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PREFACE

Rapid advances in semiconductor technology in recent years have
brought the small calculator, with significant computational power and
at reasonable cost, within reach of every technician or engineer in al-
most every level of industry. The introduction of the programmable
calculator marks a significant advance in this technology and opens a
new realm of possibilities to the engineer, student, consultant and
teacher—to name just a few. Now the engineer can quickly solve, on a
pocket-size calculator, complex and iterative-type problems that were
once reserved for very large and complex computers.

This book is intended primarily for, but not limited to, the practicing
process engineer who must design and optimize process equipment on a
regular basis. A variety of programs are offered that will allow the engi-
neer to look at “what-ifs” in design or sizing alternatives while reducing
computational errors. The speed and versatility of the programmable
calculator not only provides the user additional time to explore alterna-
tive solutions to design problems, but also can play a key role in the
stimulation of other ideas.

This book is unique in that sufficient information (equations, theory,
background, flowcharts, and instructions) is presented to allow both the
TI-59 user and users of other calculators with a different programming
language to benefit. Even users of tabletop computers that require
BASIC or FORTRAN can readily construct programs from the
equations and flowchart logic presented. All programs contain examples
that will help the user become thoroughly familiar with the operation of
the program.

Most of the programs presented have a self-prompting feature which
allows easy use of the programs, by either the novice or the experienced
calculator user, with a minimum of instruction. In this mode of opera-
tion the calculator asks a series of questions which are answered by the
user. When the last question is answered, the calculator will continue
through the program to produce a solution to the problem. Although a
printer is required to use the self-prompting feature, these programs
have been structured to allow easy operation by users without printers.
The solutions to all programs, including intermediate results, are stored
in data registers for easy recall at the completion of each program. The
printed results of each program are formatted so that the tape can be cut

and pasted directly onto any associated calculation sheets for a perma-
nent record.
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vill Preface

Generally, all programs listed in this book were kept as straightfor-
ward and simple as possible. Absolute addressing and indirect address-
ing were minimized. However, for the most effective use of this material
it is assumed that each user has a fairly good working knowledge of his
or her calculator.

The book is divided into seven chapters, each of which covers at least
one aspect of process design that must be addressed by almost every
practicing process engineer at one time or another. All programs pre-
sented in this book are based on the experiences of many process engi-
neers for the sizing and optimization of numerous types of process
equipment and associated piping. Programs listed cover a wide range of
process activities including pipe, pump, and compressor sizing; vessel,
dryer, and tower sizing; multicomponent separation; heat transfer, and
physical properties of fluids. Several handy utility routines are included
that should make life easier for the user.

Programmed magnetic cards for any of the TI-59 programs listed in
this book are available for $7.50 each. Send stamped, self-addressed
envelope and blank cards to be programmed to:

W. W. Blackwell
9826 Sagedale
Houston, TX 77089

Very special thanks go to Mr. Joe Chao who has offered constructive
criticism and many suggestions in the preparation of this book. Joe also
wrote the programs for the double-pipe heat exchanger and the two-
dimensional linear interpolation that appear in this book.

Special thanks are due my wife Beth for her long and grueling hours
at the typewriter trying to decipher my scribblings and extended equa-
tions containing unfamiliar symbols in both English and Greek.

W. Wayne Blackwell
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1
FLUID FLOW

Typically, process piping costs 20 percent or more of the total plant
investment, and energy usage (pressure drop) and continued mainte-
nance add additional costs. It is evident from this that sound sizing
practices can have a substantial impact on overall plant economics. Gen-
erally, it is the process engineer’s responsibility to optimize pressure
drop in piping and equipment with compressor or pump horsepower to
determine the most economic conditions. This task requires many trial-
and-error calculations for which the programmable calculator is well
suited.

Several pipe-sizing programs covering a wide range of flow conditions
are presented in this chapter. Correlations of both single- and two-phase
flow are presented for general line sizing, and a special program for
sizing steam condensate headers is included. Pressure drop in packed
beds is covered by the familiar Ergun equation, and a comprehensive
program is presented for those engineers who must size relief valves for
either vapor or liquid service.

A special program for sizing control valves for vapor, liquid, and
steam service is included in this chapter as well as a time-saving program
for the conversion of pipe fittings to equivalent length of line.

For those users who require the results of these programs in metric
units, a conversion table is given in the appendix.

The Calculation of Compressible
Isothermal Flow in Pipelines

It is generally conceded that the flow of a compressible fluid through
long pipelines approaches isothermal conditions, i.e., flow at constant
temperature.



2 Chemical Process Design on a Programmable Calculator

Usually the pressure drop in these pipelines is large relative to the
inlet pressure, and because of the appreciable change in density and
velocity the usual form of the Darcy pressure-drop equation is not con-
sidered applicable. However, an accurate determination of the flow
characteristics that apply to this region can be made by applying the
complete isothermal equation:

, 144 gA® } P} - Pé} -
w* = \V,[FFLID + 21n (Bi/Po)l) | P (1-1)

A complete derivation of this equation can be found in an article by
Kern.)

A modification of Eq. (1-1) was programmed to solve for either gas
flow or gas pressure at the end of the pipeline. Also programmed was
the ideal-gas density equation for rapid calculation of densities when gas
molecular weight and temperature are known. Ideal density can be cor-
rected for high-pressure conditions with a compressibility factor. See
Chap. 6 for additional information on the calculation of gas density.

