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FINAL EXAMINATION 
(Fall, 2007) 

ENGG 201 - Behaviour of Liquids, Gases and Solids 

\ \ \)~ L 

December 13, 2007 Time Allowed: 180 minutes. 

1. Attempt all six (6) questions. Marks are noted in the left page margin. Total marks== 100. 
2. Only sanctioned calculators are permitted. Notes and textbooks are not allowed. 
3. A separate handout listing formulas and charts 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. 

I Surname~ Given Name(s): _sec1iou·~1 
*L01 (Dr. Sen); L02 (Dr. Javadpour); LOJ (Dr. Abedi). 

STUDENT IDENT!F!CA T!ON 
Each candida1c rm.H I sign the Se:uing Lisi confirming presence JI the c:xaminalK>n All cand.ida1es for final examtna1ions 31c required to place their University of Calglr')' student I. D. cards on 

their desks for the dur;mon of 1hc eumin:ulon (S11.1dcnt s wriling mid·tCrm tests tan also be ilSkcd h) pro-vidc idemi1y proof) Students without an l.D -card who can produce an •«'cptabk 

altcrna1i-ve l.D e.g. one with a printed name and pho1ograph. arc anowed 10 wrnc 1hc examina1ioo. 

A student wi1hou1 .:icccptJbk l.D. will be required 10 complete an Idemificauon Form. The form indfC31es 1ha1 

1hc:re is no guar:in1ce 1h~u the ex<lmina1ion p:ipcr wiH be graded if 3.ny discrcp;:mcies in idcn1irica1K>n are disco-vcred 

ilftcr vcrific.alion with the s1udcm's file . A Studrm who rdows to produce identification or who rcfu~ts to 

complcti: and sign lht ldtn1Ukatlon Fot'm is nor pennined to •rite tht uaminn.tlon. 

EXAMINATION RULES 

(I) Students late in illTi-ving will not normally br: admitted after ont"-hoJlf hour of 1hc examination timr: has passed 

(2) No candidate wit! be permi11ed 10 J~ve the cx3min:nion room unlil one-half hour has elapsed .afier 1hc 

opening of tht: examinatw>n, nor during 1hc las1 15 minu1es of 1hc C:Jtamiruuaon. All candidates remaining 

during 1he las1 IS minu1cs of1he exa.m1naiion period muSt remain at their desks until thtir papers have been 

.:ollectcd by .an in-vigilator 

(3) All 1nq1.uries :md 1eques1s must be addressed 10 supervisors only. 

(4) Candidates arc strictly cauOonect agatnsr: 

(a) speaking 10 oaher candicbrcs or commumC3'ing wi1h them under any circumst.'.loces whatsoever. (b) bringing 

into the examin::.11on room any 1cxtbook. notebook or mcmor.:indal 001 au1hori2cd by 1he examiner; 

le) making use or calculat()r) :mdlor pon3.blc compu.1ing machines not ju1horized by 1he insiructor: (d) leaving 

;ir1swer p::i.pers exposed co -view. 

(t) a11emp11ng to rc:Jd 01hcr s1udcm':s e11:amina1ion papers. 

Ttte penal1y for violltlon of 1hese rules is suspension or txpulsion or such 01her pen.lhy .lS rNy. bt 

dc:tcnnincd 

(5) Candidates arc: reques1cd to write on bo1h sides of 1he p:i.gc. unleil lhe cx3mmer h3s asked 1b~1 the left h:md 

p:Jge be reserved for rough dn.fts or calcul:irions. 

(6) Oiscard<'d nuttcr 1s 10 be struck ou1 and no1 removed by rruuil111 ion ofche ex:imin.arion answet book. 

(7) Candid::i.1cs :>re c..tutK>m:d ag3ins1 wn1ing in 1tteir :mswcr bJol any ma!fer c:x1rancous 10 1hc ac1U;ll :inswenng 

of the qumion set. 

(8) The candidate is to write hislhcrnamc on each answer book as directed and is 10 number CJCh book. 

(9) A candidate must repon 10 a supervisor before leavtni; 1hc: c-xammation room 

( 10) Answer books rnus1 be handed to die supcrvisor-in-ch;1rgc promplly when !he signal 1s given. Failure 10 

comply wrth this regulation will be c:i:usc for rejection of .1n answer paper. 

{ 11) If during 1he ~ourse of ;in ex.amin:itK>n :i student becomes ill or rccejvt'S word of dcunestic ::nTiic1Mln. the 

s1udent should report JI once: co che super1.1isor. hand in rhe unfinished paper Jnd requ~1 1h.'.l1 ir be CJncelled. 

