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ENGG 201- Behaviour of Liquids, Gases and Solids 

December 13, 2014 Time Allowed: 180 minutes. 

1. Attempt all six (6) questions. Marks are noted in the left page margin. Total marks = 100. 
2. Only Schulich sanctioned calculators are permitted. Notes and textbooks are not allowed. 
3. A separate handout listing fm:mulas, charts and data is provided. 
4. You must show all of your work and specify units in order to obtain full marks. 
5. 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. 

Surname:_~'-'--'-W ______ _ Given Name(s): Uw\1'5) 0WNl\li: Section* L\',L 

*LOl (Dr. Sen) ; L02 (Dr. Moore) 

STUDENT IDENTIFICATION: Each candidate must sign the Seating List confirming presence at the examination. All 
candidates for final examinat ions are required to place their University of Calgary student l.D. cards on their desks fo r the duration 
of the examination. Students writing mid·tenn tests can also be asked to provide identity proof. Students \\~thout an I.D. card who 
can produce an acceptable alternative l.D. e.g. one with a printed name and photograph, are aJlowed to write the examination. A 
student without acceptable I.D. will be tequircd to complete an Identification Form. The form indicates th at t11ere is no guarantee that 
the examination paper wi ll be graded if any discrepancies in identification are discovered afier verification wilh the student's file . A 
Student who refu ses to produce identification or who refuses to complete and sign the Identification Form is not permitted to 
write the examination. 

EXAMINATION RULES 

(I ) Students late in arriving wili not nonnally be adm itted after one-half hour of the examination time has passed . 

(2) No candidate will be pem1ittcd to leave the examination room until one-half hour has elapsed after the opening of the 

examination, nor during the last 15 minutes of the examination . All candidates remaining during the last 15 minutes of the 

exam ination period must remain at their desks until their papers have been co llected by an invigilator. 

(3) All inquiries and requests must be add ressed to supervisors only. 

(4) Candid:1tcs arc strictly cautioned against: 

(a) speaking to other candid ates or com municating wi th tl1em under any circum stances whatsoe\'er; 

(b) bringing into the examination room any textbook, notebook or memoranda not authoriz.ed by the examiner; 

(c) making use of calculators and/or portable computing machines not authorized by the instructor; 

(d) leavi ng answer papers exposed to view; 

(e) attempting to read other student's examination papers. 

The penalty for ' 'iolation of these rules is suspension or ClJlu lsioo or such other penalty as ma)' be determin ed. 
(5) Candidates arc requested to write on both sides of the page, unless the examiner has as ked that the !en hand 

page be reserved for rough drafis or calculations. 

(6) Discarded matter is to be struck out and not rem°'•ed by mutilation of the examination ::mswer book. 

(7) Candid:1.tes arc cautioned against writing in their answer book any matter extraneous to the actual answering of the question 

set. 

(8) The candidate is to write his/her name on each answer book as directed and is to number each book. 

(9) A candidate must report to a supen·isor before leaving the examination room. 
(I 0) Answer books must be handed to the supervisor-in-charge promptly when the signal is given. Failure to comply with 

this regulation will be cause for rejection of 3n answer paper. 

(1 1) If during the course of an examinatio n a student becomes ill or receives word of domestic amiction , the student should report 

at once to the supen•isor, hand in the unfinished paper and request that it be cancelled. If physical and/or emotional ill health 

is the cause, the student must report at once to a physician/Counsellor so that subsequent application for a deferred examination 

is supported by a completed Physician/Counsellor Statement fonn. Students can consult professionals at University Health 

Services or University Counselling Services during nomtal working hours or consu lt their physician/ Cou1isellor in the 

community. 

