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— ~ Several important parameters usually appear in a flow system. These parameters include:
1. average fluid speed V
2. a characteristic length L
3. fluid viscosity p
4. surface tension ¢
5. gravitational factor g

6. fluid density p
What are the definitions of Reynolds number and Froude number? Can you also explain the physical

meaning of these two numbers? (4 %)

= ~ As shown in Figure 1, we consider a solid of volume V, density p, heat capacity C, and surface area
A. We assume that the body has a spatially uniform but time-dependent temperature T(t) and losses
heat to the surroundings by convection from its surface. Assuming the time rate of change of the
thermal energy within the solid body is due to the convective heat exchange with the surroundings,
and the rate of convection is a linear function of the temperature difference between the surface and
the surroundings, set up the heat balance equation and solve for temperature variation as a function

of time. The initial temperature of the body is T,. (8 4 )

T

Figure 1 Heat loss to surroundings

= ~ Consider a liquid drop contains a supersaturated solution with concentration Ca s as shown in
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Figure 2. The solute is volatile and it has a vapor pressure P4 . The vapor concentration of the
solute on the surface of the liquid drop is Cr. The saturated drop is surrounded by a large body of
stagnant gas. The radius of the liquid drop is R. Assume that the solution remains supersaturated
throughout the process, prove that the Sherwood number ( Sy) of this system is equal to 2. (6 4 )
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Figure 2 Solute evaporation system

~ Estimate the maximum diameter of a spherical particle that could be carried away in a fluidized bed

reactor under the following condition:
Gas velocity at the top of the reactor = 10 cm/s (vertically upward)
Gas viscosity = 0.026 cp; 1cp=0.01 poise= 0.001 Pa-s=0.001 kg/m-sec
Gas density = 0.72 kg/m’
Density of the spherical particle= 2.33 g/cm® =2330 kg/m’
The drag force of a spherical solid sphere is £, = 6771Ru, .
Where
1 : Viscosity of gas
R : Radius of particle
u, : Terminal velocity of particle

Express the result in microns. (6 4 )

+ Please state the assumptions for deriving the Navier-Stokes equation. (2 4 )
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Pure water at 26.1 C (Ca.in) flows at the rate of 5.514x10"m%/s (F) through a packed bed of
benzoic acid spheres having a diameter of 6.375 mm (D,). The number of spheres in the bed is 94
and the void fraction is 0.436. The diameter of the packed-bed column is 0.0667 m (D). The
solubility of benzoic acid in water is 2.948x10 kg-mol/m’ (Cas). The outlet concentration of

benzoic acid in the water from the packed bed is 2.842)(10_3 kg—mol/m3 (Caout).- The diffusivity of
benzoic acid in water is 1.254x10™ m?/s. The viscosity of water at 26.1 °C is 0.8682 cp. Evaluate
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the mass transfer coefficient k,, of benzoic acid in water. Assume that the density of the fluid is
constant. (8 4 )
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1 ~ The hydrolysis of A is catalyzed by one of the reaction products, C

A+H,0-C+P

If the rate expression is —ii:' = kAC and the initial concentrations of A and C are Ay and Co,

respectively, verify the following results:

1-axpf—Mkt)
14+{Aq /Cp Jexp(—Mkt]

(b) Maximum reaction rate in the above system occurs when & = Mf2 (4 ~)

where M = 4g +Coy (5 #)

(a) Conversion x =

- ~ When properly operated, which contacting pattern on the left or the right can give a higher
concentration of any intermediate for the four cases exhibited as shown in Figure 3(a), (b), (¢), and

(d) respectively? The reaction order shall be positive. (8 4 )
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Fig. 3(d)

Figure 3 (a), (b), (¢), (d)

-+ — ~ The following equation is reported to describe the adiabatic operation of both CSTR and PFR, X4
= Cp(Tout — Tin)/(-AH;, Tout) = (heat needed to raise feed to Toy)/(heat released by reaction at Toy),
where A represents the limiting reactant. Please try to derive the equation to verify its adequacy.
Based on the equation, plot the “operating line” of X, vs T considering the effect of reaction

enthalpy being endothermic and exothermic. (8 4 )
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= ~ Astirred tank reactor is usually assumed as ideal perfect mixing when performing reactor design.
However, dead space and bypass can occur due to uneven stirring caused by improper mixing
parameters. Consequently, a non-ideal stirred tank reactor will have a different residence time
distribution (RTD) from that of an ideal CSTR. Please model the RTD of a non-ideal stirred tank
reactor with dead space and bypass, expressed in terms of a, fraction of active reactor volume, and

B, fraction of bypass flow. Explain how you may be able to resolve o and B from a tracer
experiment. (8 4 )

= ~ Areaction, A + B; — C, has the following mechanism,
A+S5=A"5
B;+25=2B-S
A*5+B-5->C+25
If a surface reaction is a rate limiting step, derive the rate law of the reaction. (9 4 )

-+ w ~ Milk is pasteurized if it is heated to 63°C for 30 minutes, but if it is heated to 74°C it only needs
15 seconds for the same results. Find the activation energy of this pasteurization process. (8 4 )



