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QUESTION 1 (9 marks) Stream 3 —
. A = ag| WG el

PART A: In the summer of 2017, Calgarians Particulates ~ |5 / } ﬁ,,/,v,w,/;,,fg i bim |
experienced record high temperatures, very dry air v

and a high level of smoke from forest fires. Smoke is 27 kﬁ/’\ )

made up of microscopic airborne particles, S'tream1 Filtering HS:‘?:i'f'%g S.tream 55
collectively ~ called smoke particulates. An Air =t Unit Air
engineering student built a home-made air tl:_irglc,u lftef 77 ﬁ;:;iumes
conditioner that first removes most of the smoke |, . ika:rm‘-‘ﬁ / ' T

particulates from the air in a Filtering Unit, and then """ Stream 2 Stream 4

cools and humidifies the filtered air in a Particulates ~ Liquid Water
cooling/humidifying unit as shown in the diagram. DAL iof pactivldss

i {ftim |
Stream 1, which contains 99.975 mass% dry air and 0.025 mass% smoke particulates, enters the

Filtering Unit at a rate of 20 kg/h. 95% of the entering smoke particulates are removed and leave
the filtering unit in Stream 2. The filtered air stream and any remaining particulates exit the
filtering unit in Stream 3, and then enter the Cooling/Humidifying Unit. Pure water, which is added
to the Cooling/Humidifying unit in Stream 4, evaporates and the cooled, humidified air exits the
Cooling/Humidifying Unit in Stream 5. Stream 5 contains 1% water by mass. The entire process
operates at steady state.

(a) What is the flow rate (in g/h) of air in Stream 1?

,7',/‘“__,’:” - (Z L@}A') (/[ ‘ 7‘/;775) = 19 z/(/$’@/4f) —7 ﬂf/‘/‘/ﬁl/z//’ /

(b) What is the flow rate (in g/h) of Stream 3?
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QUESTION 1 Contd.

(¢) Assuming the process runs 24 hours per day, calculate the total amount of water (in kg) that
must be added to the humidifier every single day for it to run at steady state.

W are ol it 7 mass /. 5/ Shtam S N m%’/‘ /.7// ,71{/”;/‘
%f‘f 77 ”7’7/J/ % Jivam & 4 @ /“/’m/"(&%%y. N
J}Jﬁ?n J ,c’/a/f// a/’ J/Ffé J’/ﬁ//i 4’// /{i arr -f‘,.ﬂzf/iz,/a/ﬁ /4

Shtem T e o4 c/" ja JShoagm K .
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waler 10 Sfam Wity + M-, a0 + M5, fuchenlote
/Y’,"', pu‘é-'/‘l"” = pie |

my , wd + 09 1%" Zj;/"
me, wiltr = 2ol a19/h -
f 1 J/?I(@ 4'/7»7( /775"‘ u/l«/?f = l'hjl ;J&"o/"’f

Grounfsf vl wdded = (201-975/n )2 l/[/uye) ’TC’%;/A% =& ‘/1 / f///ff/ [
ring _ 72pu ! S

PART B: While designing the air filtration unit in part A, the engine
student estimated the pressure drop across the air filter using the Carman-

- 2 &2
Kozeny equation shown on the right. i 14z
In this equation: P is pressure[}’;zm;fd x is distance [ Lj 4 W is viscosity (Pa‘s) [/Cw;n;xﬂ) [ C')
u is velocity [} /ft) l and I’ are lengths [L3 d is diameter /i)
72 is dimensionless A i dimeasinless -

(d) Using dimensional analysis, determine the dimensions of €

(e // ?7 %7 (’7%///%/‘7 /1 /67/7/1/ ' % /44«?454//'/«/1/ .
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QUESTION 2 (20 Marks) 650 ‘

| VA Opb(k (
The binary phase diagram shown on the right 1+ i —V‘)

contains liquid-vapour equilibrium data for ;
mixtures that contain Stuffium (Mswffium = e
100 kg/kmol) and Whatsium (Mwhatsium =
150 kg/kmol) at a fixed pressure of P =4
atm. Use the phase diagram provided to
answer the following questions (nofe: in
order to receive full marks, you must show
all of your work).
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Temperature (K)