Ji physicJl and/or c::m.1c_ional ill hea/1h is 1he cause. tile s1ud1..-n1 must repoJ1 al once 10 a pnysici:ullcounsellor 

so tha1 subsequcn1 ;1pplication for a defcrrcd examin:i1t0n is su~.,oncd by a completed Phys1cian/Counsdlor 

S131cmen1 form S1uden1s CJn consuh professron.'lls ;;1 Universily He311h Services or uni"crsity Counsclhng 

Services during normal wllrking hours or consult 1he1t physiciantcounsc:Uor in the community. 

Should 11 srndtnt wrltt an enmlnntion, hand In tht poper for marlJng. and later ~on extenuating 

circums!:\nces 10 suppon ::. request for conceUation of tbc paper and for 11notber e.1::.naioation. such o 

request " ·ill be denied. 

Question Maximum Mark 

No. Mark Obtained 

QI 16 ICiJ 
QI 20 IOIJ 
01 16 II tt·(-1 
01 16 I~ 
QI 16 IOU 
01 16 l[TI 
DI ID 
I II II I 
I II II I 
I II II I 
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Question I (16 marks) 

The following infonnation is provided for a binary system comprised of substance A (MA= 50 
kg/kmol) and substance B (Ms= 90 kg/kmol) at a pressure of 1 atm: 

:._____M_dting-point-o.fpure-·~ .. 1s·1·nu-K 
-~ .. --Met+flg-peffit-ef-pnre·fhs-·B S-O'K-· 

At 500 K the solubilities are approximately 5 mass% A in Band 1 mass % Bin A. 
- · Maximum solubility of A in B is I 0 mass % 

Maximum solubility of B in A is 5 mass % 
- __ Ther.e is a eutectic at l 050 K with 30 mass % B 

· (a) Using the infonnation provided, sketch a temperature-c.omposition (T-x) phase diagram. 
Label all phase regions using the notation S 1, S2, and L. 
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Question I (Contd.) ~ 

(b) A l 00 kg rnixtµre containing 60 mass % B is held at a temperature of 9~. 

~ /,y/ 
2 ; ·1,. ;I . / i'Ji.>A ;,....'i 1 

·7·.- ~·"'t; 

,_..--- --ZI!. 
':::;JI 

..::: 

(i) List all the phases present at equilibrium. 
·-~ ..... -,,-· 

:SD\ id l o_,·,c __ ,:::;.1~0 J..L. 

(ii) What is the mass of each phase present? 
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(iii) State the composition of the Si phase as ,atfiof fr;cti;;;) . 
~ ·~·-----· 
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Question I (Contd.) 

(d) The mixture described in part (c) is heated to 1400 K. Substance A is then added until the I 
mass composition of the mixture is 85% A Calculate the mass of A added. I 

0 (:, i~ 

0 J '-\ ('1 
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··-· --_ ..... ....-

. 
i 
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(e) The mixture in part (d) is now cooled until the first solid appears. Determine the 

Composition Of this SO}id. 0 o -=) \(\·"',f;C ... ~--:, __ \[r~ ~.,..-.j- ,. '"' "'\ ./ r) "\ -J:(' , _.I , ._ • .,,____ I • .- - , < ,,- ~ \...... ·\.::;::. ,) 

(0 Determine (show all work) the number of degrees of freedom at the eutectic point. 
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Question II (20 marks) 

There are two rigid tanks in a gas plant. Tank l contains 3200 kg of gas A and 88.00 kg of gas B 
at 296.9 Kand 1976 kPa. You have been given the following infonnation about gases A and B: 

Component 
Molar Mass Tc Pc 

(kg/kmol) (K) (atm) 
(J) 

/; . t :/ /, ', ~· ! : I :J I Gas A 16 190.6 I 45.4 0.008 

I 
i : -· I I Gas B I 44 I 304.2 I 72.8 I 0.225 

Tank 2 contains only Gas C which is held at a v_ery low pressure (0.100 Pa) and a temperature of 

0 °C. The collision diameter of gas C is a= 5.22x10- 10 m and its molar mass is 30.07 kg/kmol. 

(a) Calculate the volume (m3
) of Tank 1 using the ideal gas law. 

