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Attempt all six (6) questions. Marks are noted in the left page margin. Total marks = 100.
Only Schulich sanctioned calculators are permitted. Notes and textbooks are not allowed.

A separate handout listing formulas, charts and data is provided.

You must show all of your work and specify units in order to obtain full marks.

Print your name and lecture section clearly in the space provided on the cover page. Write your
ID No. on all other pages in the provided space.
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QUESTION I (18 marks) 150 —® 150
_ _ , , Gamdous i Qo
Isoamyl acetate (IAA) is a chemical that is used in the food \\/ ,-\;53' ALV
industry to provide the scent of bananas, and is called banana \ 7 é‘@_q/?‘-’ 130
oil. IAA has M=130.19 kg/kmol and Tc = 586.1 K. When e \ g
IAA is mixed with ethanol, the resulting mixture smells like L N\
pears, and is called pear oil. Ethanol has M=46.07 kg/kmol 1
and Tc = 514 K. You carry out some experiments on a N\, ‘ %\
mixture of [AA and ethanol, and obtain the liquid=vaps N ’
phase diagram to the right at a constant pressure f 1 atm '
(a) On the diagram, label all the regions and curves \'qz :
' T4
(b) What is the normal boiling point (in °C) of pure JAA? “ag 0.
' oQ, Mol Fraction of Ethanol PUMQ
4} N Fhano

(c¢) Youare in aregion of the graph that contains 40 mol% ethanol at 90°C. Calculate the degrees
of freedom remaining in this region.

Fe GPr2 >Bur st PUESSRAAD,

2-948 W/

2-1 <

e

(d) You mix together.52.08 kg ’o%with 27.64 kg of ethanol in a sealed container_at a
temperature @ he vessel is then heated to a final equilibrium temperature 0@ and

pressure of 1017325 kPa.

(i) Determine the amount (igﬁol) of each phase present under these conditions.

5 0 ko M
e - \Qk U400 kol 1AR

0.600 bmoettanol

Uc() 0 k&
Tl 4 wdg: 100 kol

L/:,:,ﬂv

6.5 06
(006 _(un- 5 [ (ol )
(04 -0 255 7] QIKZUV‘C& of QLCKL\:& ’

Use the other side of this page if you run out of space.
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QUESTION I (Contd.)
(i) Determine the mass (in kg) @1 each phase present under these conditions.
—

L\C\\xﬁ& 0- Z”Q kvvmp\

o 0L 6 bl

6 1K fmad %E qk% - | 2\,6%%.,.k@ @g{;/{aud 1\ !M
30 7L

Voo (o 9 kel 1.3 MO JQM\, [H{\} WO&
0.3 kol fﬂi )36386 i) o0 \Jqpow s [AR
Q |

M A

() How many moles of ethanol need to be added to the mixture in part (\d_)/t‘o reach the azeotrope
composition?

0.@604(\/\40&
Lokl A X

0z =

02+ 00% © 04wl
x|

\M& oF otionad weds 4o ke ‘OKOQM

|
é//

@ }he%r?iﬁ?re i@is isobarically heated in a variable volume container to a temperature of
6093 K / N oC.

| A

B (VB ---"Determme the pamal pressure (in kPa) of [AA under these conditions

0l 22§ H)cb(o 4 mdefockion, 1AY)

\ 40 63 kPo\ ( \&/

Use the other side of this page if you run out of space.
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QUESTION I (Contd.)

(i) Determing the volume (in m?) of the mixture under these conditjons.
N (w( S i D
! G (.
(. |
E w%.-.mﬂ /
e

(iil) Determine the rate of collisions per unit area (Note: use Mg if the molar mass is
required).

