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This is the book that unlocks the vast poten-
tial of programmable calculators in building
design. Any designer who knows how to use
a programmable calculator can now save
countless hours solving the most commonly
encountered problems while finding opti-
mum solutions. And Building Systems De-
sign with Programmable Calculators pre-
sents all this time- and money-saving
information—programs that could take thou-
sands of hours to develop independently—
in concise and easy-to-follow form.

The 22 programs in this book provide solu-
tions to problems in: lighting design, life
cycle cost analysis, sizing and heat loss in
liquid, air and gas systems, a multitude of
conversion programs, building heating loads,
solar shading, and solar radiation. None of
these highly practical programs are avail-
able from manufacturers’ program libraries
or any other source.

In the office, Building Systems Design with
Programmable Calculators frees the design-
er from the chore of computation and allows
concentration on the process of design and
synthesis. In the field, designers and engi-
neers can solve problems they could never
before undertake without a computer.

Wherever readers use Building Systems De-
sign with Programmable Calculators, they
will find complete descriptions of the meth-
odology for each design problem. Mr. Dar-
yanani has identified and referenced all the
relevant equations. Program labels, subrou-
tines and storage registers used are outlined
with a brief discussion of the function of
each. Every section also contains several
examples—so that the reader can quickly
learn to use the program to solve the prob-
lem at hand. Once a program has been de-
bugged and tested by the user against the
examples, use of the program eliminates all
the errors inherent in the manual method. No
other book provides such a surefire method
to save time and effort in building systems
engineering.

While it is saving time for architectural de-
signers, HVAC engineers, lighting designers
and other professionals, this book can pro-
duce important long-range benefits. The
programs encourage the designer to inves-
tigate alternate approaches, so that users of
this book can find optimum solutions with
unprecedented ease—not only improving
the quality of the design and saving project
costs, but conserving operating energy as
well.

The specific problems that can be solved by

users of Building Systems Design with Pro-

grammable Calculators include:

Piping Design A general piping system de-

sign program, based on the Colebrook and
(continued on back flap)
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The author has exercised care in developing these program materials, but the buyer must
carefully evaluate them as to their accuracy and suitability for the buyer’s applications.

Neither the publisher nor the author makes any warranty, either express or implied, including
but not limited to the implied warranties or merchantability and fitness for a particular
purpose, regarding these program materials, which are made available to the buyer solely
on an “as is” basis with all faults.

In no event shall either the publisher or the author be liable to anyone for special, incidental
or consequential damages in connection with or arising out of the purchase or use of these
program materials and the sole and exclusive liability of the publisher and/or the author,
regardless of the form of action, shall not exceed the purchase price of these program
materials.
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conservation of all resources:
human, material, and energy



IMPORTANT

Your investment in this timesaving tool will pay you divi-
dends immediately if you first read, study, and understand
the instructions given in the introduction.

Needless to say, you must be familiar with the basic
features and functions of your calculator as explained in
the owner’s manual furnished with the calculator.
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PREFACE

Of all unlikely places, the idea for this book originated in Tehran, Iran.
When I was there in 1976, we had to design mechanical systems for
twenty-six large apartment buildings. We needed urgently, right in Tehran,
a computer-aided design system to complete the project profitably and on
time. A project of this type, due to large repetitions in the design process,
is ideal for a computer-aided design system.

Since we had no access to our computers in the USA, we resorted to small
programmable calculators. We had one set in Tehran which we used for
developing the programs and, in the meantime, we ordered four more
sets from New York. Once we had all the calculators and programs, we
reduced the design time from three days per building to three hours per
building. This incident was a convincing demonstration of the enormous
potential of programmable calculators in the building design profession.

From that time on I became interested in programming techniques for
programmable calculators and found this subject more exciting than
reading detective novels or solving crossword puzzles during my long and
frequent travels. Without this type of interest it would have been boring
to travel and spend, say, five nights in Jeddah and three nights in Kuwait.
Now I am used to working on a program while waiting at the airport. The
time passes quickly. I can identify programs by the cities where I developed
them.

It is one thing to develop programs for use in one’s own office and another
thing to put them together in the form of a book. It is a quantum jump of
many orders. Having a contract from the publisher, a contract deadline,
and an aggressive editor provided all the necessary driving forces for this
quantum jump.

Apart from the driving forces and time, a project of this type requires a
supportive environment. The creative and innovative atmosphere at Syska
& Hennessy provided the necessary encouragement. The engineers in the
office quickly adapted the new programs and helped in testing and
application on actual projects.

I hope that other engineers and engineering students will benefit from
this book. While this book does not directly address the problem of energy
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conservation, an efficient learning and problem-solving device can be
indispensable for conserving human energy, which is the most expensive
and precious type of energy. If the engineers use this book or other
similar design techniques for analyzing alternate solutions to optimize
their designs, they will also succeed in developing the most energy-efficient
and cost-effective systems.

Since major portions of this book were written during my travels, I had to
work alone on it. I am responsible for any errors of omission and
commission. However, I have received comments, criticisms, and sugges-
tions from many colleagues and friends who are too numerous to list and
thank individually.

Typing of the manuscript turned out to be a monumental task. Apart
from the volume of typing work, there were additional complications due
to mathematical symbols and typing on “User Instructions and Examples.”
I doubt if I could have met the publisher’s deadline without the full
cooperation of my secretary, Ms. Dorothy Vance. In addition to her regular
work, of which she had plenty, she managed to find time to type the
manuscript, and supervise and coordinate the work of the other typists
who pitched in. She had to guard the originals from the engineers in the
office who were anxious to use some of the programs as they came off the
typewriter. Mr. Steve Briggs also helped with typing, utilizing all the time
he could spare. Many thanks to both of them.

