Mathematical Methods of Chemical Engineering
Exam 2 (Spring 1999) - Solution
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Chemical Engineering Mathematics 06-155 A
EXAM 2
Tuesday March 9, 1999
Plan your time carefully: Problem 1 20 points

Problem2 20 points
Problem3 20 points
Problem 4 20 points
Problem 5 20 points

1. Solve the following ordinary differential equations. Indicate the general solution and the
particular solution for each. You do not need to check the solutions.
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' The mechanical behavior of polymeric materials is often described with a Maxwell Model.

This model relates the stress (o) generated in a material to the strain (g) applied through a
differential model. The Maxwell model is usually written:

de_1ldo .S
it Gd
where G=10Paandn =35 are material constants. You do net need to develop this
ODE.
(7 points) In one case, we are applying a constant strain (¢(t) = € ,). Develop an expression

describing the stress as a function of time o(t) for this case.

(3 points) Using the expression developed in part (a) for the stress, use the condition that
o(t=0) = Gg, to evaluate the arbitrary constant. ‘

(7 points) In a different case, a sinusoidal strain is applied (g(t) = s,cos(wt)). For this case,
develop an expression describing the stress as a function of time o(t).

(3 points) Using the expressmn developed in part (c) for the stress, use the condition that
o(t=0) = Ge (—G71'])—+_—2— to evaluate the arbitrary constant.
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Problem 2 con’t
| d i . -
¢) £ =g cos (wt) — ﬁ =-g,W sin(wt)
dom |, G e sinleot) « LR
el %;Lﬂ“ 15117 G By shn (part FOvE
\____.--""_""‘"_""'—)
?&) &)
- .8 o "‘:‘"*"‘“‘]’\’1"?‘*""_ Y X
- i L Q
Al R G
ETLJ° o) = ye_'bt (—G—’Eow sin(wt))dt + C
G'/rLb
= = GE;(-D Z(S\\z - ( %— sin {uox) + QCE}S(W3>§ +‘C‘
() (Vo b ' f

N %

2
o) = GEw /( weos(wn) = Qsmcm’;s) :_FQ,E’_ {
5" (&)r+u® 0], -

. Gl -0t -
d‘(o)::. G e, i%)z.‘&_ #,;,' LG'f_——,l')z LQ) + QI C, O

Page 4 of 10



Mathematical Methods of Chemical Engineering
Exam 2 (Spring 1999) - Solution

W e T

ax%
T e - e
c\yl TYQZD d® (5
T ~wwe o
TR2D T K (0Am) loy® 100K
T e R e =
—jéTLo ™M Zm /
r - ¥ s UL L
= mA 1lo m* Vb 7

Page 5 of 10



Mathematical Methods of Chemical Engineering
Exam 2 (Spring 1999) - Solution

"Problem 3 con’t
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4. Brine (salt + water solution) is fed into a mixing vessel at a rate of 3 fi*/min and concentration
of 2 Ib/ft’. The mixer is initially charged with 20 ft* of clean water. Liquid flows from the
bottom of the tank at a rate of 2 ft’/min. Assuming that the tank is well agitated and that the

density is not dependent on salt concentration, what is the salt concentration in the tank when
the tank contains 30 ft* of brine ?

a) (5 points) First, develop a differential equation that describes the rate of change of volume in
the tank, and then determine a particular solution for V(t).

b) (10 points) Develop a mathematical model that describes the rate of change of the salt
concentration in the tank. From this, develop a general and particular solution describing the
salt concentration as a function of time.

¢) (5 points) Using the relations derived in parts (a) and (b) determine the concentration of salt
in the tank when the volume in the tank is 30 f°.
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Problem 4 con’t
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'S. The following second order differential equation arises when describing waves traveling along
a rectangular channel with oscillating boundaries:

Y’ -4y +4y=-16 - 13 sin(3x) - 24 cos(2x)

a) (6 points) Determine the solution to the homogeneous part of the equation, y(x)
b) (6 points) Determine the solution to the nonhomogeneous part of the equation, y,(x)
¢) (4 points) Write the general solution of the differential equation.

d) (4 points) If the homogeneous part of the equation were y’’ + 9 y = 0, would your choice of
¥5(x) change ? If so, what would your choice be for yy(x) ?
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Problem 5 con’t
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