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1.

A Newtonian fluid flows steadily through a concentric annular duct formed by an inner cylindrical rod and
an outer cylindrical pipe.

The outer pipe has a radius of R, = 5.0 cm, and the inner rod has a radius of R; = 4 O cm. The average
velocity of the fluid in the annular duct is 0.3 m/s. e
The fluid has viscosity = 0.02 Pa's and density p = 1500 kg/m>.

(a) Determine the hydraulic diameter (Dy) of the annular duct. [5 %)
(b) Calculate the Reynolds number (Re) for the flow. [5 %)

(c) Determine whether the flow is laminar or turbulent. [5 %)

fluid

2. Aviscous liquid flows in steady state between two infinite, flat, parallel plates separated by a distance 2H.

The lower plate (y = —H) is stationary, while the upper plate (y = H) moves in the x direction with
constant speed U. A constant pressure gradient dP/dx is imposed. The flow is incompressible, Newtonian
and fully developed. Gravity effects and end effects in the flow direction are negligible.

U
y=H
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(a) Use a shell momentum balance to derive the shear-stress distribution Tyx(¥) inthe flow. [10 4]
(b) Obtain the velocity distribution v, (y) with appropriate boundary conditions. [10 4]

(c) Determine the location y where the maximum velocity occurs and the Ty, () =0. [5 %]

(d) Obtain an expression for the average velocity < v, >. [10 4]

A spherical nuclear fuel element is shown below. The fissionable material is able to create volume rate of
2
heat prodution of S,, = S, [1 + b (F)) ] , where S, and b are two positive constants.

(a) Use the shell balance to derive the differential equations of heat conduction for the fissional material
(g-?) and the aluminum cladding (¢,?), respectively. [10 %-]

(b) Use the boundary conditions at 7 = 0 and » = R") to solve the above equations. [10 %)

(c) Write down (without solving them) the corresponding temperature equations and boundary conditions
that will be needed to solve the temperature profiles. [5 %)
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4. The figure below shows the build-up to the steady-state concentration profile for the diffusion of helium
(substance A) through fused silica (substance B), where w, denotes the mass fraction of helium and wyg
is the solubility of helium in fused silica.

(a) At steady state, write down the mass flux of helium in the y-direction, j 4, in differential form, given the

diffusivity D,z and system density p. [5 %]

(b) Rewrite the same flux j4 in terms of p, w4, Wg, Vay, and vg,, where vy, and v, are the individual

velocities of substance 4 and B in the same direction and wp is the mass fraction of fused silica. [10
1

(c) Use the above two expressions of j4 to show that Dyp = Dpa. [10 %]

wp = 0
Thickness of
slab of fused silica =Y t<0
(substance B)
t=0
Wy = Wap
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