Should a student write an examination, hand in the paper for marking, a nd later report extenuatin g circumstances to 

support a request for cancellation of the 1rnper and for :mother examination, such a request will be denied. 
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QUESTION I (18 marks) 

Isoamyl acetate (IAA) is a chemical that is used in the food 
industry to provide the scent of bananas, and is called banana 
oil. IAA has M=l 30.19 kg/kmol and Tc = 586.1 K. When 
IAA is mixed with ethanol, the resulting mixture smells like 
pears, and is called pear oil. Ethanol has M=46.07 kg/kmol 
and Tc = 514 K. You carry out some experiments on a 
mixture of IAA and ethanol, and obtain the liq~~r 
phase diagram to the right at a constant pressure 0f~ 

(a) On the diagram, label all the regions and curves = --==----
(b) What is the normal boiling point (in °C) of pure IAA? 

150 

fc.!O . 

130 

G' 
0 

-; 110 ... 
:::l 

'E 
QJ 

a. 90 E 
~ 

l;J· 

z 

[lj\c(; 

o.s d 6 ' O,f 
Mol Fraction of Ethanol 

-:--

( c) You are in a region of the graph that contains 40 mo!% ethanol at 90°C. Calculate the degrees 
of freedom remaining in this region. 

r~ c-r)\~ /~ ~4~ fW1~W0 I 
a-~ 2-1 ~CD '\___, 
J -

(d) You mix togeth@r~ ,0,_,08 kg;~ with 27.64 kg of ethanol in a sealed con~·e{ at a 
temperature 45°C The vessel is then heated to a final equilibrium temperature o~ and 
pressure of 10 . kPa. 

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

5'2 .()~ K'!\ v bo/\ -- .40CJ ~vvnl \~~ 
(j 13() < \C\ t~ 

1:i- tJ.\ tio -1- kw~ ~ (). M(J lwietl t\l\uvic& 
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Iota)_ t MolQ,: I .oG hvtal 
L~v iv 
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QUESTION I (Contd.) 

(ii) Determine the~ (in kg) @ each phase present under these conditions. 

L\C\\l\& -; 0- 2L'?__ tMoJl ~ n dt 
-\, ~ . 'Lli:"lolWcic tl\l.ew-Jjlo 227.} ,.,,<MJ. ~ o .ci ri;t b"" al( Cl'\ o. 

lll·TS:°W1at{Vo.d1fA lf\1\)(0.CZ.t~\= ~- lbbl lM 
o .\66~ t1<1.o.) "' i:,o l 'lb(; ~ \ '2..1. €i\S6 _ t& 1a1u& t\ IM_ 

l\N\a,l --- \ 
\JQ~v: ((J -=t=ftfi- t\Mc~ v ~ ,3 VV\O\ {yQcf\-- r t1tfi} -: _ l L lV\tt 

Q. '1~<.\ kw.iA ' ~-I'\ l / ~ 3:-i ' '3,~b lq~ ~ ~o.ft!J.f IS lM 
h~ctl 6 - . . 

2 
(e) How many moles of ethanol need to be added to the mixture in ~breach the azeotrope 

composition? -

r G. l\~C)tMJ_ 
G,l. -: . 

l. \) l\M-cJ_ -\: <X_ 

0,2_-f O.(_X - O-LtlV\11£ 

cy_ "L ~ 

_ . l tWlc& rR 0~nVlJ_ ~ ~o 

ix ·e iQ is isobarically ~cLin..a_v.ar@ble volume container to a temperature of 

6.09.3 K ~.Cle_, , . . . 
(1)_____..,-Determme the pait1al pressure (m k.Pa) oflAA under these cond1ttons 

( IO\ . ?,L\ rf ll )( o . ~ mdllu-t'vach ·D"'-I I fl}.~ 

) ~ lt().$3~ v 
Use the other side of this page if you run 0111 of space. 
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(iii) Determine the rate of collisions per unit . area (Note: use Mavg if the molar mass is 
required). 

- ~~ , ~ ~ Mw~, (CJ JV \ISO \q~«l) 1- ( D .{i x % o=t~) 

. ~ !; 11t ~B f~it\JZ 
Q, ' \it ~ '(<&) ( 'C ~t·'Pi;j /c)(bOC\. '> K) , /fff2 . C 8\ WI / S 

11\tv\ . ~ ~c a .c:rt-C{.:'.f-\~) J 

(tJ• -~ '· _'.._ID 13~10.... ,/,, LI_ I ! ) . 

llT (J StbC K(tf''~/l0){6dq :slj 

~tv' \ 20Q Q )({ ~ Z( Vllkcuk\(. 

