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ENCH 501 Transport Phenomena University of Calgary October 25,2016 Al

MID-TERM EXAMINATION
Time Allowed: 90 minutes Open Book and Open Notes Examination.
Programmable calculators are the only electronic devices permitted.

Question 1. (12 points)

The hot water extraction process is the primary method for extracting bitumen from oilsands. Mined oilsands is
conveyed to an extraction unit and mixed with hot water. Both steam and industrial caustic soda (agueous sodium
hydroxide solution) are continuously supplied to promote separation and disengagement of droplets of oil from sand
and clay particles. In a semi-batch operation, oilsands and warm water are charged into a vertical cylindrical vessel to
a depth of 2.2m and the suspension (or slurry) is continuously well agitated. The tank, 3m inside diameter and 8m
tall, is very well insulated on the external surface. The initial temperature of the suspension in the tank is 38°C. At
time t = 0, saturated steam at 118.6°C is steadily fed into the slurry at a volumetric rate of 10.14 m®*/minute. A caustic
solution (that is 5.2% by weight NaOH) at 25°C is also steadily supplied at a rate of 0.06 m®/minute into the slurry.
Excellent separation between the oil and the solids is expected to be achieved when the temperature of the slurry
reaches 85°C. At this time, both injections of steam and caustic are stopped. Stirring is also stopped so that the oil
droplets and the solids particles can disengage. The lighter oil rises and the heavier silica particles settles.

(a) How long will the process take between the start and termination of steam injection? Show all your steps. (Pay
attention to being consistent with your units.) '
(b) What would the level of the suspension be in the tank when stirring is stopped?

Data and Assumptions:

e For slurry —assume the specific heat C, and the density p are constants irrespective of the amount of dilution by
steam and caustic soda, and the values are 2.45 kl/kg K and 1014 kg/m? respectively.

¢ No chemical reactions are occurring inside the tank and the ‘heat of mixing’ (not the sensible heat) of caustic and
the slurry is negligible.

e Caustic soda with 5.2 wt % NaOH — density is 1,060 kg/m?, specific heat is 3.98 ki/kg K

e Feed steam - temperature is 118.6°C, pressure is 190 kPa, specific volume is 0.929 m3/kg, heat of evaporation (or
condensation) is 2206.2 ki/kg, specific heat of water (or condensed steam) is 4.186 kl/kg K.

Question 2. (8 points)

Lookout towers are frequently erected in forested areas so that individuals can monitor the occurrence, or
preferably, the initiation of wild fires by lightning or human carelessness. These wood or steel towers, often in
elevated terrains, are high above the surrounding trees to provide vantage viewing. A cab (or room) at the top of
each tower provides a safe space from potentially dangerous animals. Suppose an observer is located at a height y
above a flat terrain. Using a binoculars and a sextant, the observer notes a small fire at location A on the plane. The
angle of the line-of-sight for position A to the horizon is a. Along the same direction on the plane of the terrain, but
closer to the watch tower, is another small fire at location B. Point B is at an angle B to the horizon. The distance, on
the plane and horizontal terrain, from A to B is x. Find the functional relationship between separation distance x and
the parametersy and a £ B (in any combination of o — B, a+ Bor B — o).

Ify =20m, a =5° and B = 32°, what is the value of x?



TRIGONOMETRIC IDENTITIES

e Reciprocal identities

. 1
sinu = Ccos U =
CSCU sec
1
tanu = cotu =
cot u tan uw
1
CSCU = — secu =
sin cos U
e Pythagorean Identities
sin®u + cos?u =1
1+ tan?u = sec?u
1+ cot?u = csc?u
e Quotient Identities
sin cosu
tanu = cotu = —
cos U sin
e Co-Function Identities
v AT ™ :
sm(E —u) = Ccosu 005(5 —u) =sinu

tan(g —u) = cotu cot(g —u) = tanu

csc(g —u) = secu sec(g —u) = cscu

Parity Identities (Even & Odd)

sin(—u) = —sinu  cos(—u) = cosu
tan(—u) = —tanu cot(—u) = —cotu
cse(—u) = —cscu  sec(—u) = secu

e Sum & Difference Formulas
sin(u + v) = sinucosv £ cosusinv
cos(u +v) = cosucosv Fsinusinv

tanu &+ tanwv

t *tv)=—"—
ST &) 1 Ftanutanv

Double Angle Formulas

sin(2u) = 2sinwu cos u

2 2

cos(2u) = cos”u — sin®u

=2cos’u —1

=1-—2sin%u
2tanu

tan(2u) - 1 —tan?u

¢ Power-Reducing/Half Angle For-
mulas

5 1 — cos(2u)

sin”u =

2
1 .,
cos?u — + cos(2u)
2
tan? U — 1 — cos(2u)
1 + cos(2u)

e Sum-to-Product Formulas

. . \ U+ v
sinu + sinv = 2sin (T)
U+ v
2
u—+v
cost + cosv = QCOS( 5 )

u —

N

()
cos
. U—
sin
2
U — v
cos
2
‘ u-+v . u—v
COSU — COSV = —28in (T) sin ( 5

e Product-to-Sum Formulas

1
sinusinv = = [cos(u — v) — cos(u + v)]

sinu — sinv = 2 cos (

1
cosucosv = [cos(u — v) + cos(u + v)|

1
sinucos v = i [sin(u + v) + sin(u — v)]

1
cosusinv = 5 [sin(u + v) — sin(u — v)]

)
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