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(10%)
A steam turbine in a small electric power plant is designed to accept 4000 kg/h of steam at 30 bar and
500 °C and exhaust the steam at 10 bar. Assuming that the turbine is adiabatic and has been well

designed (S' gn = 0), compute the exit temperature of the steam and the power generated by the turbine.

Supert } Vapor (Continued)

P = 1.00 MPa (17991) —— - —
P = 2.50 MP1 (223.99) P = 3,00 MPa (233.90)

T (0 1% o A H
Sal. 007998 2603.) 28030 62575 006668 26041 28042 6.1869
Sat. 0.19444 25836 2778.1 6.5865 225 008027 26056 28063 62639 — — —_ —_
200002060 26219 28279 66940 35p g0 26626 28301 64085  D0.07058 26440 28558 62872
3002327 2099 29426 6947 a0 009890 27616 0088 6643 0081 14 27500 9935 65390
W00 02579 27932 MSL2 120 355 glg9z6 28519 31263 68403 0090 53 28437 31153 67428
30 02825 28752 31577 13010 4o0  g)3040 0300 12304 70148 009936 20328 32309 69212
400 03066 20573 32639 465! 5o 013054 30255 3303 7.1746 010787 30204 33440 7.0834
S0 03sal 31244 BBS I62 500 043908 31121 a2l 79234 011619 31080 34565  7.2338
600 04011 32968 36979 8O0 40 n1s0 18RO 863 TSOMN  NIRI43 IRSO  I6RI.3 T.SNRS

Visind/ke: 0.0 1=1lg=kifkg  §=] KI/kg K

(15%)

From experimental data it is known that at moderate pressures the volumetric equation of state may be

written as Pv = RT + BP . Show that the van der Waals equation (P = ~R—Tb - —) leads to the following
- V

expression for the virial coefficient B=5— a/ RT . The temperature at which B=0 is called the Boyle
temperature. Show that for the van der Waals fluid, T, soye = 3.375T, . State the physical significance of

Boyle temperature.

(12%)

Vapor-liquid equilibrium data for the A-B system at a constant temperature of 350 K shows that
component B follows Henry’s law in the range 0 < Xg < 0.05. At this temperature the following data
point has been reported X, = 0.975, y4 = 0.942, P= 1035 mmHg, and the vapor pressures are P°s = 1000
mmHg, P’ = 800 mmHg. Calculate VB and P when Xp=0.04.

(13%)
In the system A-B, activity coefficients can be expressed by

InY A=05Xg*and In Y g =0.5 X,

The vapor pressure of A and B at 80°C are P°, = 900 mmHg, P’ = 600 mmHg.
Is there an azeotrope in this system at 80°C, and if so, what is the azeotrope pressure and composition?
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5. (10%)
The trimerization: 3A(g)=> As(g,))
is carried out isothermally and without pressure drop in a PFR at 298 K and 2 atm. As the concentration
of A3 increases down the reactor and A; begins to condense. The vapor pressure of Az at 298K is 0.5 atm.

If an equal molar mixture of A and inert, I, is fed to the reactor at what conversion of A will A3 begin to
condense?

A® -3 A @)D
Condensation begins at y = By _05atm 0.25
P, 2atm
6. (15%)
The following reactions were found to occur while trying to make a desired product B
A>B  rar=kjaCa®
A>X —I'A2=k2 ACA
A+XDY  -ra3=k;aCaCx
Species X and Y are both foul pollutants
(a) What is the instantaneous selectivity of B with respect to the foul pollutant X and Y?
(b) How would you carry out this reaction to maximize the formation of B?
Additional Information
k, ,s‘=0.5¢3'm‘°0°’T min'l, T in degree Kelvin
kz,\=50e'2°’°°°’r min'l, T in degree Kelvin
k4=100e*"T min! Tin degree Kelvin
7. (10%)
The gas-phase decomposition: 3A=>»2B+C was carried out in a constant volume batch reactor. ti10 was
the time necessary for the concentration of A to fall to 1/10 of its initial concentration. Runl through 4
were carried out at 80°C, while run 5 was carried out at 28°C. Please determine the reaction order,
specific reaction rate, and the activation energy.
Run 1 2 3 4 5
Initial concentrations Caq (g-mol/L) | 0.090 0.150 0.245 0.41 0.245
ti10 (min) 109.2 40.2 14.8 5.4 90.2
8. (15%)

A second-order gas reaction 3A=»2B+C is taking place in 40 meters of a pipe packed with catalyst. The
diameter of the pipe is 2 cm. The pellet size is 3 mm in diameter and the porosity is 50%. The density of
catalyst is 4 g/cm’®. The specific reaction rate is 1 (mé/kmol-kg cat-h), There is 1 kg/h of gas passing
through the bed and the entering concentration of A is 0.1 kmol/m’, The entering pressure is 2 atm. The
properties of the gas are similar to air that the density is 1 kg/m> and the viscosity is 1.82x10™ kg/m-s.

(a) What is the conversion if there is no pressure drop?

(b) What is the conversion if there pressure drop is considered?

) dP
The Ergun equation: Z

Hint.

Terml
e [1-¢J 150(1- ¢)u
pg.D,\ & D,
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