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University of Calgary (o j-ﬁ,-ﬁ” :
Department of Chemical & Petroleum Engineering

ENCH 501: Mathematical Methods in Chemical Engineering

Final Examination, Fall 2002

Time: 8 - 11 am Wednesday, December 11, 2002

Instructions: Attempt All Questions.
Use of Electronic Calculators allowed.
Open Notes, Open Book Examination.

Prohlem #1 (25 points)

Atlaast cnce a year, the water in tha Glenmore reservoir undergoes a thermal inversion, Le,
heavy cold water which accumulated above lighter warm water sinks and convection currents stir up
the mud at the bottom of the lake. Water which then enters the intake duct of the distribution pipeling
{for the period before the mud has setiled) contains suspended cley particlas and it is brownish. The
water also contains traces of dissolved and suspended organic substances and is cleaned or purified
by passing it through a bed of activated charcoal pariicles.

A bed of particles or a filter is as shown in the sketch below. The bottom end is exposed to
{he ambient, The cross -section of the bedis rectangular and is 50 by 60 cm. The height (L) of the
bed is B0 cm and a column of water {H) 1.2 m high is maintained above the bed. Thi clay particles
suspended in waker deposited within the bed and changed the permeability non-uniformly. Staring
fram the top of the bed (x=0) downwards, the parmeability is describad by:

K =x{1-as™) where r = »/L, a= 0.7388 and b=2

o

{a) How long would ba required for 500 US gallons - T

and ¥, equal 5 darcys.

{1 US gallon = 3.78 litras) of cear waler to percolate
through the bed at steady stata?

the bed, what would be the leve| of water in the side

[{=]] If an L-shaped tube is attached ata point mid-way of T "
arm above the point of attachmant?

Data:
Properties of water: |1=1.308 mPa s, 0=999.8 kgim® l L

Darcy's Law: Q= (WP -dPidx + pg]

~ NN

1 darcy = 9.78(10%) m*
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Froblem #2 (20 points)

Public swimming pools and other recreational water venues need lo ba disinfected in cases of
fecal accldents. Itis recommended that hypochleoriles be added and the concentralion of free
chlorine be ralsed to 20 mgAitre {or 20 ppm) at a pH of 7.2 to 7.5 for at least 8 hours lo ensure that
Cryplosporidium present Is Inactivated, People who swim in the water scon after disinfection absorb
a considerable amount of chlerine which is "tough™ on the skin. You have been assigned tha task of
estimating the uptake.

Available to you are 10 cm long and 1.2 em diameter tubes filled with a gelatin-like material
and sealed al one end. The diffusivity of the madium al 5{10%) m%s |s similar to that of the outer
layers of the skin when wek. The convective mass transfer coefiicient (k) at the gelatin-water surface
is 0.0027 m/s and the free chlorine concentration in the pool was maintained at 20 ppm, The gelatin
{densily ~1020 kg/m?) Inilially did not contain any chlorine.

(a) Use the Integral method to derive an expression relating the depth to which chlorine would have
penetrated into the gelatin (5) and time elapsed (1) from the instant of ube immersion in the pool.
Make reasonable assumplions and clearly justify them,

(b) Determina how much chlorine would have been absorbed by the gelalin after 8 hours of
immersion of a tuba.

Problam #3 (20 points)

Aviation fuel is to be pre-heated before being injected into an aircraft engine. The fuel flows
through a ¥ inch Schedula 80XS steal tube wrapped with an elactric healing tape and insulated on
tha outer surfaca, The fluld enters the heating zone with the velocity fully developed and at a
tempearature of 15°C. It is assumed that the heat flux is constant along tha length of the tube and the
fuel Is to exit the tube at a bulk mean temperatura of 75°C. You may assume Ihe temperatura profile
is very rapidly developed at the start of the healing zone and the tube length is 2 m. The fluid flow Is
laminar at a Reynolds number of 190,

If you can neglect the thermal resistance of the tube wall, estimate the heat flux at the outer
surface of the wall of the tube {g,), the centre-fine (T.) and the tube wall (T,,) lemperatures at the
pipe outlet.

Data: Properties of aviation fual:
pP=T80kg/m*; H=0586mPas; C,=2.132kMkgK; k=0.138 WimK
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Problem #4 (20 points)

Electricity is passed axially along a hollow aluminum pipe of outer radius 4 ¢cm and a wall
thickness of 1 em. Airis blown over the outer surface and threugh the pipe at high rates such thal the
surface lemperatures ara maintained at 50°C while the steady stale maximum temperature within the
wall is given as 120°C.

At what radfal distance is the maximum temperature located and what is the rate of heat
genaratlan per unit volume in the metal? You may assume that the current density is such that the
rate of heat generation is constant throughout the salid.

Data: Properties of aluminum:
P = 2707 ka/m? ; C,=0.869 klikg K: k=208 Wim K

Problem #5 (BONUS 5 points)

Sketch the following, Give a brief description of how they werk and typical applications:
. glabe valve

check valve

cenlrifugal pump

a heal pipe

a coaling tower
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