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Schulich School of Engineering
ENGG 201: Behaviour of Liquids, Gases and Solids

Quiz |~ e
Closed Book / Closed Notes / Sanctioned Calculators Allowed Only

October 3, 2013 Time Allowed: 60 minutes

1. Do not turn this cover page until instructed to begin.

2. Provide answers to the questions in the space provided. If you require more space on a
given page, you may use the back of that page to complete your answers.

3. Please write clearly and legibly.
4. You must show all of your work and include units to receive full marks.
5. Possible marks are listed in the left margin.

6. Please ensure that your name is written at the top of every page.
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Question 1 (8 Marks)

Extensive studies have shown that when a fluid flows over a flat, solid surface under conditions
where the flow is defined as “laminar”, the velocity of the fluid at the surface is zero, and the
velocity increases linearly with distance away from the surface. In certain fluids, the fluid viscosity
(1) can be related to shear stress () through the relationship shown in Equation 1:

du
T=—U (———] +C Equation 1
dy
[N TR
TEMA  TCEME TermC
where: T = shear stress which is defined as the force per unit area parallel to the surface
W = viscosity
C =yield stress
du
[d—] = change in velocity (u) over a distance y away from the surface
y

The viscosity can also be used to determine kinematic viscosity (v) using the ratio shown in
Equation 2:

V= B Equation 2
p

where:  p = density (kg/m’)

(a) Express yield stress in terms of fundamental dimensions (show all your work)
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Question 1 (Contd.)

(b) Express kinematic viscosity in terms of fundamental dimensions (show all your work)
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(c) Provide typical metric units for kinematic viscosity.
| %]
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Question 2 (10 marks)

A 120°C vapour containing 60 mol% isobutanol (C4H;0O; molar mass = 74.12 kg/kmol) and 40
mol% water (H,O; molar mass = 18.02 kg/kmol) enters a tank at a rate of 300 kmol/h where it is
cooled to 95°C, causing a portion of it to condense. The condensed liquid leaves through outlet 1 at
the bottom of the tank at a rate of 200 kmol/h. The remaining vapour leaves the tank through outlet

2 at the top of the tank. An analysis of the vapour leaving the tank shows that it has a composition
of 50 mol% isobutanol.

Space to draw a figure if needed (no marks associated with this)
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Assuming that the process operates at steady state, and no reactions are occurring, answer the
following questions:

(a) Calculate the molar flow rate (in kmol/h) of the vapour leaving through outlet 2.
Sl JivI g 2lr) off Jﬁﬁé J/?ff; Bee @ g0 coccimrretidion
(i ffire 1y o e z/zm/ Kery o 70 //’(ﬂa’//z/m Vi anid oty e Goveriee!

1= tL/
! {/L,Z ﬁg _ Va0 // Af/ /p//”
/;"/{77 74 /‘/{(1 o0 / f ///( ) V/

Jec /cm% = '/Q/; /ﬂ F 207 £ ‘//4

M7 oif

(b) Calculate the molar flow rate (in kmol/h) of isobutanol in the inlet stream of the tank.
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Question 2 (Contd.)
(c) Calculate the molar composition of the liquid leaving the tank through outlet 1.
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(d) Calculate the mass flow rate (in kg/h) of liquid leaving the tank through outlet 1.
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(e) What is the mass fraction of isobutanol in the liquid exiting through outlet 1?
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Question 3 (12 marks) 275
Shown to the right is a PT diagram for a newly
discovered pure substance called Ficshunium. Use this 225
diagram to answer the questions below. -
[
a
(2) On the diagram, clearly label the solid (S), liquid = '73
1.5 (L) and vapour (V) regions. 5
§ 125
(b) What is the temperature (in °C) and pressure (in &
kPa) at the triple point? s
. 75-
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/ 5Lk /ﬁ Temperature(°C)
(¢) What is the temperature (in K) and pressure (in atm) at the critical point? Show all calculations.
(Note that 1 atm = 101325 Pa).
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(d) Starting at a temperature of 100°C and pressure of 175 kPa, you isobarically increase the

temperature of Ficshunium. At what temperature would you expect to see a phase change? What
is the term used to describe this phase change?
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(e) Starting at a temperature of 250°C and pressure of 50 kPa, you isothermally increase the pressure
to a new equilibrium pressure of 250 kPa. Describe the pressure (in kPa) and temperature (in °C)

for each phase change that occurs during this process. Provide the term used to describe each of
the phase changes.
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Question 3 (Contd.)

(f) Calculate the degrees of freedom at the triple point (show all of your work).
C=/ / 2 z//{f/f/ﬁmv Vs /,,, & /fd/( /u,f{/k‘/ﬂ// /
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(g) You place pure Ficshunium into a container, seal the container and then change the pressure to
125 kPa and the temperature to 673.15 K.

1:5

(i) Describe the phases present at equilibrium
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(ii) Calculate the number of intensive variables that you could manipulate without changing the
number of phases present.
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