~ ~lO%x:ro'"~d~ J( ~- ~6r m/~) (/ 

r " I 21 14 s xi al, 't co lltslot.S { f'V\.Y • I 

Use the other side of this page if you run out of space. 
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QUESTION II (15 marks) (,~ j . 
PART A: A@, calcium (M ~0.08 kg/kmol) is known to exist in ~·ucture for which 
the closest interatomic distance is 3.94 A. ~

1 

Page 5of19 

-() 

. CT"'3.~c..\ t\ 
(a) Calculate the density (in kg/m3

) of a crystal of calcium. 

2 

(b) If a crystal of calcium occupies a volum~stimate the Qlt_mber o~~toms 
in that crystal. - ·~ 

3 I x[ ~-!a vw !. 

l 
./ 

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 vQ.!__d 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. 

(c) Determine the number of beads that can fit in the container. 

\Xl J ~ \~ cQL\,\._ \ -IG 

~ l ~o~\All\Q; c& ~~ ~ :: c~X'(a-(1 0 ~ I , l~ x(~ vv}~ 
Ck~d_ S \ li\VU} ~ ~oldJ \ oll/v\J { widJQGlAL. 

c~ ,<{S:- LMJ x(() g~®~ X (0.jQ w) 
1 

- ~. 02\)l't W\~ 
l. (_ 1 X( D-~G Mrs, "" Ml ( f b'Z ()(J\J ()\JC\ ~&s. \ 

\,./ 

/ ....--------"'\\ 

(d) Calculate t~~- -·-~kg~ of the glass bead pack in the container if the density of each 
glass bead i'S\4§501Cg{m3

. . 
/ 

Use the other side of this page if you run out of~pace. 
-.... _ 
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QUESTION II (Contd.) 

2 
(e) . Determine the void fraction of the glass bead pack. 

~~ \.l,~ dQ-'0~ - ( iir (_f\\lkJ [Sx(('.)4 
W\ 'J') 

---

(f) Oil with a density o 0 kg/m3' ·s injected into the container until the void space between the 
packed beads is totally fille . Calculate the mass of oil (in kg) that can fit in the container. 

2 lo , q~ 11 s- x( D -l ci vo1" X_ '/;()\J ~) " ~ 1M:D I x (()-( [Q fGr Li~t o.U. 

~ lbG ()\J\j CJ\JO u~~H~ C2tlsv' 

( ib1 oo\J GOO")( Y 1{J%f xi D-'l k~) 

\ ~h9 r~ J o; ~Vl. -rrt-L:Y 
--------- ·-·---·-·----- -- -- -- --- .. ---·-·- ·- -·-·-- --- ----------

----- -------·-···------------------
------~- -

-------------· 
-------------~---· ____ ... -----·------ ... --

__ ,_.,,--"'" --·· 
. .-------

.,.. ___ _../ 

·· .... : ............ -·· 

···~--

......... , ... -.....__ __ 

........... _"-......... 

---------,~ 

-~ 

' Use the other side of this page ify?ni-run out of space. 
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QUESTION III (18 marks) 

Molecules of octane (CsH1s) 
and nonane (C9H20) are similar 
in size and shape. These two 
substances are completely 
miscible. 

Page 8of1 9 

Parameter 
Molar Mass 

Cp 
L 

Normal Boiling Point 
Vapour Pressure at 415 K 

~Hv 

Octane Nonane 
114.23 kg/kmol 128.26 kg/kmol 

262.2 J/mol ·K 322.2 J/mol · K 

3~ 
(155.7-9~KPa 76.235 kPa 
39,400 J/mol 46,500 J/mol 

(a) Develop a con-elation for nonane in the form ln(Pv) = - AJT + B where A and Bare constants. 

