Chapter 4 — Answer Key, Introduction to Chemical Engineering: Tools for Today and Tomorrow

Reading Question 4.1:

Numerical value: 94,000

Basic dimensions: length is explicitly represented. The derived unit of force also includes
the basic dimensions of mass, time, and length.

Base units: kg, m, s

Derived units: Newton (N) which is used to describe force
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Reading Question 4.2:

a) Individuals working in multiple countries (e.g. sales or international companies) will
need to be fluent in both sets of units.

b) Use of multiple systems of units has a negative impact on the trade of equipment and
other items which may be unit specific.

¢) Other responses are also possible.
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Reading Question 4.3:

3.2 cm is equal to 0.032 meters.
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Reading Question 4 .4:

a. wis the “work of friction per mass of fluid” with dimensions of energy/mass

b. 1Btu=10550J
c. 1b,=32174 Ib, fils*

d. Tungsten: symbol: W, atomic weight: 183.86
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Reading Question 4.5:

Mass is a measure of the amount of matter. Therefore, the mass of the astronaut is the same
on the distant planet as it is on earth. Weight is a type of force equal to the mass times the
acceleration of gravity W=mg. Since the mass of the astronaut remains the same and the
weight of the astronaut on the distant planet is 1/5 of his/her weight on earth, the acceleration
of gravity on the distant planet must be 1/5 of that on earth.
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Reading Question 4.6:

It appears that your colleague used the inverse of the correct conversion factor as follows:
min
60sec

36 min( ) = 0.6 min® / sec

The correct answer is:

. [ 60sec
36 min| - =2160sec
min
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Reading Question 4.7:

As shown on p. 50 of the text, py,o=1000kg/m’ and p,,=1.2kg/m’. The ratio of the two is
approximately 1000.
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Reading Question 4.8:

The one with the lower molecular weight.
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Reading Question 4.9:

The one with the low density.
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Reading Question 4.10:

The one with the high molecular weight.
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Reading Question 4.11:
a. Solution 2 has a lower density (mass/vol) and therefore the greater volume.

b. Since the volume is the same and solution 1 has a higher concentration of A (moles
A/vol), there are more molecules of species A in 1 gallon of solution 1.

c. For the same volumetric flow rate:
1) Solution 1 has the greater mass flow rate since it has the greater density
i1) Solution 1 has the greater concentration of A (moles A/vol) and therefore the greater
molar flow rate of A
ii1) Solution 1 has the greater molar flow rate of A and therefore must have the greater
mass flow rate of A
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Reading Question 4.12:

a. The mass of salt remains constant and the mass of water increases; therefore x,,, must
decrease.

b. The addition of water causes the overall volume (V) to increase.

c. The amount of salt remains constant and the volume increases; therefore, c_, must

salt

decrease.

d. No salt is added or taken away; therefore, the mass of salt (m,,) remains constant.

salt
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Reading Question 4.13:
a. The density, p (mass/vol) is not a function of the flow rate and does not change.

b. The concentration of NaOH (moles NaOH/vol) does not change when the mass flow rate
of the stream is increased since the concentration is not a function of the flow rate.

c. Since the composition of the stream remains the same and the mass flow rate of the
stream is increased, the mass flow rate of the NaOH (1, ) must also increase.

d. Changing the mass flow rate does not change the relative amounts of NaOH and water.
Therefore, the mole fraction of NaOH (yy,o;) remains the same.

e. Since the mass flow rate increased, the molar flow rate must also increase since the two
flow rates are related by a constant.

f. The density remains constant and the mass flow rate is increased. Since 7z = pV , the

volumetric flow rate ¥V must also increase.

g. The molecular weight is a physical constant relating the mass to the number of moles. It
is not a function of the mass flow rate and therefore remains constant.
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Homework Problem 4.1:

399 | 36002 | L | LAY Lmi ] ogq 1
s hr 254 cm | 121in | 5280 ft hr
.2 .
b 177 b, ft | Imin lkg |12in [2.54 cm :0.681kg cm
min® A 60s )\221b, | ft in 52

47 ft{%ﬁgdljz 352 gal
t
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Homework Problem 4.2:
3
a. 1000"—g3 1000g | _1m =15,
m kg \100cm cm

3
N (100016_5; 22046 1, [ 3048m | _ g, , 1oy
kg Jt Ji

m
3

.. IOOOE 1000 g [1gmol | 1m :55.6gmol

m kg 18 g | 1000 L L
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Homework Problem 4.3:

Given: x,.=0.7,x,.=0.14,x-,=0.04, x~,. =0.12
NZ 02 co COZ

From the atomic weights given at the front of the book:
MWy, =2(14.01) = 28.02
MW, =2(16.00) = 32.00
MWeo=1201+16.00 =28.01
MWep,=12.01 +2(16.00) = 44.01

Selecting a basis of 100 g,
_ xsztotal _ (07)(100g)