(a) What is the boiling point (in K) of pure
Whatsium?

o l<e i
250K Liguib (e |
(b) A rigid vessel containing 12.5 kg of pure 0.0 0.2 0.4 0.6 0.8 1.0

Whatsium and 37.5 kg of Stuffium is I’VWQ_ . . €
maintained at 500 K. Calculate the Shufivm Mass Fraction of Whatsium [

degrees of freedom remaining at this point (show your work).

YN /’Z;L////) v [V//uﬁ/{/ﬂ/ =

250 ||

whatsium

256
12-5F #3718 £y

= 028 — t?ZZC)/‘Q‘/’c’

y it frecorn
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1n

(¢) You have been given a second rigid vessel that contdins 60 kg of Whatsium and 40 kg of
Stuffium at a temperature of 600 K. L 0.6 mgsd /fm fon  4/hatTidm

Frc-Pi2 = 7247 =2 = Mha Pl o of ot

(i) List all of the phases present under these conditions.
V Gpous

(i) The mixture is slowly cooled. Estimate the temperature (in K) at which at least one other
phase will appear. Specify the composition (in mass %) of any new phases that appear.

7 z[450 k| =2 lgmd o] hawe | 30 mass / Wi and (
[77 — D 70 mitd /. Jﬁ///;"'” 74,.7_3]

(iii) You now set the temperature of the mixture to 350 K. At this temperature, specify the
composition (as mass fractions) of each phase present at equilibrium.

LIRUID | 05" past fachon Lhadnon), o5 omsd flaihn §7 ‘%/ e

VAZOUR * 085 pges Jactn Whidsian, 005 71 faction SPuffiieo
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(d) A third vessel with a constant volume of 50 L contains 18 kg of Whatsium and 82 kg of Stuffium
at a constant temperature of 450 K

(i) Determine the specific volume (in m3/kg) of the mlxtule

l/ - !MM _ (5 L )( 1(,7(,70L ) ljx/a -4 /k l
Mix MYy ('j/ /y]’x}’u'( - ’gky + &2 k}

(ii) Calculate the mass (in kg) of liquid present at equilibrium.

7 ' 2
/&/)’I/”&J/fl‘c'ﬂ % 77/ x/é,,fé’ ) O N masd %”/l/’} /v/ty/?'/;//}’\
082 masd ,Lf/tm ST /;/t//”

B * &/
@ Xy=0-) Naixz 018 X =TT

Me . Kmx = Xv_ (m@)(”’?,f,') @

Mmix ¥i —Xv

(iiii) If the density of the liquid phase is 8 kg/L, determine the specific volume (in m*/kg) of the
vapour phase under these conditions.

- /0 L

l;/ﬂllim[ a(m///‘/f/ // %( //[)ﬁ//f/ = {/ﬁ £ %7 ’») - ( ﬂ@)/(f Yt )
velume w(’u‘«f'/// ﬁ/V W voagen = UL~ 0L = G0L D0 04m

Mass u/, V4 Ve ot = (00 Ky — §0 k5 = 204y
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- oy = n -
v Mals f veponr rein T




ENGG 201 (Fall 2017) — Midterm Exam 1 Page 6 of 12 ID No.: MWITRWCTOR JoLu7ion's

QUESTION 2 Contd.

(e) A fourth vessel contains a binary mixture with 55 mol% Whatsium, with the remainder being
Stuffium. The mixture is maintained at a temperature of 450 K.

