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1. Consider the steady pressure-driven flow of an incompressible non-Newtonian fluid in a
horizontal circular pipe of radius a and length L (Fig. 1). Assume the fluid viscosity is given
by the power law model, i.e. the shear stress 7, is given by

dv,

T ==ky" and y= y
.

where x is consistency index and » is the power law index. Note that »=1 corresponds to &
Newtonian fluid.
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{a) If the end effect is negligible, showing the momentum balance equation for this flow.  (5%)
(b) To show the corresponding boundary conditions if the fluid no slip at the wall,  (5%)
(c) If =1, please show the velocity profile.  {5%)

2. {10%) Consider the laminar flow parallel to a flat surface (Fig. 2).
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where ¢ is the thickness of the concentration boundary layer. The steady-state molar mass
balance is shown as

Wa, + WA] + WA,., = Wﬁ:e

where W is the molar rate of mass transfer of component A, and
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and

Please derive the integral expression as the approximate analysis of the concentration boundary
layer by von Karmin.

(12%)  Benzylamid is the product obtained from the liquid-phase of ammonia and benzoyl
chlonde:

C H,COCl+2 NH, - C,H.CONH, + NH (!

(a) Taking C,H,COC! as your basis of calculation, set up a stoichiometric table for a batch
svstem.

(b) If the initial mixture consisted solely of NH, at a concentration of 6 g mol/liter and
CH,COCH at a concentration of 2 g mol/liter, calculate the concentrations of NH, and
C H,COCH when the conversion 15 25%,
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4. {13%)  The mechanism for hydrogen adsorbing as atoms on the surface of the catalyst is

H, +285«2HeS (dissociative adsorplion)

)

where § represents an active (vacant) site. ff «5 represents that one unit of H is adsorbed on the
site 5. Derive an equilibrium isotherm equation {Cy.y as a function of Py;) for this adsorption.

5. Initially at 300 K and 1 atm pressure, lmol of an ideal gas undergoes an irreversible 1sothermal
expansion in which its volume is doubled, and the work it performs is 500 J mol™,  What are
the values of ¢, AU, AH, AGand AS7  What would g and w be if the expansion occurred
reversibly? (17 %)

6. The equilibrium constant for the reaction A+ 2B = Zisa 0.25 dm® mol®. In a volume of 5
dm’, what amount of A must be mixed with 4 mol of B to vield 1 mol of Z at equilibrium ? (16
%)

7. Calculate the solubility product and the solubility of AgBr at 25 "C on the basis of the following

standard electrode potentials: (17 %o)

AgBr i, +e —» Ag .+ Bry, E’=0.0713V
Ag *,:aq} +e —* Agy E"=-0.7991 V



