Name Date_February 2, 2016  Tutorial 01

ENGG 201 — WINTER 2016 - QUIZ (/60) [60 min.]

e Closed book, closed notes, Schulich Calculator Only.

o Show all work, and box final answer.
e Use the back of pages if needed and indicate with an arrow if you do so

1. The Froude number is used to determine the nature of flow in open channels (e.g., flow

of water in a river):
|4

Fr=—
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The flow depth y at any distance x is determined from the following dimensionally

homogeneous equation
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where, Fr = Froude number

V = flow velocity

g = gravitational acceleration

y = flow depth (height of the liquid)

x = distance

s = difference between the bottom slope and friction slope of the channel

(i) Use the dimensions of V, g, and y, to show that the Froude number is dimensionless
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(i) Show that the quantity S in the second equation is also dimensionless. (/5)

dy _ 5 __
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(iil) Find the unit of the constant ¢ appearing in the following dimensionally homogeneous
equation:

5
Q = cby3Vs
where, Q is the volumetric flow rate (m%/s) in the channel, b is the breadth (m) of the

channel, and yis the height of liquid (m). (/5
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2. A stream of pure water (flow rate = 1350 kg/h) and a stream of a gas mixture enter into
an absorption column. The entering gas stream (‘Gin") has the following composition: 95
mass percent air, 4 mass percent acetone, and 1 mass percent water vapor. These two
streams mix inside the column. A liquid stream and a gas stream leave the column. The
leaving liquid stream (flow rate = 1220 kg/h) contains no air and has the following
composition: 20 mass percent acetone and 80 mass percent water. The leaving gas
stream {‘Gou’) has no acetone, and contains only air and moisture (water vapor). Assume
the absorption column operates at steady-state and air is a single component.

a. Calculate the flow rate (kg/h) of gas mixture entering the column. (/5)
b. Calculate the flow rate (kg/h) of gas mixture exiting the column. (/5)
c. Calculate percent mass of water in the gas stream leaving the column. (/5)
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3. Use the phase diagram for the vapour-liquid region of CO2 to answer the following
questions. Show all your work for full marks.

90 |

Pressure, atm
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Spedific Volume, dm*kg
Pressure - Volume Diagram for CO,
(a) (i) What is the critical pressure of COz. (2)

P =2 [725 ahn‘

(i) Estimate the vapor pressure of CO2 at 0°C.{/2)
0'¢ = 293 15K
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(i) ~ What phase or phases exist at 300 K and at a specific volume of & dm%kg? (/2)
T= 300k < Te
Poidh: Pecle | stake is [VAtour

(iv) What phase or phases exist at 320 K and at 60 atm? (/2)

bortp: T=320k 2T
P L Pe

state s

(v) s the pressure of the system at the following conditions (T = 300K, specific
volume = 6 dm¥kg) greater or less or equal to the vapor pressure of COq at 300

K {(/3)
T = 300K, '\\/ =6 dw’/b‘j — fo\rrl' A
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(vi) 100 kg of pure COz is contained in a rigid container of volume 560 dm?3 at a
temperature of 300K. Determine how much CO:z (kg) would have to be added to
the container at the same temperature so that the phase of COz become
saturated vapor? {/4)

A
100 K €0, in todm® = v=-l-£:5-‘g 5 A T = 300K

V@ Afun (55 ¢-170) '/‘@W"“

(b) A separate container of volume 400 dm? contains 100 kg of CO2 at a temperature of 280K.

V = 4 dn/k .
To 200 L/J’} = Q_,-y—v) Al port £

(i) What is the specific volume of the vapor present inside the container? (/2)
A
Vni)fl-um = 4 dm’/l’j

Q/\mfm = IZ-Q dl'n’/'ﬁ!
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(i) What is the specific volume of the liquid present inside the container? (/2)

A wolkl,
v, = [l > 'ﬁ%
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(iii) How much liquid is present? (/4)

bwb Fll'?( ‘\fafdlb
A A O
My Vg — i = S22 =057
o " g Sy
Vg ~ Vi

oI, In +ertm5 ﬁf v:ffume, V”b :é"?lﬁ_ﬂ)("l "%‘1):

(iv) The temperature of the above container is raised to 290 K. What fraction of total
mass is liquid? (/5)
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(v) Calculate the degree of freedom for the system when the temperature of the
container is raised to 290 K as in pant (iv}). (/2)

F=2+c-P
F =a2+41-2 :m )4‘"5-
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