Dving 2

Problem 1

The composition of a gas derived by the gasification of coal is, volume percentage:
carbon dioxide 4, carbon monoxide 16, hydrogen 50, methane 15, ethane 3, benzene 2,
balance nitrogen. If the gas is burnt in a furnace with 20% excess air, calculate:

a) the amount of air required per 100 kmol of gas,

b) the amount of flue gas produced per 100 kmol of gas,

c¢) the composition of the flue gases, on a dry basis.

Assume complete combustion.
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Problem 2
The off-gases from a gasoline stabilizer are fed to a steam reforming plant to produce

hydrogen. The composition of the off-gas, molar%, is: CH, 77.5, C,Hy 9.5, C3Hg 8.5, ‘Vl((;llq’) X I 6, O L’l 2‘

C,H,, 4.5. The gases entering the reformer are at a pressure of 2 bara and 35 °C and
the feed rate is 2000 m3/h. The reactions in the reformer are:

CnHopto +nH,0 —— nCO+ (2n+1)H, (1) }l/t ((/LH 6) = 50/ O G ‘6

CO+H,0 — CO,+H, 2)

The molar conversion of C,Ha,12 in reaction (1) is 96% and of CO in reaction (2) 92%. 'V\ ((,?, H %) = L’ q JOqL"

Calculate:

a) the average molecular mass of the off-gas, M (CL\ H |0) = \5 6) | 2—

b) the mass of gas fed to the reformer, kg/h,

¢) the mass of hydrogen produced, kg/h.
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Problem 3

In a continuous bio-reactor (or fermenter), the volumetric flow rate of feed to the
fermenter is ¢ (L/h). The liquid volume is constant V' (L). The cell concentration of
the feed and out of the fermenter are X, and X (g/L), respectively. While the substrate
concentration in and out of the fermenter are Sy and S (g/L), respectively. The growth
rate of cells is X (g/Lh) and the consumption rate of substrate is kuX. Here, the
constant k = 1.2 is the inverse yield of substrate to cell mass. The cell death rate is
neglected. The specific growth rate p is a function of the substrate concentration.

a) Set up a dynamic model of the continuous stirred reactor describing the cell and
substrate concentrations.

b) Simulate concentration of cells and substrate as function of time when the specific
growth rate is 4 = 2% (1/h) and ¢/V = 0.5 (1/h) with Sy = 4.0 g/L and X, = 0.01
g/L and starting with no cells and substrate in the reactor.

¢) Reduce the model by assuming steady-state conditions and negligible feed of cell
mass to the reactor. Calculate the steady-state concentrations.
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