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Question 1 (5 Marks)

(@) Adding heat energy to an ?bj ect Q=mc(T; —T,)  where: m = mass (kg)
causes its temperature .to rise as - ‘-—mgf’ ¢ = specific heat capacity (J/kg K)
described by the equation on the Team fr Q = heat energy (J)
right. Use dimensional analysis to T = temperature (K)

show that this equation is

dimensionally homogenous. )
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(b) Fourier’s Law of heat conduction can be written k(T1 T,)
as shown in the equation to the right. Use = where: Qs heat flux (W/m?)
dimensional analysis to express K in terms of k is thermal conductivity
fundamental dimensions, and provide typical T is temperature (K)
metric units for thermal conductivity. Clearly L is length
show how you came to your answer. & /
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Question 2 (11 marks)

Table sugar can be produced from sugar beets. Dry Dry

sugar beets, WhiCI} contain 18 mass% sugar and 82 Sugar ® ® Sugar
mass% ‘beet solids’, are fed (Stream 1) into a pBgetg ————> > Juice
vessel called a contactor at a rate of 10,000 kg/day. 10000 Ky / /4' Wt /. - ’7727"

Pure hot water is fed (Stream 2) into the contactor Wi S ﬂ/ . i z N

at a rate of 5,000 kg/day. Within the contactor, /, Contactor | ¢ 74807 &

70% of the sugar originally in the dry sugar beets §2.mass colic)

dissolves in the hot water to form sugar juice, @ o)

which leaves the vessel in Stream 3. The sugar Hist: sess—tiy e ANt

juice contains 35 mass% sugar with the balance \Water _ Beets
being water (it does not contain any ‘beet solids’). Coov @A/ v o —— sbeef
The dry sugar beets, which have now lost some wr Pl v / ¥ o

sugar but absorbed some water, leave the contactor 7 Johas / I itonin 9%
as wet beets in Stream 4. Assuming this process JHgas, G ¥4 Jirrd
operates at steady state, and does not involve any ' Lo ler

reactions, answer the questions below.

(a) Determine the mass flow rate (in kg/day) of sugar in Stream 1.
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(b) Determine the mass flow rate (in kg/day) of sugar in Stream 3. ) Faa / /{/ am //
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(¢) Calculate the mass flow rate (in kg/h) of sugar juice in Stream 3
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Question 2 (Contd.) > Cmpait p% 4 d/ J;,/pj/ waler ad s

(d) What is the composition (in masg%) of wet beets in Stream 47
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(e) Determine the mol fraction of sugar in the produced sugar juice. Note that Msugar = 342.3 kg/kmol
and Mwatcr 1 8 kg/ kInOl
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Question 3 (14 marks)

Shown to the right is a P-V diagram for otorifed
a newly discovered substance called ligui¢
Stuffium (Mstuffium = 100 kg/kmol). You
conduct experiments with Stuffium
using a variable volume container that
is fitted with an injection port.

=
o

PART A: You inject 250 g of pure
Stuffium into a completely empty
variable volume container with a
starting volume of 1 m>.

Pressure (atm)
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(a) At an equilibrium temperature of
400 K, determine the speciﬁc 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
volume (in m?/kg) and pressure (in Specific Volume (m?*kg)

atm) of the contents at equilibrium.
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(b) Following from part (a), you isothermally increase the volume of the container until you have a
saturated liquid. Determine the pressure (in atm) and the spemﬁc Volum (in m3/kg) at equilibrium
under these conditions. /ie/hdimd =2 crfunf /(W%’//‘/"' 2 Jolles o 16 fhesm

P & atm /245y, (e pot B o gph / |

(¢) Following from part (b), you continue to isothermally increase the volume until the specific volume
is 8 m?/kg. Determine the phases present at equilibrium, and the specific volume (in m*/kg) of each

phase present. Liguiw » V.= USm 3/{) Je pe il (€) om glgh.
i/ ’}/:d' Ui 7 ‘l,”’v"’r‘ 2 / J’f/)/ 7/(/’
7

(d) Following from part (c), you lower the temperature of the contents in the vessel at constant volume
until an additional phase appears. At equilibrium under these conditions, determine the following:

(i) The pressure (in kPa). Note that 1 atm = 101.325 kPa.
F= {Z Bcrm (/‘/ Jes” M ) = 2037/
10777‘

(ii) The degrees of freedom present. Show all of your work. —2 Yent arc on S e hesc Jrne

Fe €-F2 = [~5+2 = O (SC pod W) om yragh )
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Question 3 (Contd.)

(e) Following from part (d), you now heat the vessel contents while keeping the volume constant.
Determine the density (in kg/m?) of the liquid phase present at an equilibrium pressure of 6 atm.
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(f) Following from part (e), if you are told that exactly half of the contents in the vessel are in the
vapour phase at equilibrium, calculate the volume (in m®) occupied by the vapour phase.

2 m F veger = ZSQZ/Q, = oy = 0.125
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PART B: You now empty the vessel completely, and set the volume to 0.135 m?. While keeping the
volume constant, you place 10 g of Stuffium into the vessel.

(g) Determine the temperature (in K) in the vessel, and the amount (in mol) of each phase present at
an equilibrium pressure of 6 atm.
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(h) Following from part (g), you decide to isobarically inject Stuffium into the vessel while
maintaining a constant volume. Determine the mass (in g) of Stuffium that you need to inject into
the vessel if you want the final equilibrium temperature to be 400 K.
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