_ QN% Mwa (0.4x B0 lq‘%ﬂx 06 % db 04%&\5

- 142k o |l cvw&

- «J@ . (OOERemsD) g o6Tmls
™ Y g g OFFHR)
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QUESTION II (15 marks) 5
PART A: A calcium (M =740.08 kg/kmol) is known to exist in @ucwre for which
the closest intéfatomic distance is 3.94 A. .
. O=39dA ,
(a) Calculate the density (in kg/m”’) of a crystal of calcium.
2 q0~6& \ ! [N W N " ”?.6
—— % M, x ,M . LECHG. X EX
ok T b.02 k(% malkaules 180

o e

[ 3.4 1
(29407 ﬁ L

-
-

RS
(b) If a crystal of calcium occupies a volum@rg/estimate the @Ln_l_ag_gi@cium atoms

in that crystal.
3

b _
or, o BEl D gy
m

0
waleolo, = 6AC780T x(o"&%

el
|.5394 x(ﬁ@ —

.y 22
T [ = 2302040 g |
| %y

Use the other side of this page if you run out of space.
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QUESTION II (Contd,)

PART B: Core samples taken from an oil reservoir are porous in nature and contain void spaces.
To simulate a porous core in the laboratory, spherical glass beads with a diameter of 0.5 mm are
packed into a container that has the dimensions 45 cm by 45 cm by 10 cm. The beads pack in a
simple cubic structure.

—

(¢) Determine the number of beada that can fit in the container. d? 0. Smwd o Ty| Q)'q M)

é P | ooict ok . . .
T e, of wt @b = (sx(@@wy s LT AY Ty
0=d | ek cat) holds | adows [ matleclie
(645w x (04T amwY ¥ (0.0 w) |

© 5.0 (07 000 oot b 1
R SN QQQ beo@& (
—- (P

e,

(d) Calculate the tot
glass bead {§2650 kg /m
N g

M < dastle y

in kg) of the glass bead pack in the container if the density of each

6\3

m : 26§0\% {W\Fg

_ PK '(Jm/(fxlb'qy :

c’*

mm\\ (_\bz, o0 ooy bedds)

£ &
gg,%?( %

Use the other side of this page if you run out of space.
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QUESTION II (Contd.)

(e) . Determine the void fraction of the glass bead pack.

b VAT — (4 (W0 256 '”MS

e

\ 'Z’S 7(( -l \/v\\g

(H Oil with a density of'8Q0 kg/m>is injected into the container until the void space between the

packed beads is totally filled. Calculate the mass of oil (in kg) that can fit in the container.

» (048 125y @)(Kos“%ﬁ 4 76401 ¥ k% gr it ol

Mo, 162000 o0 “uukt s

/ 62 000 000D (43640 A0 %)

Use the other side of this page if you run out of space.
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QUESTION 111 (18 marks)
Molecules of octane (CsHis) Parameter Octane Nonane
and nonane (CyHoo) are similar o7 1 A77es 114.23 kg/kmol | 128.26 kg/kmol
in size and shape. These two C 2622 Jmol K 3222 mol
substances are completely P -2 J/mol- 22.2 Jmol K
miscible. Normal Boiling Point 39882 K
Vapour Pressure at 415K | 155.79-KPa 76.235 kPa
AHy 39,400 J/mol 46,500 J/mol

(a) Develop a correlation for nonane in the form In(Py) = - A/T + B where A and B are constants.
S —————

AHy s G500 1000 @0& ; |3 45500 /J//Lvm&

mof |k J0O3
A= -AHy %SOC)@(MWQ
R ¢ M\
/M\c
W(R): -9
T
; ‘ - -
% 235) = -gsae 9,
| HTIC

< 551 .9

C

Grrelos..
QM(P\/B: 'M +\H8l
. - '

Woce, B i in (o onde TS w febu

Use the other side of this page if you run out of space.
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QUESTION III (Contd.)

(b) Determine the normal boiling point (in K) of nonane.

z sy ST, ¢
Il

T 43 @

(¢) 20 mol of nonane is mixed with 80 mol of octane in a rigid, sealed vessel, and the mixture is
allowed to come to equilibriumWinal temperature of 415 K and pressure of 135.9 kPa.
Under these equilibrium conditions, a vapour and liquid co-€xist within the vessel.

(i) Determine the composition (mol fraction) of the liquid phase at equilibrium.