(i) Determine the composition (in mass%) of the mixture.
Convigien 4% mel /. fo A
Wl b nef Jivin Y/ ﬁ/m%f;ff/ Vi
/ﬁ/l/{m( ol /i(WZf 0 /r(f)/ 6/’ w1 /Xﬁ///’/ .

i Jo AN ¢ ottt ‘/Z,/a/ :
(i

= ﬁﬁﬂm/’% tl//;//}/tvfm :(17._(’1 ')ﬂy(?,n[,/) - §{ e/

, o by s BT u/
et of St = (i 0-45) (ioomel) = 4C
» . s Am—,)‘. i - 2¢0 6 - ‘
s 5 i = (T PEo) 2% L
Ml Z J’f‘j/ﬁl-/m - (l,&' /m/'}//a(i)/o/mv/) = /J’(cﬁ
[maa 1. iohfivin = (55 %ty ) (o0 /. )= 647/
Ml /- :/ﬁ%/’c«/m = (wof — 647/) = 753

(ii) At equilibrium, determine the mass fraction of vapour in the container.

ﬁ/ M ﬁyn/mzi;{ /' /b;yz'f/%zm . Y vl M@
fave Vaprus

s /é?%f“ o vy =

(iv) If the volume of the container is 5 m?, determine the amount (in kmol) of Whatsium present
in the vessel for the overall density of the contents to be 2500 kg/m>.

NS in % v?{/./f:/ = (Qm‘x ) (2'7,4/1/‘)() = (Z‘SUC’ %r ) (S:’m";).f/ZJ”UuAj*

Mt o bifatnm i fe gewd = (0647 Jeseos, )= §087c 4
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T = 8 me
L5 K]




—_

ENGG 201 (Fall 2017) — Midterm Exam 1 Page 7 of 12 ID No.: jNJiriterl  Jolit7ien 4

QUESTION 3 (16 Marks) 1500 . 0 1500
(s (i
The phase diagram provided describes the 1403 L T,@ - 1400
solid-liquid behaviour of binary mixtures ’ o)
containing Component J and Component K at 1300 I k1300
a constant pressure of 1 atm. The molar mass Q 5G| () 7 Q
of Component J is 85 kg/kmol. The molar mass E," 1200 ’ / 1200 =
of Component K is 145 kg/kmol. § 1100 s U(iv]f)f /1 Lioo g
o | S Q
Use the phase diagram provided to answer the & 1000 . <b)— ’ 1000 &
following questions (note: in order to receive & ©2 o5)1v) N =
Sfull marks, you must show all of your work). 900 — o O I NN e
(a) Determine the melting point temperature S I 11 1 800
(in °C) of each pure component , ‘
purt 3 21300 °C 0.0 0.5 1.0
O pirt K Mol Fraction of J pure J
purt K —=2 457 °C e
(b) Determine the maximum solubility (in mol%) of K in J.
40 mel Z K mn T
¢) A mixture containing 20 mol% Component J is maintained at a temperature of 1000°C.
g p p
Determine the composition of each phase present at equilibrium.
fhete phase  loe —> S, 2 purt k' (1wom) k, ¢ml/f 7/

L = LUmef / ]/ 6(4"//1;//.’ K
j:-' ’—7 66) /’;’";'// j 7 L/(,v/ ,pu’// /<

(d) For the mixture described in part (¢) above, estimate the minimum temperature (in K) at which
it could only exist as a single phase.

looc — {/37‘2-/(,&”2

(e) Calculate the degrees of freedom remaining at the eutectic point. Show all your work.

F=C-P+2 = 2-2+2 = | — Aw/'/m//mz ////“/ /ﬁuét //J”j
Uy fheof c/(/ w //dt/zﬂ

///j WS / /L{//)n /(,f)l//d/y /

(f) A mixture contains an equal amount of Sz and L at 1200°C. Determine the ove1a11 composition
(in mol%) of the mixture.

aoctvlr
V44 / 7/ /{r xat)]” "t’m/ /7/// (v / /

o /m// (W’H/”/’//bf T
ZS/.’nu// (”mﬂ/ﬁﬂz’ﬂf k
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QUESTION 3 Contd.

