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1. An engineer claims to have invented a steady-flow device that will take air at 4 bar and 20 C and
separate it into two streams of equal mass, one at 1 bar and -20 C and the second at 1 bar and

60 C . Furthermore, the inventor states that his device operates adiabatically and does not require

(or produce) work. Is such a device possible? (Air can be assumed to be an ideal gas with a
constant heat capacity of C, =29.3 J/mol K.) (12%)

P~ 1 bar

N2 T- -
P- 4 bar 20°C

T=200C N1

s N2 P~ 1 bar
T 60°C

2. The enthalpy of a binary liquad system of species 1 and 2 at fixed temperature and pressure 1s

represented by the equation:
H = 400x,; + 600x; +x,x,(40x,+20x>)

.. 21 : : oy e : .
where H is in J mol . Determine expressions for /4, and H, as functions of x;, numerical

values for the pure species enthalpies H; and H,, and numerical values for the partial enthalpies

at infinite dilution H: and H.. (24%)

3. A nideal gas undergoes the following sequence of mechanically reversible process in a closed

system:

(a) From an initial state of 70 C and 1 bar, it is compressed adiabatically to 150 C.

(b) It is then cooled from 150 C to 70°C at constant pressure.

(c) Finally, it 1s expanded 1sothermally to 1ts original state.

Calculate W, Q, AU, and AH for each of the three processes and for the entire cycle. Take C,
=(3/2)R and C, = (5/2)R. (R=8314Tmol' K') (16%)

4. Substance A reacts according to second order kinetics and conversion 1s 95% from a single flow
reactor. We buy a second unit identical to the first. For the same conversion, by how much is the
capacity increased 1f we operate these two units in parallel or 1n series?

(a) The reactors are both plug flow. (12%)
(b) The reactors are both CSTR. (12%)
5. The 1somerization of butane
n-CiHy gy © 1?7 CiHjp

was carried out adiabatically 1n the liquid phase and the data in the table were obtained.

i & % A A FLR-RZR




R GHERBHN T L FEMRABE LR A LKA

8 : AP
b W EHICLRELE B2IRAMHIEZZALHTE REEASEHRZ
£ EF R 100 548 AF R 4E - 100 o
Raw data
X 0.0 0.2 0.4 0.6 0.65
-r5 (kmol/m’.h) 39 53 59 38 25
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Furthermore, the reactor scheme shown in the figure 1s used.

n X1=0.2 X2 = 0.6
1

a1 Fra2
ra3

X3 - 0.65

Calculate the volume of each of the reactors for an entering molar flow rate of n-butane of 50
kmol/hr. (24%)
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