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1. (20%) A glass is filled half way with @ mixiure of waier and ethanal. Itis
shen placed on a table where the venlilation is good. The ragm air flawing
abava tho glass s assumed to contain o alsahol and a relative humidity of
30%. Air {Nitrogen and axysen) does nat cissclve inls the mixture. How wii
you set up a mode! ta describe the cvazcration rate of the contains in glass?
Give the fundamentai equations you will us2. Write down the assumplions
tha: you have made. Susstitute the given conditions in thaz problem into the
ecuations. Be sura ta define the symbals you used.

= and 30% RH of Ha0

Flowing air with no alcohol

air and vapor of HpO and ethonal
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2. {15%) The "Fick's law" for diffusicn was established by A.E. Fick backin
1855. The famous expariment he put forward was as descriced below,

A cylinder and a funnel were connectad 10 {he bottom of two large reservoirs
razpactively. Boih were fileC wih waler Sodium chlorida salls were piaced in
the bot:om of the cylinder and the funnel. By corindically repiacing the water
in the rescovairs, he was able o kept the sa't concentraticn in the reservoirs
practically zero. He then measures thc cansity distribution along the high of
ths cyiinder and funnel. Ttis know that the density is propartional to the salt
concentration.

MNow, 140 years later, can you predict what kind of density distribution should
~= find? Can you give an ascount of the resuli based on the "Fick's Law"?
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(205%)
3. The temperature Cisteibution seross o plune wall of 0.0 m thick st a
certain instant of time i3

T} = A~ Bx — Ca°

where L is in degrees Coelsius and xois 1 melers. A = 200°C,

B= -200°C/m, and C= 30°CAn’, The wall has a thermal conduclivity

of L Wm K.

(a) On g unit surface acen busls, determine the rate of heal translor into and
put of the wall.

(L) Tstimate the rate ol clrange of enerey stored by e wall,

(I the cold surluce is exposed to u fluid at W0B7C, what is the convection
copelficient?

(15%)

4, Consider a very long, concentric pipe heat exchanger haviog ot and cold
waler inlel temperafuves of 83 and 137C, The MTow rate ol the hot waler is
twice that of the cold water. Assuming equivalent hat and cold waler specilic
heals, determing the hot water outlet temperature for the following modes
of operation: (1) counterfiow, (b) paratlel flow.

{20%)

. A pipeline company is going to construck an 18" pipeline Lo transport
120,000 barvels per day cf crude oll froem o newly dissavered oil field to
an establisked refinery. The propased route covers 510 kilometers, with one
10 kilemeter sognent having a 790 meter rise in elevation, as shown in Lhe
Gisgram belecw. The pipeline will operatc conlinucusly, Z.e. with negligible
Cown Lim:. As part of the preliminary cost evaluation, your assignmeat s
ta determine the number of centrifagal pumping statiens which arve reaquired
1o muintain the specified flow rate. The data for the charecteristic curve
af the punping station is listed below,

q (gul/win) 1000 2050 063 40006 000
ML (m?/s*F 1082 1055 1025 975 310

The propertics for the crude oil acs: viscosity 4 cp
specific gravily 0,21

The praperties of the pipe arc: ID = 18 inzhes _
£ =032 2o 018 iF Re > 107
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(2] How many stablons are g ad for the 500 Jm korizontal sosnent? [(The

ulr
shabtions are ovenly soaced. )

-

(0) How many stalions are reguized for the 19w scgmont wich the gradient
fAzairn, the siatlons aro evenly =

() vploin gualibtetively, what o
ewvenly, all pops w2ra located =

a-mpmFanent oo belisc,

woald bapoen, inntead of spacingg thon
L oene super station, Wouldn't this

Usclul oonversion factors: [ Zarrel o 42 gal
i gal = 0.1337 fiid
1o = 3.z8C8 ft
1cp = 3,001 kegifin s
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