(2) A mixture containing 3.9 kmol of Component J and 2.6 kmol of Component K is maintained
at a temperature of 1470°C. Answer the following questions:

(i) Determine the mol fraction of Component J in the mixture.

Mol Fraithen f/ J 5 $7 lwl - / 76
DY lore] 42657/

(i) If the mixture is slowly cooled, at what temperature (in °C) will another phase appear?
Determine the composition (in mol%) of that new phase.

oo C ; /’/,/,r/(" fL L,!,‘// (infon 40 mo’// (’27’27//’/4:’//‘/ j
/'(,’ me/ / (vpny c’i]/’/"fk

(iii) If the temperature is now rapidly dropped to a new temperature of 1100°C, determine the
mass (in kg) of Component J in each phase present at equilibrium.

© — @

X(,:V'SV Xmix =0 ¢ "2{;,-—”(’?

molél f/ /rgf/////'/ _ Xe = Xux

-

le/z,/ moled X,[__ XL

08-0

vy

mals o /kﬂ//t’/ ‘
meles '% Yo = ¢Skl - 4350 kni) = 2. (7 Kme [

A]Wz'//// o/ z‘pm/mm/’ I

/1 /Ii’p//l'{

/?777[’ il ¢ Cmpw ) » _ |
Un é:‘_ pone = [vz. /7k?7‘u/)/g7.‘f); # 72,(//m/

= (4.11(,”&/)(;”) = 207 b/

(71

M4l ‘% (;"711/’6’//{/#% J s //f///f/: (7'/7[7""'/) (ﬂ"lk]//(”"’// d /‘574'/7’1/7
muts of component T 12 So = (173 finel ) (355 feme) ) = 147, 321
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(iv) While maintaining a constant temperature of 1100°C, the liquid is removed from the
vessel and put in another container. This liquid is then rapidly cooled to 950°C. Determine

the molar ratio of the two phases present at equilibrium. -
we P O \‘"~0),,
X!- “')/rrlix X,(,':U Xﬂln{*‘&
- Eavlli)
Mles :/ mix e, - ¥,
IIH‘;IFJ Y, J‘ )(mnt - X¢, :
¢ ) - j_\ f— L\r,v' /1)
meléd !/ MIx —
thodusg¢2nl 6) 8y éanit) i A S S S S [0 ¢
/nu’l(?/ ‘;//J; o )(.y\:x = X\] ; - 3 -0 :

°C
(h) 42.5 kg of pure Component J is placed in a large empty vessel and heated to 1350 K. Liquid
Component K is now slowly added to the vessel isothermally. Determine the amount (in kmol)

of Component K that will need to be added to the vessel until a solid phase appears.

//’/ﬁ‘/ li/"ﬂ/‘!mf;‘/ [;-ﬂ},/’;ﬂiﬂ/ \T: \/lz"r‘/ k)%//ﬁ/lmo/} = & - k””’/
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QUESTION 4 (15 Marks)

Ambient air is not used to pressurize airplane tires as it is susceptible to leaking, contains oxygen
(Mo2 = 32 g/mol) which is corrosive, and contains water vapour which can condense. Instead,
airlines use pure, dry nitrogen (Mn2= 28 g/mol) for this application. Airplane tires have an internal
volume of 0.4 m?and are pressurized with Nato 170 psi at 20°C. Airlines purchase large quantities
of pressurized N gas in rigid cylinders. Each cylinder has a height of 60 inches and an inner
diameter of 12 inches (note that 1 inch = 2.5 cm). The initial pressure in a new N2 gas cylinder is
3378 psi at 20°C. Answer the following questions assuming ideal gas behaviour in all cases:

(a) Determine the volume (in m?) of a single gas cylinder.
¥

2 C
')/’ = // L/ = // (,Z inl.li(J) (ZC//[/V'I /i,,[l,) (l(:'(»(' ) U /6“[ /'7

(b) What is the total mass (in kg) of nitrogen in a new nitrogen gas cylinder?

