10%)]

Steam Table (Superheated)
V = specific volume [ft*/Iby] U = specific internal energy [Btu/lby]
H = specific enthalpy [Btu/lby] S= specific entropy [Btu/(1b,R)]

TEMPERATURE: t (°F)

Plipsia) sat, sat.
(t58/°F) lig. vep. 340 380 380 400 420 450 500
v 00178 5.471 5715 5.885 6.053 6218 . 8381 6.622 7.018
80 U 28189 1102.1 1114.0 1122.3 1130.4 1138.4 1146.3 1158.1 1774
31204y H 282.15. 11831 1198, 1200.4 12200 12305 12408 1256.1 12813
§ 0454 1.6208 1.8405 1.6530 1.8667 1.6790 1.6908 1.7080 17349 -
vV 00178 5.167 5.364 5.525 5.684 5.840 5.895 6.223 8.567
8s U 28824 1102.9 11131 11215 11207 1137.8 1145.8 1157.6 11770
(318.26) M 28652 11842 11975 1208.4 1218.4 1229.7 1240.1 12555 12808
§ 04500 1.6159 1.6328 1.8483 1.6502 1.6718 16838 - 1.7008 1.7279
v 00177 4,895 5.051 5205 - 5356 5.505 5.652 5.869 6.223
90 U 29040 1103.7 11123 1120.8 1120.1 1137.2 11453 11572 11787
(32028) H 29069 1185.3 1196.4 12075 12183 1228.9 1230.4 1254.9 1280.3
§ 04643 16113 16254 1.6391 1.8521 1.6848 1.6767 1.6940 1,7212
v oot 4.651 4 4919 5.063 5.205 5.345 5551 5.889
85 U 29438 11045 11114 11200 11284 1136.8 11447 11567 1176.3
(32413) H 28470 1186.2 1195.3 12065 1217. 1228.1 1238.7 1254.3 12798
S 04694 1.6089 1.6184 1.6322 18453 1.6580 1.6701 1.6876 1.7149
V00177 - 4431 4519 4.660 4790 4.935 5,088 5.286 5.588
100 U 29821 1105.2 11108 1119.2 1277 1136.0 1144.2 1156.3 1175.0
(327.82) H 29854 1187.2 1194.2 12055 12165 1227.4 1238.0: 1253.7 12793
§ 04743 16027 16116 1.6255 1.8380 1.6516 1.6638 1.8814 1.7088
(Question 4)

Consider a binary aqueous mixture. The enthalpy AH and entropy AS of mixing are given
respectively by
AH =2.1-RT - x}x, and AS=—R'(1.9 X2 +x, - Inx +x, -lnxz),
where x; is the mole fraction for the component i (=1,2), R the gas constant and T temperature.
(1) Determine the Gibbs free energy of mixing 4G. [5%]
(2) Determine the excess Gibbs free energy GE. Also, G* (x;—0) = ? Explain why physically.
[5%] |
(3) Evaluate the activity coefficient % for each species in the dilute limit. [5%]
(4) Determine the Henry constant H; for each species. The fugacity of a pure liquid i is ;. [5%]
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(Question 5)

It is well known that adding salt, NaCl, to a pot of water will result in an increase in the boiling
temperature. The enthalpies of saturated liquid water and saturated water vapor at 100 °C are
419.1 kl/kg and-2676.0 kl/kg, respectively. The molecular weight of NaCl is 58.44 g/mol.
Please clearly state all assumptions and simplifications leading to your answers.

(1) Please establish a relationship between the boiling temperature and the amount of salt, NaCl,
added in weight percentage (wt%), if the temperature effect on the changes in enthalpies of
saturated liquid water and water vapor is insignificant. [17%]

(2) How much NaCl is needed to render a 1°C-increase in boiling temperature? [3%]

END OF PAPER.

WE WISH YOU GREAT SUCCESS IN YOUR CAREER.
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