» Totol pussive, = BE- Ao, o |
125 9kPa_~ (¢ < ITC ﬂ_&¢¥q\+(\-x [ 36 < 1) h 1S W\Q)\{VQCRKCL‘

25 i < ITEFAXAL BTk - 36 BTN ockaue, -
KT - 95Cx T sl k=
N = +< —_— o uiwes
(i) Determine the composition (in mol fraction) of the vapour phase at equilibrium
1.5 pﬁ ~i

}

i
(S R 035D | gsart mal, Audie octune

1339 (P, o 1462 mole ackien nonoLAR_
(iii) Determine the-amount (in mol) of liquid in the vessel at equilibrium.
3 .
g \— , l v
— '
¢ AT IR 0.%CaF
0 ‘&qu_ - Q J&

VR Te-h e ”@/sqqz\\ N (el

[0 AC9F - 0, ERN
\\ S y2mol ¢ Q(c mc&

Use the other side of this page if you run out of space.
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DUESTION III (Contd.) ! /SE o\a{m{ N AEKQSE _
@I 10 mol of liquid octane @s mixed with 1\0&@ of liquid nonane metermme

the final equilibrium temperature of the mixture

o202 7Y [wad (T, -0 cjm C)mma) (%2 23 ma&K}( 40
_ (a2, -5440) = 32227, — 1 &80
S2040= 2622 T = 3201~ 12.88&0)
BN SRV
- T Snal Qq\xﬁ\bvvu WO& e

pure liqu{d octane ihito this vessel at a startmg temperature What is the minimum {me

required (il o completely vaporize the octane? P\ LUL
S nof vvm/Q bo\lm
OO ghel) G, 893 15K

(acmméb(m pay \a)@q& 32U~ 203.KK) 4 (zmm\)(gq qcm/
_ 5HU32YE T 80 N0 §

(e) You have g ||" ~yessel that can be heated at a constant rat 20 kQ/You place\Z kmol

34 213 34€ T [ oo I8
6710 67Y <

P

RORET

Use the other side of this page if you run out of space.
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QUESTION IV (18 marks) \/W\ S \L

C\) Three pure gases are combined in a laboratory to test the effectlveness of this mixture as a miscible

\ / solvent for an enhanced oil recovery project. Because of the hazardous properties of one of the

“¢ pomponents (Hz2S), the gas mixture is prepared in a fixed volume cell, and then transferred to a

\ ariable volume cell from which it is injected into an apparatus that contains a reservoir core.
Properties of the three gases are provided in the following table.

Compound M T Pe 2 5 3 b
(kg/kmol) | (K) (kPa) | (kPa(m’/kmol)*) | (m”/kmol)
Methane 16 190.6 | 4600 228.0 0.0428
Carbon Dioxide 44 3042 | 7376 364.8 0.0428
Hydrogen Sulfide 34 3732 | 8940 4qq .

(a) The gas mixture is prepared by weighing the fixed volume cell (volume of 5 litres) as the
individual components are injected. The masses of the components are 26 grams of CHa, 23

grams of COz and 16 grams of H2S. The cell is then maintained at an equilibrium temperature
of 20°C.

(i) Determine the composition of the gas mixture m?;le percent.
3 Ee_%% w W& < 16 mal = GLG w FQ/@/& CHy
> | |
ﬂ@k ML g = 100 ik paed CO
g
lbo, M - 04w > (20 mde VLJ%HQS

2 6l18Zmall

(i) Calculate the average molecular mass (in kg/kmol) of the gas mixture.

(0 &2 x !6&[\/\4&% (O?quq@umo é{(i 34% \M@

7

[ Uyl

Use the other side of this page if you run out of space.
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QUESTION 1V (Contd.)
(iii) Determine the van der Waals constants a (in kPa-(E—zl)z) and b (m ——) for the
mixture. 7 ,
RS- TR (R30S oo }(’S’r% 2\ \ R&: M
& R FRES

%/ SISO
b hSs 0 QUZS W [kl }1\
(% 52 x AT Ot ) (0 .2 vt Tl el )4

[0.18x oot toled )|
Rz 619 th N

b - isbu\@;oqz&y(,@:zg 0.0+
L= 0.04289 m}/][(mgz

(iv) The fixed volume cell containing the gas mixture is placed ir?gon}s};nt temperature
oven and heated until the pressure within the cell reaches 2000 kPa.. Estimate the
temperature (in °C) in the cell at this high pressure. ~