21325 Fa
/[)1, - nkT —2 N = y;«:-—- /jj /J )[lbléf o )(/ L/[,//
" (b 514 /“ ZiX ) (2‘71 ISK)

,;n,

- (01238 mol

Myt J / N yér (/o// 2 st //kmcln /)//J j%,w/) Z)”J?k//

ln & (///://{‘ 1000 7

alf. e 19 /t//lvut(
(¢) Assuming that each tire is evacuated | prior to being filled, determine the maximum number of

tires that can be completely filled using only one tank of nitrogen?
f. y 2 (i 7l-’ /"
malés neciteel o & = (/ 7l )(’ (o7 >ﬂ/ om’)

7/ ¢ /7// ‘ - ;ﬂ//
Y : /{’7/4 /‘,//21 )/2‘/7 W)

/?2 44 //"7::/

/%.UHI///{/ 44/ //K /////75/) ] // 0 /3. 3’5‘“ ‘/uu //‘&;‘/‘MJQ .
Cobder 10 urd = — — = 27 hew
] (92 44 /wiu)/’-_,:L" 5 7 ﬁ ‘ /[j///';/t}’.

: Zs"/ﬁrz:/ Can be Complitely ///‘”/j
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(d) A new aircraft maintenance technician forgot to evacuate the air from one new tire before it
was pressurized with N2, leading to the presence of some Oz in the tire. Initially, the tire
contained 21% O2 and 79% N2 by volume at 20°C and 14.7 psi. Then, pure nitrogen was
injected until the pressure reached 170 psi at 20°C.

(i) Determine the initial composition (in mole %) of gas in the tire. s s y
Sinw flr bt //5’1-///7//// //u’ v olin lut/’l-///’” &/ // JSar7¥ S // a Ceryaiin

- (Lf/,wégf/ﬁ'rm S 21 me /7 7,
79 mel ). Ve
(ii) Determine the partial pressure (in psi) of oxygen in the tire before nitrogen is injected.

= P (0 1/) (2‘/'47/J// =[3-0% 4/ |

(iii) Determine the final composition (in mole %) of the mixture in the tire.

; / 10134 74
lohl aitieia f ot S // el iy ﬁ/w/ (o4’ ’”/éf'é'hi/c’/
in e fe ﬂ/ g 714 Vo’ b ) (2‘/ WK )

fudiad - aptount ;/ O = (p-21 ) (164 /m//) = 4
/9 /4[:// /{///C’p/n/"% N, - /07 ((.) //'6 bl e // 4 /173 /li'j"mo‘/

Forad Grrount ”/ gl i 4 fre = 19244 me/ //; i wr/ (c) )
ﬂq‘ﬁ'dﬂnf 574 e a[/ﬂé///?’/’f/ = (9244 el - //7'(‘;4/"*/ = /75'-'57’”"/

< - /Ily 7 v
(13068 mol +3- 688 mol ¢ m furre)

mef )0, = ,.W/ -9/ = //'f’”‘:/ /. 4}

(iv) What is the partial pressure (in psi) of oxygen in the tire after nitrogen has been injected?

-/)(,7/(’ //u (M////rv’(

/ /) ([/ [//j’) (/7 ”ﬁJ, ):{ _)7[’] ‘;/’JL] SVl g o/ /Zl Gind bt
ﬁ'm /m/'[/(’/) '

(v) Determine the average molar mass (in kg/kmol) of the mixture in the pressurized tire.

/-}7: ij M. - yﬁ/lMNL Yo, Mﬂ; - (67-f’fﬁ)[Zd’l}/ﬁnb/>{’(ﬁ‘é7/zj)/?zl’//)
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