2 · lc1.1W_ \ t; " = 3 2..C<.:J l.: r:\ . (A ) _ ... ,,, ... / ' / 2C.() i:.t\ ~-s~ i.. i . . 
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_,/' ~-' - . . -

(b) Determine the pseudocrit1cal temperature (K), pseudocritical pressure (kPa), and pseudocritical 

3 

acentricity for the gas mixture in Tank 1. 
' ' -1· , .. 
·j ,, '1. {. v . : , I 1.-., ,, 
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l.. -· . . ..... . ~::_ . ) 
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\Y·: . • . 
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Question 11 (Contd.) 

(c) Calculate the volume (m3
) of Tank 1 using the compressibility factor chart. . 

. . , / , / ) 
\ .... ,. : 

1·-
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(d) Calculate the volume (m3
) of Tank 1 using the Pitzer-Curl method. 
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Question II (Co11td.) 

(f) Calculate the mean speed (m/s) of gas C molecules ir(T~nk 2_:-) 
. .........._------ ,--..... ------ .. ..... -

ft{ '!"on ~·: ··.t »: .. ... ~:::t t :: > .. .. - ! 
~-·~..........,..· · · 

~- 1:... 3o , c =r 

~ -. .. .. ... " . ·.•• -· ~, . 

' . 
. ~'--· 

(g) You start to work with a new type of ideal gas. At 0 °C and 0.100 Pa, the thermal 
conductivity of this new gas is 0.100 Wlm K. 

(i) Estimate the thermal conductivity of this new gas at 600 Kand 0.100 P~:_-- -· i!.: M / p r 
, . 

i I /i~-: --; ';-2 -j
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_______ .. ,. -··~··-- ~ ~ .J I ~ I 
L1 - .l 3 c1 ,. •o - . : 

(ii) Estimate the thermal conductivity of this new gas at 0 °C and 100 kPa. 
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i.-· . 

- / 

Engineering Students' Society 97 



~ 
~ 
== 
~ 

~ 

ENGG 201 Final Exam (Fall 2007) Page 9 of20 

Question Ill (16 marks) 

An isoteniscope with a pressur~ transducer is used to determine the 
vapour pressure (Pv) of an unknown substance. The transducer 
displays ti.P readings which represent the difference between the 
pressure in the room and the pressure in the exit arm of the 
isoteniscope. ti.P readings for the unknown substance at two 
different temperatures are provided in the table. You can use the 
following formula to determine the Pv of the pure substance: 

Pv =Pb - ·ti.P 

ID No 

Temperature ilP 
(K) (mmHg) 

298.15 423.51 

323 .15 48 .89 

where Pb is the corrected barometric pressure. From a barometer you read the room pressure as 
660 mmHg. The substance has a molar mass of 58 kg/kmol and is completely miscible in water. . . . 

(a) Using the data provided here and on page 8 of the formula sheet, determine the corrected 
barometric pressure (mmHg). bl:i o 
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(b) Determine the vapour pressure (kPa) of the unknown subStance at 298.15 Kand 323 .15 K, 
and use these values to develop ,~elating the vapour pressure (in kPa) to the 
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Question III (Contd.) 

(c) In your next experiment, you add the unknown substance to water in a vessel, mix the 
contents, and then seal the vessel. At equilibrium, the liquid phase is comprised of 10 mo!% 
of the unknown substance and 90 mol% water. The vapour pressure for water is related to the 
absolute temperature as per the following correlation: 

lnP == - 489 1. 
75 + 17. 728 

v T 
where P v is in kPa and T is in K 

Assuming that t_his -mixtur~, obeys Raoult's Law, determine the mol fraction of water in the 
vapour phase a(323.15 K_. > 
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Question III (Contd.) 

( d) Using the correlation developed in part (b) determine the most likely identity of the unknown 
substance (note : the identity is included in Table 7-5 in the formula sheet) 
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(e) If you had 10 kmol of pure liquid water (Mwater = l8_kgtk:mel}-at-2.5~, how much power 
(kW) would it take to heat up and vaporize exact~e-half of the wat~Jn 30 minutes at a 
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Question IV (16 marks) 

ID No__,, i 
1 
1 
1 A newly discovered molecule called Enggium has been found to have an Elk value of 144.85 K, PSI 

a collision diameter of 4x 10- i·o m, and a molar mass of 81.76 kglkmol. The potential energy I 
function of this particular substance, which crystallizes in a face centred cubic (FCC) structure, '=I 
can be described by the equation c :. !'--1""f - ~..s ,c l~ 

T ~ 

C -_ { /L! LJ_C''S°~( / , ~~:-; ;_,S "lw - -'--~ j-/-3 
(._ - -

. - i -- ·-:-. I , OJ q CJ (D "S i' I 0 - ,,.;;:. J 

(a) Calculate the equilibrium separation distance (angstroms) between two molecules of 3 
~ 