- 3
N S U T

00|
2687 vy kol M&&Vb o K
Vo | 0028 m’@ o/

( <V“ b - % Z

(T: (’2@(\(‘\ \(PU\ X Z&q qu kPO\ QL‘MO’B (f{/ %gquw JkMQQ .’ Q qugqﬁ\
\ QOQ W /‘(,\/wk "

C o) kP mE

(01€x 0.0433)
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QUESTION 1V (Contd.)

(b) 30 grams of gas mixture from the fixed volume cell is transferred to a variable volume cell.
The temperature of this cell is set at 105°C and the volume of the gas mixture is reduced until
the pressure reaches 10,500 kPa. Using the pseudostitical method (Kay’s rule) with the
generalized compressibility chart, estimate the i/olumexﬁ.in litres) occupied by the gas mixture.

300, X Mol agr mal
2@.&4%

Tes (02vian . 610) +( 020y 304 2 ) +(0-8 ¥ 38 T

. QU R
Res (6 x U + (0.0 % F3bl) + (0K v €40 o)

e

599 .0 H /
T KK = lﬂ%@

LS e
L go
i =12

£9% . ld)c;\\ %

203t/

%t k1
P

V= (0 &) (6-00 znguwﬁy &319) (3%8 : (/S l(>
T TV N

Fac -

-4
\/i % - ‘& v( b VV\)\/ [ ——
7 ) ) RS
I
\ 0 3 \ ) L Use the other side of this page if you run out of space.
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UESTION V (14 marks) Space to draw a figure if needed

A company discovers an oil reservoir located below the floor of | {no marks associated with this)
a sea, and drills a pipe from the sea floor (which is located at a
water depth of 1550 m) down to the reservoir, which is 4050 m 10w
below the sea_ﬂgTThe absolute pressure in the producing | &

reservoir is 59.1 MPa. The drill pipe, which allows oil to flow
from the reservoir up to the level of the sea floor, has an inside
diameter of 70 mm, and a roughness corresponding to
commerci @ After drilling, a blowout occurs, and all of
the ﬂow1 idently escapes from the drill pipe into the sea

water. ) q Dg(
WA

You are given the following data:

Density of sea water: 1020 kg/m?
Atmospheric pressure: 101.325 kPa
Density of oil: 850 kg/m? « 5 MP&
Acceleration due to gravity: 9.81 m/s?
Viscosity of the oil: 0.16 mPa-s

Use the information provided to answer the questions below S
(Note: if you ever need to iterate, start with { = 0.0047, and |

perform a maximum of 2 iterations).

(a) Determine the pressure (in MIY of the water at the sea floor.

2B+ (g Y 55Om) | ozmcéfm)

e T—

~.

(b) The oil pressure at the exit of the drill pipe is O 49 M}h greater than the water pressure at the
sea floor. Calculate the pressure drop (in MPa) in 1 the drill pipe between the reservoir and the

%.LMMPQ LS C0A6 | MRy - 1b.MPo
N - Gutlet -t
b M — DA | MP

—

Use the other side of this page if you run out of space.



ENGG 201 Final Exam (Fall 2014) Page 15 of 19 "ID No. ( 6\ é(‘gggg

QUESTION V (Contd.) _
(c) Estimate the average velocity (in m/s) of the @owing in the drill pipe.

Re- DUp CM&W\%@
M @-\‘o\({\)% O

| fo = FHEK n
e Tarbulg wk Hon!
YN Q%\A N':\ [_2__8__\1 / _ hume NN Q
21340 oo P @m\ W) @RnUse) | 285 (50w V)
T Gasom (B ). G
T J(pf '
- 9498S T i
r,//“ﬁ S0 68 .a43
h= | 0.4 H / £t
r\ £ J%oswzss F+ Tuoul
by |+ 0 00 et - @ RO
W= {“\ uq W\[S VQ%QB : M/a
(d) Estimate the daily volumetric flow rate (in m*/day) of the oil escaping into the sea ‘ % 6q
Q- uA»
- w0, 07\ )
A TRLEV [l ™) (Bl

oS 9BUS K6 Bk )(—%‘EX 1(“)[“‘“\”3

Use the other side of this page if you
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QUESTION V (Contd.)