-f\ ~ . - ~J\v -R 

~[Pv)= -~ +C 
l 

\\0 
'(---

1 CJ --s 

J_ 

k ( =i~ nrlfc\j - - ~rqz .9 -i c 
4lrlc 

1

~lPv )~ -\:rq2,9 +H 61 
if 

w~ Pv ll IV\ Kf0- Q\\~ Tl~ 1"' .\<dVtV\ 

-

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. 

2 ~\\l\~\Q~!cfc)L s~ \1-.<S\ 
I 

. 2.5 

1.5 

3 

,,\ ~ 413 . C\~ ~d/ 
( c) 20 mol of nonane is mixed with 80 mol of octane in a rigid, sealed vessel , and the mixture is 

ailowed to come to equilibrium at a final temperature of 415 Kand pressure of 135.9 kPa. 
Under these equilibrium conditions, a vapour and liquid co-exist within the vessel.~ 

(ii) Determine the composition (in mo! fraction) of the vapour phase at equilibrium 

~ ~~cJJ fvadi '- OG tuVlQJ 
G~i MG~ -\'YQtt[C"- Y\0\1\0VUV 

(iii) Determine the-amo.un.t (in mol) of liquid in the vessel at equilibrium. 

0 .&~qq- - CJ ,k 

l ~ .~rg:i- - a , 1-t) 

v 

~'Z-l 1 _ . ) ( ltC rnai) 

\" :J-1. 42:11[;1) J it10-tcl, 1 --

Y\ OV\OJ1L.1V 

Use the other side of this page if you run out of;pace. 
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ESTION III (Contd.) J ff. o.~cl -:: -~ fY.._ort . 
(d) f 10 mo! of liquid octane @ s mixed with 10 mo! of liquid nonane ~etermine 

3 -IT\::11:~;~\=~~:~;;:"~f'c(1owlO ~c 0[fft~K'X 1c-%
0

c) 
- ( 0>1\lr\1; - s-Dl.44~ =r 32221'i - r21: ~80 

3 

S14~~i~~ t:?, (~ \. ·~lli---~-8~---

\i ~ ~\lDiC\ -. _i
0 V\ .· /r·1 

-.. \k, -\tw&, Q~l)jli,~ ~tv-v 

(\~\-.cw\·~ ] 

(e) You ~ave -- ~ssel t?at can be heated at a constant ra~You plac~l 
pure hqu d octane 1 to this vessel at a starting temperature ~\Vfiat is the minimum me · 

0
,'equired (in · o <Qmpletely vaporize the octane? ~ Mf WLrJ.i boil I Vt_} £bLve\i-

Cl·f)~\:D ~ '2.tM.uQ, c~ H1~ Rq3 .1~ K . - l\S -
s. 

( ~(j)C) ~\) (_ 'lt'2 ii I rpP\ BX:3q & 1;1 k: - lK I~ i) + ~\J$:J f'{ID. \)( 3q 4. rSJ ~L 
- 554 \) 34g ~~ ?;\)() ()CJ\) ~ ' 

· \3l\ 'l\~ 3'it -:S hJff:iO ~() 
'- b::r la .Gb1q s 

\\t . 1 ,~ 
~ 

Use the other side of this page if you n m out of space. 
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QUESTION IV (18 marks) 

~\Three pure gases are combined in a laboratory to test the effectiveness of this mixture as a miscible 
-;:: \ olvent for an enhanced oil recovery project. Because of the hazardous properties of one of the 

omponents (H2S), 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. 

3 

Properties of the three gases are provided in the following table. 

Compound 
M Tc Pc a b 

(kg/kmol) (K) (kPa) (kPa(m3/kmol)2) (m3/kmol) 

Methane 16 190.6 4600 228.0 0.0428 

Carbon Dioxide 44 304.2 7376 364.8 0.0428 

Hydrogen Sulfide 34 373.2 8940 4-\q. 

(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 CH4, 23 
grams ofC02 and 16 ~ms ofH2S. The cell is then maintained at an equilibrium temperature 
of20°C. 

(•) Rb~;:i:• ~~r:si;i:;~~ mixrure i~le ~~·~ ~~ ~ 
lb.()~ . 