Enggium. - 1c er :· !.-/· >( 10 \, f--, 

010;\, ;:>-.. ,__.-,-, _- T:: o 

~F f·:C; . dc>t l '.tCr,_i· ~r<e" . ..:_:)\ 

0 ( 
0- .• 

- - - - ~ ,j J ~c- 3) cr ~ ' r I 

(b) Determine the value of the potential energy (J) between tWo molecules of Enggium when 
they are at equilibrium separation distance. ..,,~ - t(; .- lf _ '--/ C:f.:. >' /{,- - '"-, , 
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Question IV (Contd.) 

(c) Determine the mass (kg) of I m3 of pure Enggium. 

Bu/k Je11;i~~ f{.L ~ ~ - 1 ~.~k 0 "fuut /v1 = £>/. 7{k(l / ktr'17
/ 

d-

_,o . 
u"' qc /YI 
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(d) Determine the number of molecules that could be put in a volume of 1 m3 of pure solid 
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(e) Determine the length(~) of one side of a unit cell of Enggium 
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Question IV (Contd.) 

(I) Detennine the void fraction for Enggium. 

Vdv~~fr..,/t_- vol&fi!C o F rr,<>fecd-e~ /111,/1,'/"ceJ( 
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Question V (16 marks) 

Yo~ have been hired to design a commercial '-aj1)1peline that will be used to transport a special 
E0:_~eating fuel (p = 950 kg/m3

) from sea 1eve1 to a village located on top 0r a hill. 

~-- · 'I ;· .. ; · ..... .,../ ~ , . I ·~ 
. "... . ...; ~~~ ~1· ._ ~~}'.:! ·: .·-

P, 

10\ 3.;i_s i"1.- pump Sl V1q ~ ~ ]!;)__ 
rJ 

t.h = 70 m 

Sea level 

i, _ _ 

L - ---10 -- ' 

· .. ::·. • ·~ i.: l () 

You choose a pump that can generate 1.0 MPa of pressure at the outlet (P2) knowing that fUel has 
to be delivered to the village at atmo<>pheric pressure (P3). The fuel also enters the pump at 
atmospheric pressure (P 1). The fuel must be pumped at a rate of J6 m3/h. You do some research 
and find the fo11owing information about the fuel : 

Temperature (°C) 1' (Pa) du/dy (s" 1
) 

-5.0 -50.0 10000 - - - . .; 
I '/ -'l .--"'lJ.0:0 ,, / ''1 · !/ l/ / _ .,.. . • . ./ ' / ' -"'. __ _. -- "'(;60.~ - ,· - , i -.;., - -~t ---r333T ' -. _,,-

~ .. •' . .. . ..... - \ 

-5 .0 75.0 15000 

(a) Using the data provided, determine the viscosity of the fluid under working conditions. 
,, 
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Question VI (Co11td) 

Page J 6 of 20 

,.., ., ) "'. .. : .,,.. 

lu! ::. "' ;, 1 • 

JD No 

0 c 
- d -1 

(b) Determine the diameter of the pipe needed for this application. Remember to state all 
assumptions (Note: if you need to iterate you can· start with a diameter of D =0.06 m) · 
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Question VI (Contd) 

(c) Determine the shear stress (Pa) at the wall of the pipe. 

/' / "' . ( I J :.:t) <'v · - ~~ 
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/ 

(d) Determine the power (W) supplied by the pump. 
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Question VI (16 marks) 

A thick-walled tube of stainless steel (K = 20Wlm K) has a 3 cm inner diameter, a 5 cm outer 
diameter, and a length of 100 m. The temperature of the fluid inside the tube is constant at 300°C 
and the temperature of the outside environment is maintained at -20°C. As the lead engineer, you 
want to reduce the energy loss from the fluid inside the pipe to the environment. You decide to 
insulate the outer surface of the pipe . Two different insulation materials are available with 
specifications shown in the table below: 

Insulation 
Thic~oess 1C 

(cm) (W/m K) 

A 2 0. 1 

B 3 0.5 

You decide to investigate two possible options: 

Option 2: Wrap the tube with one layer of insulator Band then one layer of insulator A. 

(a) J?etermine the heat energy that is lost for the bare (uninsulated) pipe (W). 
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• t9 (b) Determine the heat energy .that would be lost in Option l (W) 
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Question VI (Contd) 

(c) Determine the heat energy that would be Jost in 0ption 2 (W) 
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