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1. Prove that the flow of a liquid it lantinar Bow between infinite parallel flat plates is
given by : -

3

P - o = (120VLY(8'g0)

where ¥V = average velocity
' L =length of plate in direction of flow
[} = distence befween plates
p = pressure

Neglect end effects (15%),

2. (a} The tank in the following figure is full of water and dpen at the top, Thereis a
hole near the bottom, the diameter of which is stmall compared with the diameter of the

. . 1.£N
tank. What is the velocity of the flow out the hole? (b) Repeat {(a), making the area of ﬂ’-\:__
the outlet hele 1 ft* and the cross-sectional area of the tank 4 A% (Hint: For part (b}, A
you cannot assume that the velocity at the free surf;éce is zero) (20%). .,
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3. A spherical, thin walled metallic container is used 1o store liquid nitrogen at 77 K.
The container has & diameter of 0.5 m and is covered with an evacuated, reflective
insniation composed of silica powder {conductivity & = 0.0017 Wim - K.) The
insulation is 25 mm thick, and its outer surface is exposed to ambient air at 300 K. The
canvection coefficient is known o be 20 W/m? K. The latent heat of vaporization of
liquid nitrogen is 2x10° Mkg.

{a). From Fourier's law, derive and calculate the conduction resistance of the insulation
layer. (15%)

{b). Calculate the convection resistance of ambient air. (3%)

(). What is the rate of heat transfer to the lquid nitrogen? (5%)

(d). Estemate the loss of liquid nitrogen per day. (5%

4. Diffusion Coefficients of Gases and Liquids (10%)

(a). Write down the order of magnitude of the diffusivity (cm’/sec} in gases at one
atmosphere and that in iquids at 25°C 7 (6%)

(b). Estimate the range of the Schmidt number for both gases and liquids 7 (4%)

Hint:
1. Takea guess it
2. The Schmidt number is defined as
Sc=wD
where v = p/p is the kinematic viscosity and D the diffusivity. =5
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5. Diffusion and Firsi-Order Chemical Reaction Inside a Porous Catalyst. (25%})
The clementary isomerization reaction

A-->B
1s taking place inside a porous catalyst. The reaction is first order, ra = -ke. 1f the
particle has a slab geometry, set up the coordinate frame with the origin being at the
center of the particle.
(a). Write the differential mass balance for the reactant. (10%)
(b). Denve an expression for the concentration profile c(z). (5%)
(c). Express the effectiveness factor n in terms of the Thiele modulus ¢. {10%)

Hint; .

1. The boundary conditions for the above mass balance equation are
¢ =cyp; at z = R (surface concentration)
dofdz = 0; at z= 0 (syounetry)

2. The effectiveness factor is defined as
1 = (actuail reaction rate within the catalyst)/
{rate if not slowed by diffusion)
7 =-D(defdz)=r / keo = f{d)

where ¢ = R(i/D)".

3. D =the diffusivily of A mside the catalyst.

k = the rate constant of the first order reaction.

R = the size of the slab catalyst. '
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S St de/dz = 0

slab catalyst
of size R

Fig. P5