~(SJ L ,. rv10.l _ D rn =t v>c~ --"'> l\l. a ~ f1YGMt CC\ 
44 ~ 

Mo.2: -:o 6 . 4-1\) ~ MJ_, 
~f4 s 

(ii) 

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

(iii) Determine the van der Waals constants ~ (in kPa · (~)
2

) arid b (in m
3 

) for the 
kmol kmol 

4 Q\_;;, o. "'~~ rc'P:c"- "~ 31'1 kfl.,~\S(s:rs .?- Y-)'- {-F~ .,~t;q ~ 
I t~4~~~ 

b Rlr ~'> G .\Jiff,) iW f b\\ol 1 \ 

o.. {l (J. \:,(.. x.fi? ( (), .~~ J'k~) -Y(D . i. "~16tt. t Vxo. (/I ~n O J t 

( 'J. 1 ~" { q 3(}!-truc~ru~ 1'-
\ °'"' .Q€;C\ {, 14 tfo.. t P>l~ t -

b " ( ~ ,t,(. )(1\j' l©47.&) "'" ~-10 '/. (). D 1.J.l k') + ( 0 .\ g: )< 0 . 04'3.S) 

b:: D olfi& q vvlf kwuJ_ 

4 (iv) The fixed volume cell containing the gas mixture is placed in ~tant temperature 
oven and heated until the pressure within the cell reaches '.(000 kPa., Estimate the 
temperature (in °C) in the cell at this high pressure. ~ 

\/' ~ L v IW1' ~. ~ xlo-s ""'"' 
IODOL 

;z -Gl&-'l )(l ~-'3, tVVLJ_ 

\JIM~ l g ~q M) 

b~cJ 

~ (r+~~Jc v"' - b) '° l V? 

(~ (ltilWl K~ -\ ?J;q b1-'l kl<\ ~~J.:.)),;,3~iJb~:~ . ()l\1&9~\ 
\. I ct 6t\ wt'/~\ t t~ 

0- ? If J k::fc._- W15. 
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QUESTION IV (Contd.) 

(b) ~s of gas mixture from the fi xed 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 psettd~tical method (Kay's rule) with the 
generalized compressibility chart, estimate the volume ~in litres) occupied by the gas mixture. 

3G~ >c mot ' ' I, ;CK 'mctl ·.,__./ 
24.&q ~·, 

TK,, ( \).\i'Lv \C\\l , 6 IC.) + ( 6 .1(),, sot+ i.K.) + (o. lK Y ~ -C.lc) 

.:: t2 46 . I~& K_ . 

rK, ,_ ( 6 .Gi x 4Ui\J kfaj + ( o .L\J x l~=tb lcfaJ ti 6 IK x &'C\cJ b \:PC\) 

to o,1<:V 

~--~ 
y-. (() .ls8) (G ~DI l c.5$ltviJ)( &, S[q) (31R · [1 k) 

I~ s CJO tP°"-

Use the other side of this page if you run out of space. 
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QUESTION V (14 marks) 

A company discovers an oil reservoir located below the floor of 
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 
below the sea floor. "The 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 7 mm, and a roughness corresponding to 
commerc1 steel pip . After drilling, a blowout occurs, and all of 
the flowin raently escapes from the drill pipe into the sea 
water. 

You are given the following data: 

Density of sea water: 1020 kg/m3 

Atmospheric pressure: 101.325 kPa 
Density of oil: 850 kg/m3 

Acceleration due to gravity: 9.81 m/s2 

Viscosity of the oil: 0.16 mPa·s 

Use the information provided to answer the questions below 
(Note: if you ever need to iterate, start with [ = 0. 0047, and 
p erform a maximum of 2 iterations). 

~ I 5. 

JD No. (CJ( CfbS ~~ 

Space to draw a figure if needed 
(no marks associated with this) 

Tts-CJ~ 

(b) The oil pressure at the exit of the drill pipe is ~greater than the water pressu~e at the 
sea floor. Calculate the pressure drop (in MPa) in the drill pipe between the reservoir and the 
exit. 