(e) An experiment was performed using a Fann viscometer in
order to determine the viscosity of the oil. The data shown
in the table to the right were obtained at 50°C.

o [OHERNS,

Trial shear rate shear
(sh stress (Pa)
1 25 50
2 60 100

(i) In20 words or less, explain why this oil is not a Newtonian fluid.

Rotio hotpow oo fode, @ Qe el ams
nat constand befuees dads

(i) If this oil is a power law fluid, calculate the value of the fluid behavior inde

NS Q}A_V;:‘—V—\—QM (‘”*>

D100y = K s fn (60
(50 < Gk g nfu(2r)

0.881Y < 0 8846w

Use the other side of this page if you run out of space.
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QUESTION VI (17 marks)

A detached garage located in the town of Watson Lake, Yukon, has the dimensions 10 m long, 8
m wide and 4 m tall. The four walls and the flat roof are made of a three layer composite structure.
The inner layer is 1 cm thick drywall (x = 0.18 W/m-K), the middle layer is 3 ¢cm thick mineral
wool (0.03 W/m-K) and the outer layer is 1 cm thickpine plywood (x 70.15 W/m-K). One ofthe '
8 mx éi m walls contains a maple wood (x = 0.13 W/m-K) garage doo i
thickness of 2 cm. The garage must maintain a c'onstant'femperatu e 0f\20°C ; sing an electrlcal

heater. OnaNpafrticularly cold day, the air temperature outside is Using the information
provided, answer the following questions:

3 (a) Calculate the area (in m?) of:
law 20w
(i) The roof
2
¥ 3w Bl = K0w

(ii) The garage door

T 3 € =2 Su

195w

(iii) The composite walls .
oty + 1 (B)s [T =20

LY

(b) Calculate the rate of heat loss (in kW) through the roojﬁBfthe garage.

P (e~ 200 i
(3w o S
S0 4 0% gOlw  LoRLW

6-\% 0-03W 04T W dad
hw \C mlC

- aeiw |

‘\—
f)

Use the other side of this page if you run out of space.
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QUESTION VI (Contd.)

(¢) Calculate the total rate of heat loss (in kW) through the walls and the garage door.

UEDEL) (e S §PO.

0,\%20_ AN @ 03\“ 0.1 W
i mi e e

BN i
| 2 |
IR — 112222
| N
ST W 602, RY W

|- Rk L

(d) If energy costs $0.04 per kWh, determine how much it will cost to heat the garage on a day
where the average outside temperature i&——/S"g.//

RS OV =SE AN
RN 4N

29 k;&(@ 0 y\g\%

BQ\‘ iz |

Use the other side of this page if you run out of space.
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UESTION VI (Contd.)

(e) Snow (x = 0.3 W/mK) that settles on the roof of the garage acts as an additional layer of
insulation. Determine the depth of snow (in cm) required on the roof to reduce the cost of
heating the garage by 5%.

(32 05)- (055 20.3) S ) g

- $4 9% 6.3
TGMW e ARSPARTY = 0040 w
AR CALS, "
W S Fom <5£ PO
(0w )@J&Oc AW nded
o = 3. KU W ._.,/ —
1227 b
o =

(f) In 20 words or less, describe one thing that you could do to significantly reduce the heat loss
from the garage.

hdd %)\V\\C sl dho Wipe Suien Rty O\V\G\NUEQQ O\VLQ
oo pend s

(g) The air in the garage has a density of 1.205 kg/m®. Assuming that air acts a@;] gas, )
determine the density of t@mﬁlde oo el

¢ Lokl xm&( L

o . \?ET ol L 2RATK
a2

-0 A
\/W\: &T \l Use the other side of this page if you rfp
P,
W

o, X \m& = 0 1588 kg j




