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1. (35 points) High pressure is needed to compress carbon dioxide gas to density of

0.08 g/cm’ at 0°C. The Redlich-Kwong EOS equation was selected to calculate the
pressure: :

P+—2 |(v-b)=RT

T2v(v+b)

0.4278R°T>
a=-——

PC
b 0.0867RT.
PC'
P. =729 atm
1. =3042K

Note; MW of CO, is 44 and unit of v is em*/mole, P in atm and 7 is in Kelvin.
1.1 Fill in the blank for the following table:

Value Unit

wiets =
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1.2 Use Polymath to calculate the pressure by filling in the following
window:

+POLYMATH 5.1 - INonfinear Equations Solver]
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2. (35 points) A three-component mixture is partially separated in a distillation tower.
Component A is the most volatile, and component C is the least volatile. Calculate
the steady-flow rates of distillate (F,) anid bottoms (F;) for the conditions shown
below.

Distillate (F3)
x, = 0.489

3 Xp — 0.444
x,=0.35
=030 F1=100 mol/hr
xc=0-35 »

Bottoms (F5)
xC:0.75

2.1 Fill in the following window for (a) Number of linear equation and (b) x1,
X2, x3, ...and beta for each row of the linear equation.

POLYMATH 5.1
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2.2 Show the results after calculate in 2.1

mol/h
mol/h

F,
F3

2.3 Calculate x4 and xp in F3 by calculator
XA &
XB

¥ Calculator
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3. (40 points) Experimental measurements of the density of benzene vapor at
563.15 K are given in the table and the figure below. Notice that the function

P =P (v)is nonlinear. Using the virial equation of state: Eild =1+—+ <

parameter B and C by multiple linear regression method.

Pressure {atm)

P v
(atm) (cm3/mole)
30.64 1114
31.60 1067 -
32.60 1013
33.89 956
35.17 900
36.63 842
38.39 771
40.04 707
41.79 646
43.59 591
45.48 506
47.07 443
48.07 386

B .
>, determine
v v

P.V data of benzene at 563.15 K

1200 -
1000 - *

800 - ‘e

600 -
400 -
200

0 T

25 35

specific volume (cm3/mol)
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3.1 Calculate RT for this problem

value Unit

R

R*T

3.2 Name column 3, 4, 5...and fill in the values of row 07 (at 38.39 atm and 771
cm’/mol) for each column (only three degits nceded).

3.2 Show mathematical formula used for each column

Column Name mathematical formula
03

04
05
06
07
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3.3 Show the window of multiple linear regression and selected independent variable
and dependent variable.

3.4 Show your results of B, C and R’ after regression



A
BB ... ocovomeneenrecmenenceees e scsse st sean s e et

4. (40 points) A well-mixed tank of initially 300 kg of pure water needs to replace
with brine solution. At time zero a brine solution (20 % salt by weight) is being filled
with an inlet flow of 1 kg/hr at the same time the outlet flow of the brine solution
from the tank is 0.5 kg/h. (1) What is the total weight and concentration of the brine in
the tank after the opening of the valves for 18 hours? (2) At what time the weight per
cent brine in the tank reach 5%7? Assume no overflow from the tank since the volume

of the tank is very large.

NE

AN
Brine @ 1.0 kg/hr

300 kg
Pure
water

N >
AN "
Brine @ 0.5 kg/hr

Note: At t=0, there is no brine in the tank,
Two valves opened at time zero
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4.1 Fill the blanks of Initial value, Final value and put Differential equations and
Explicit equations (do not forget comments!)

Total sat in cyinder
percent o sak in cylinder

(1) What is the total weight and concentration of the brme in the tank after the
opening of the valves for 18 hours?

10



{(2) Calculate the time that the weight per cent brine in the tank is 5% by mean of the
following window.

11