L _ =2.50 gmol
N> MWy, 28.02 g/ gmol i
. _ sz Myota1 _ (014)(1005’) = 438 ngl
0, MWy, 32.00g/gmol
o = XcoMuotal _ (0.04)(100) =.143 gmol
co MWg,  28.01g/gmol
Xco, Mol (0.12)(100 g) =.273 gmol

n = =
€27 MWep,  4401g/gmol

Total = 3.354 gmol

mole fraction of N, =2.50 gmol N,/3.354 total gmol = 0.745 =74.5%
mole fraction of O, = 0.438 gmol O,/3.354 total gmol =0.131 =13.1%

mole fraction of CO = 0.143 gmol CO/3.354 total gmol =0.043 =4.3%
mole fraction of CO, =0.273 gmol CO,/3.354 total gmol = 0.081 =8.1%
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Homework Problem 4 .4:

Given: Vyopion = 100 Limin, pyypzion = 1.34 glems3, ey g0, = 6M = 6 gmol/L
a. MWy g0, =2(1.01) +32.07 + 4(16.00) = 98.09

L
. ) =600 gmol[min
min

) y gmol
b. np,s0, = €H,s0, Vsolution = (6 17 )(100

. _ : _ g \ gmol L\ )
C. msto4 = MWsto4 Csto4 Vsoluzion = [9809 gmol)(6 17 )(100 mln)— 58,900g/ml”l

3
. . g L cm .
d. Msolution = psalutionVsolution = (1 34 3 100 . 11000 J: 134,000 g/mm
cm min L
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Homework Problem 4.5:

Given: mg,,,, = 10,000 (b, /hr, Xy, 0p. = 0.40

MW, one = 6(12.01) + 6(1.01) = 78.12

MW, oo =7(12.01) + 8(1.01) = 92.15
a. mbenzene = xbenzenemstream =(0.40)(10,000 lbm/hr) =4, OOOIbm/hr
b. Xtoluene = - Xbenzene = 0.60
mmluene = Xioluene rhsm,am = (O.60)(10,0001bm/hr) =6,000/b,, /hr
C. Mioluene = Tioluene 0.0001b,, [hr =65.1lbmol[hr
MW, 1one  92.151b,, [Ibmol
' 4
d. hbenzene = ~bengene = 000 lbm /hr =51 21bmol/hr
MW, rone  18.121b,, [Ibmol
Moot = Mpenzene + Mrotuene = 31.2+65.1=116.31bmolf hr
.. _ ’;Lbenzene _ 51.2lbmol| hr —0.44

Ybenzene = Rooral 1163 lbmolf hr =



Chapter 4 — Answer Key, Introduction to Chemical Engineering: Tools for Today and Tomorrow

Homework Problem 4.6:

Given: VH,50, = 0.001, Yo, = 0.202, YN, = 0.779, VH,0 = 0.018

MWy 50, =2(1.01) +32.07 + 4(16.00) = 98.09
MW, =2(16.00) = 32.00
MWy, = 2(14.01) = 28.02

MWyy,0=2(1.01) + 16.00 = 18.02

Selecting a basis of 100 gmol,

My,s0, = MWy 50 YH,50 Motar = (98:09 g/gmol )(0.001)(100 gmol ) =9.81 g
mo,=MWoy 0N = (32.00 g/gmol )(0.202)(100 gmol ) = 646.4 ¢

my, =MWy Y N o = (28.02 g/gmol )(0.779)(100 gmol ) =2182.8 g

My,0 = MWy,0Yi,0M 0 = (18.02 g/gmol )(0.018)(100 gmol ) =32.4 ¢

Total mass =28714 g

mass fraction of H,SO, =

. _[ 9.8¢ H,50, \(28.35g) 16 0 (ZOOOIbm
H2504 {2871 4 g "air"} 0z b, ton

j =3096 g H,SO, /ton "air"
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Homework Problem 4.7:

a. each of the terms being added (i.e. x/y, ab, and z) must have the same units.

X 8l L 8

cm cm s

[=]

<

gcm

ab [=] (g/s)cm [=]

8
cms

z[=]

Since the dimensions of the second term don’t match those of the others, this expression
is not dimensionally consistent

b. The group of terms in the exponent must be dimensionless

M1

[ g/cms +L—| [=] emj —+ L [=] dimensionless
cm ]

L gls

[z 1] _
be—a+;J [=] ecm

cm cm

So, this expression satisfies dimensional consistency
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Homework Problem 4.8:

(P beneath ~ P t()p) Ar eapist()n cross section — M8

Solving for m,

(f, —B)A
4

m =

substituting values and including appropriate conversion factors

Iby Ib; )
58.6 1 ~147 D074 fi ,
.- in in [144 in ] 322 b, ft

2 2
20 f s"1by
S

= 468 b,
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Homework Problem 4.9:

P -P, 1
Again, the terms being added { L. Ea(v? —v2), and gz, — ze))rnust have the same
P

units (which can happen if they have the same dimensions)

American engineering system

Displaying a representative set of units, along with appropriate conversion factors:

p_p b fin’ [32.2 lbmftJ (144 inzj[ 7

p [ Sy, ) s?
L2 e (ﬁ)z S
2Of(vs v, ) [=] ; [=] 2
/ /e

4
8(zs =2 [=] 5 fil=] "5

Metric system

Recognizing that the units of pressure are N/m? = kg/m s:

R-F kg m/[s* [_]m_2
p kg[m® s
2 2 m 2 m2
L2 =) =] —) =] 2
R) )
2



