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36 Chapter 2

Introduction te Engineering Calculations

2.30.

231

2.32.

(a) Use two-point linear interpolation to estimate the value of prat 7 = 185°C.

(b) Write a computer subroutine to estimate the vapor pressure of 1-chlorotetradecane for any
ternperature between 98.5°C and 215 5°C using two-point linear interpolation. The subroutine
must determine which two tabulated temperatures bracket the given temperature, and apply
the interpolation to estimate p* (7') Then write a main program to read and store the val-
ues of p* and T given in the tabie and to generate a table of vapor pressures at temperatures
T = 100°C,105°C,110°C, . ,215°C, calling your subroutine to estimate p+ at each tempera-
ture. Check your program using the result of part (a).

Sketch the plots described below and calculate the equations for y(x) from the given information

The plots are all straight lines Note that the given coordinates refer to abscissa and ordinate values,

notx and y values [The solution of part {a)} is given as an example ]

(a) A plot of lny versus ¢ on rectangular coordinates passes through (1.0, 0 693) and (2.0, 0.0)
(i.e. at the first point x = 10and Iny = 0.693).

Solution: lny = bx + lna == y = ae**

b= (lay, —lny)/(x: ~ %) = (0 ~0693)/(20—10) = —0693
Ina=Iny ~bx = 06934+0693+10 =138 = a =% =400

l

y = 4 Ooe-ﬁ.ﬁﬂx

(b) A semilog plot of y (Jogarithmic axis) versus ¥ passes through (1, 2) and (2, 1)
(c) Alog plotof y versus.x passes through (1,2) and (2, 1)
(d) A semilog plot of xy (logarithmic axis) versus v/ x passes through (1 0, 40.2} and (2.0, 807.0)
(&) A log plot of y?/x versus (x — 2) passes througli (1 0, 40.2) and (20, 807 0).
State what you would plot to get a straight line if experimental (x, y) data are to be correlated by the
following relations, and what the slopes and intercepts would be in terms of the relation parameters,
If you could equally well use two different kinds of plots (e g, rectangular or semilog), state what
you would plot in each case [The solution to part (a) is given as an example.]
(8) Y = ae™=,
Solution: Construct a semilog plot of y* versus 1/ xora plot of ln (y*) versus 1/ x on rectangular
coordinates. Slope = ~b, intercept = ina.
® ¥ =mul-n
© 1/ In(y-3) = (L +a fx)/b
@) (v + 17 = [z - 3P]!
(¢) y = exp(a J/x +b)
0 xy = 10{n(x2+y'-")+b|
@ y = [ax + b/
A hygromefer, which measures the amount of moisture in a gas stream, is to be calibrated using the
apparatus shown here:

Rotamelers m

K Hygromater
Waler E

Steam

5




Problems 37

Steam and dry air are fed at known flow rates and mixed to form a gas stream with a known wa-
ter content, and the hygrometer reading is recorded; the flow rate of either the water or the air is
changed 1o produce a stream with a different water content and the new reading is recorded, and so
on. The following data are taken:

Mass Fraction Hygrometer
of Water, y Reading, R
o011 5
0.044 20 .
JezLf
0083 4 ERN-Y = S
0126 60 ok .3
0.170 80 . 008

(a) Draw a calibration curve and determine an equation for W R [,5!)

(b) Suppose a sample of a stack gas is inserted in the sample chamber of the hygrometer and a
reading of R = 43 is obtained. If the mass flow rale of lhe@ﬁ?ﬁ'ﬁg%s is 1200 kg/h, what is the
mass flow rate of water vapor in the gas?

2.33. The temperature in a process unit is cantrolled by passing cooling water at a measured rate through

a jackel that encloses the unit.

.
Coeling waler g
@ liiters’s) Rotameter

The exact relationship between the unit temperature 7(°C) and the cooling flow water flow rate
$ (L4s) is extremely complex, and it is desired to derive a simple empirical formula to approximale
this reiationship over a limited range of fiow rates and temperatures. Data are taken for I' versus
¢ Plots of T versus ¢ on rectangular and semilog coordinates are distinctly curved (ruling out T =
a¢ + band T = ae®® as possible empirical functions), but a log plot appears as follows:

Jacket

300 - 4
3
L ]
7(°¢) 200 |- -
1005 100
s lliters/s}

A line drawn through the data goes through the points (¢ = 25,7, = 210) and (¢, = 40,75 =

160)

() What is the empirical relationship between ¢ and T?

(b) Using your derived equation, estimate the cooling water flow rates needed to maintain the pro-
cess unit lemperature at 85°C, 175°C, and 290°C.

{c) In which of the three estimates in part (b) would you have the mest confidence and in which
would you have the Jeast confidence? Explain your reasoning,

2.34. A chemical reaction A—+B is carried out in a closed vessel The following data are taken for the

concentration of A, Ca(g/L}, as a function of time, 1 (min), from the start of the reaction:

)’)




Problems 41

*2.44. Write a computer program to fit a straight line y = ax + b to tabulated (x, y) data, assuming that no
more than 100 data points will be taken in any one run Your program should read in and store the
data, evaluate the slope a and intercept b of the best line through the data using Equations A,1-3
through A 1-5 in Appendix A, then print out the measured values of x and y and calenlated values
of y(= az + b) for each tabulated value of x

Test your program by fitting 2 fine to the data in the following table;

245.

X

10

151 20| 25 30

y

235

553|892 | 1215 | 1538

The rate at which a substance passes through a semipermeable membrane is determined by the diffic-
sivity D(cm?¥s) of the gas D varies with the membrane temperature T'(K) according to the Arrhenins

equeation:

D = Dyexp (—E/RT)

where Dy = the preexponential factor
E = tbe activation energy for diffusion
R = 1987 cal/(moal 'K}

Ditfusitivities of SO; in a Auorosilicone rubber tube are measured al several temperatures, with the

following resnlts:

T{K)

D (em?s) X 108

3410
37142
396.2
4207
447.7
471.2

134
250
4.55
852
1407
19.99

+— (so that D = 1.34 X 10 %cm®/s)

(n) What are the units of Dy and £7
{b) How should the data be plotted to obtain a straight line on rectangular coordinates?
(c) Plot the data in the manner indicated In part (b), and determine Dy and E from the resulting

line

*(d} Write a computer program or spreadsheet to read in the (T, D} data and to caleulate Dy and
£ using the method of least squares (Appendix A1) Then run the program and print out the

results.

*Computer prabiem
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