~ .4C\ µp°' + \s- . ~ \) q ~ ( Kr(\ -, 1b. MP°' 
tP ,, 6~ld: -\V\LP-t 

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

(c) Estimate the average velocity (in mis) of the Q owing in the drill pipe. 

fu • ~ o) (() .Cll-\'\).11.)(ll;\())(t~) 
~ l(J.\~ Yl~ -~~(A·) 

\ ~ ~ 31l %~ \A_ 

\\&\.\~)\\~Jb~~ ~ -Ror-J \. 

-t~ 'I~~~ t\, ~~glAY ~.~ ~~" ,e 
-f ~~~ \)\J c;;Jci Pt1. -I ~k~ \w>~) ( ~ ~\ \W X % \CJ ""'j , .:z_ ~ G. L c~ ei \: I"""') 

4_\)~\)~ - (lt~~\JMJ . 0. (ftGJ 
' , 

~o 11 [D ' ~ 1-~ l • [1.n~ x( D_-,, \r1f-7.) ( (\.~bq \IV\( 1) __./ 0 , r 
°' {s %4~ xrD-?, 0hJL ~~j( ~) 

& -:;- ~l) _ .· · ~ &_ Use theothersideofthispageifyou nm outofspace. 
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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. 

Trial 

1 
2 

(i) In 20 words or less, explain why this oil is not a Newtonian fluid. 

shear rate 
(s-1) 

25 
60 

eol:to ~ s\.lw' rik'."" ~~ ~ ~ _-iLe_ff s~~ OJ-0}J 

V)\lt C:OAs\uv.f \;efv, W)s · 

shear 
stress (Pa) 

50 
100 

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

~1> ~K_~ ~~L~) 
k(~C/J)-: ~ K ~1~ (GO . 

~ ~(~6) ~ fuKtw~(;z~) 

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.raQf are made of a three layer composite structure. 
The inner layer is 1 cm thick drywall (K ~ 0.18 W/m·K), the middle layer is 3 cm thick mineral~

4 wool (0.03 W/m·K) ~d the outer layer is 1 cn3Jhick-pinef lywood (K - .15. h-r:.Kl One o:the ' 1 

8 rp x ~ m walls contains a maple wood (K~~ 0...1.1._ 'Y!m_!<--1 garage doo - 7., m x 3.~ with a f~ _, .: 
thickness o~n. The garage must maintain a constanctemperatu 0°C sing an electrical - "'-.._· 
heater. On a particularly cold day, the air temperature outside is -45°C. Using the information \J~--
provided, answer the following questions: i [O 

(a) Calculate the area (in m2
) of: 

(i) The roof 

&!v'x(bwJ ~ ~~ W\ z 

(ii) The garage door 

(;( ~h: l~~p:itl (411:@)-t l~ lj ~&) - c ~ \ ~ '-) 
~ 

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

~ (mwi'-)(--4\;:"1:, - 2()"G) _ 5?JJ M-K 

-G.G\wv - -t 
G. \~ ~ 

~\c 

t G~W' 
Q,\\ w -Mll 

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

(c) Calculate the total rate of heat loss (in kW) through the walls and the garage door. 
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f:,:b.9J-llW' J ~ 

· (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 ~ 
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QUESTION VI (Contd.) 

(e) Snow (K = 0.3 W/m-K) 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%. 

l ~'21 a~-(OJJ<::x (J.os) 
~ $lq.q6 

~ 1,6n-¥t --rKX -= \. 4t;St 
'(VI ~ ,3, 

TCJ\ai~ ~r&-" ao ,~12ruu 
' -11 .1-Tl,tlD 

.s_rqor 
-(~W\'1._-4\\Jc__- ~\}cGJ I ~ \ 
-----.:---- :: 3 I ~4~~ \l VJ 
~ ).2(,l, ~ -Y ~Y. 

N{\l -
C»~ 

~rx ":; 6 .0140 wJ 

\ :. 9-CMN = \\ 
G 

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