The Equations The calculator was programmed to solve the following
equations:

B pd- P} — P3|[%®
W= ToSRa {[FFIQL/d +2In (Pl/Pg)][ P, -2
P w2p 05
= 2 __ it | N | o) 5
P {Pl [FFI?L/d + 21n PJL) 7(1387.02 4)2]} (1-3)
6.31W
e= i (1-4)®
FF = 9—% for Re = 2000 (1-5)®@
09]|-2
FF = {2 log [%15 - (I—ZE) ]} for Re > 2000  (1-6)®
(MW)(P)
= RT L
NOMENCLATURE
P, = initial gas pressure, psia

P, = terminal gas pressure, psia
d = pipe inside diameter, in

D = pipe inside diameter, ft

L = pipe length, ft



Fluid Flow 3

W = gas flow, Ib/h

w = gas flow, Ib/s
_p = gas density, Ib/ft’
V) = specific volume at initial conditions, ft3/1b

= gas viscosity, cP
& = pipe roughness, ft

MW = molecular weight of gas
P = gas pressure, psia

FF = friction factor

R = gas constant, 10.73
T = absolute temperature, °R
g = acceleration of gravity, 32.2 ft/s?
A = cross-sectional area of pipe, ft?

Using the Program

Complete operating instructions for this program are shown in Table
1-1. User-defined keys are given in Table 1-2, and data register contents
are shown in Table 1-3. The program flowchart is shown in Fig. 1-1.
Since the program requires 561 program steps and 40 data registers, the
calculator must be partitioned to 639.39 before either stepping in the
program or reading it in from prerecorded magnetic cards. The first
time the program is stepped into the calculator, certain constants must
also be entered into the data registers before the program is stored on
magnetic cards. These constants are outlined in Table 1-3.

This program is self-prompting, and once the correct label is pressed
the user need only answer the questions presented and continue the
program by pressing R/S.

Label A will calculate the maximum gas flow rate for a given line size
and pressure drop. Label B will calculate the terminal pressure in a
given size pipeline with a known gas flow rate, and label C will calculate
the ideal-gas density.

After all questions have been answered, the calculator proceeds to
carry out the computations to produce the solution. Users operating this
program without a printer can follow the instructions given in Table 1-1
to enter data. The final answer is displayed and intermediate results are
stored in data registers as shown in Table 1-3.
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TABLE 1-1 User Instructions

Step Procedure Enter Press Display
1 Partition calculator 4 2d Op 17 639.39
at 639.39
2 Load program Side 1 1
Side 2 2
Side 3 3
Side 4 4
ISOTHERMAL FLOW
3 Press label A A 2413007100
4 P, R/S 3303003336
5 12 R/S 7100000000
6 d R/S 2700213700
7 L R/S 6315210071
8 p R/S 3300710000
9 n R/S Flow, Ib/h
ISOTHERMAL AP
3 Press label B B 2413007100
4 P, R/S 7100000000
5 d R/S 2700213700
6 L R/S 2335007100
7 w R/S 6315210071
8 p R/S 3300710000
9 7 R/S Py, psia
IDEAL-GAS DENSITY
3 Press label C G 30430071
4 MW R/S 330071
5 P R/S 3765210071
6 T R/S p, Ib/ft®
or */CF
TABLE 1-2 User-Defined Keys
Label Label Function
A Calculates the maximum gas flow rate in pipelines for a given
pipe size and pressure drop.
B Calculates the terminal pressure in a given size pipeline with a
known gas flow rate.
C Calculates the ideal-gas density of a gas.
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TABLE 1-3 Data Registers

Data register no. Information stored Units
00 Not used
01 P, psia
02 Py psia
03 d in
04 L ft
05 w Ib/h
06 p Ib/ft3
07 s cP
12L

08 4

Py
09 21n }72

12L
10 FFT
11 Re
12 FF
13 0.00015(e)* ft
14 1337.024 (constant)*
15 d* (P% - P%) (F
16 0.013 (initial FF)*
17 0.001 (tolerance)*
18 P3 :
19 we (2)()

Pd

20 2436323723* Print codes
21 1735301327*
22 21273243%
235 3302003336*
24 2413007100%*
25 3303003336*
26 1600243100%*
27 7100000000%*
28 2700213700*
29 4300271463*
30 2335007100*
31 4224360015%*
32 3300710000*
33 75330000%*
34 1631002714*
35 6315210071%*
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TABLE 1-3 Data Registers (Continued)

Data register no. Information stored Units
36 30430071*
37 330071*
38 3765210071*
39 51631521*

* Data which must be stored in data registers the first time the program is
stepped into the calculator and before the program is stored on magnetic cards.
Contents in registers 13, 16, and 17 may be varied by the user.

Examples

1. What is the maximum flow rate for a pipeline that is 100 miles (528,000 ft)
long and has an internal diameter of 13.376 in? Gas enters the pipeline at
1300 psia and exits at 300 psia. The flowing gas has a density of 4.87 Ib/ft®
and a viscosity of 0.011 cP.

2. Assuming the same gas flow rate as Prob. 1, what is the gas pressure after 50
miles (264,000 ft)?

3. What is the ideal density of the gas at the end of the pipeline if the gas
molecular weight is 20.1 and the flowing temperature is 40°F?

Procedure Press label A and answer the questions for solution 1, press label B
and answer the questions for solution 2, and finally press label C and answer the
questions for solution 3. After an answer to each question has been keyed into
the calculator, the program is continued by pressing the R/S key.

Shown below are the solutions to these problems.

Solution 1 (label A) Solution 2 (label B) Solution 3 (label C)
ISOTHERMAL FLOU ISOVHERMAL oF TH LESDF 7
Fi FSIA
Fz2 PLIA
nIM 7
L FT % 1. 1237 50
DN LE-C
"u' I5 CF
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PROGRAM LISTING Compressible Isothermal Flow
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PROGRAM LISTING Compressible Isothermal Flow
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PROGRAM LISTING Compressible Isothermal Flow
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