Finally, I thank my family for allowing me to isolate myself during the last
phase of this project and for their moral support and most patient
understanding.

Sital Daryanani



The computer has already made an impressive impact
on the building design profession. Several architects
and engineers have their own computers, or have easy
access to them, and have learned to develop their own
programs. Many package programs, some of excellent
quality, are available at reasonable cost. These pro-
grams are being utilized through computer services by
remote-access terminals or through users’ own com-
puters. Hundreds of users are’ benefiting from such
services and programs without learning about com-
puter programs.

On the other hand, there are still many engineers
and engineering students in this country, and espe-
cially in other countries, who have still not had their
first encounter with the computer. The volume of
their work cannot justify their having their own com-
puters, and time-sharing services are either unavaila-
ble or expensive. Their work may not benefit from
available package programs and they cannot make the
financial commitment of developing their own pro-
grams. These engineers and engineering students may
find the programmable calculator within their eco-
nomic reach and also suitable for most of their work.
The main purpose of this book is to provide assistance
to engineers and students who want to take their first
step toward the application of computers for problem
solving and design by way of the programmable
calculator.

Some of my friends in academic circles have also
mentioned the college students’ concern about main-
frame computers. While in college, these students
have easy and inexpensive access to large computer
systems on the campus. However, in real-life working
situations, many of these students will have no access
to large computers. These students are anxious to
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learn about the systems of the type they would be
likely to encounter in the world outside the campus.
At present, the programmable calculator can in no
way compete with the tremendous potential of the
mainframe computer. However, programmable cal-
culators do have their unique advantages which have
attracted even those partial to the mainframe.

Why a Programmable Calculator?

When large, mainframe, electronic computers were
first applied in the building design industry in the
early 1960s, engineering jobs were presented to the
mainframe computer in batches, and an engineer
looking for the answers often had to wait days. Even
today, the mainframe computer, costing thousands or
millions of dollars, sits splendidly in glass-partitioned,
air-conditioned rooms demanding, because of its ex-
pense, that it be kept working every possible second.
Batch operation makes for the most efficient use of
the mainframe computer.

This type of operation has made the computer
remote from the engineer and the student, who can-
not interact with a computer to ask brief questions
and get immediate answers or to change the input
data and see an immediate effect upon the results.
“Timesharing” has been one solution, but has not
been economical since it slows down the main com-
puter, requires additional expensive hardware and
software, and, in some cases, ties up expensive tele-
phone lines.

Now engineers and students have many options,
especially for small problems. One option is to have
their own programmable calculators, costing only a
few hundred dollars. The equipment is small enough
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to fit inside an attache case and is generally powered
by rechargeable batteries so that it can be used while
traveling. The programming language is simple and
engineer oriented.

In recent years, the price of programmable calcu-
lators has dropped and their capability has increased.
However, they will not replace the large mainframe
computers, at least not in the near future. Comput-
erized solutions of most engineering problems, as
compared to business and accounting programs, do
not require a large data base or elaborate output
reports. Everyday engineering problems, involving
repetitive and complex calculations, can now be han-
dled easily on small, programmable calculators.

Problem solving in engineering is similar to going
from one point to another. For short distances, a car
may be more economical, while for long distances, a
jet plane is indispensable. With a programmable cal-
culator, the engineers have all the convenience of their
own car for short-distance travel. On the other hand,
it is foolish to use a jet plane for shopping in the
neighborhood!

It is possible, considering the following specific
advantages of programmable calculators, that more
and more engineers will be attracted by their potential
and the benefits applicable to their own areas of work:

* The equipment cost is relatively low and most engi-
neers and offices can afford to have their own
equipment.

* The equipment is small and portable and can be
easily moved around from office, to home, to client’s
office, or taken on a trip.

* The engineer can solve problems instantly instead of
putting up with the delay in turn-around time gen-
erally encountered with the mainframe computer
systems. The immediate feedback will encourage
engineers to test many alternate approaches to op-
timize the designs.

* Users do not have to waste time to complete the
input forms generally required for use of programs
on large computers.

* The building design process is constantly evolving.
Multiple runs on the large computer, necessitated by
these constant changes, can be expensive and time
consuming. With programmable calculators, these
changes do not become traumatic either in cost or in
time delays.

* Greater accuracy of results can help in achieving
exact sizing of systems and the selection of optimum

equipment—all of which can minimize initial project
cost, energy consumption, or life-cycle cost, depend-
ing on the project objectives.

* Because of the technical limitations of program-
mable calculators, the programs are developed in
small modules which can be easily understood and
modified by the engineer, instead of accepting the
“black-box” concept of large programs.

* Since the programs and procedures are fully docu-
mented and easily understood, most of the calcula-
tions, especially when repetition is involved, can be
performed by junior engineers and draftspersons
with minimum supervision by a senior engineer. This
arrangement saves time and money in addition to
providing an efficient training tool.

It is hoped that this book will satisfy the needs of
engineers wanting to benefit from programmable cal-
culators, while serving as an aid in the training of
engineers in offices and colleges.



ABOUT THE BOOK

The programs presented in this book have been
developed for the following two calculators:

Texas Instrument TI-59 with PC-100A Printer

Hewlett-Packard HP-97

Other programmable calculators could have been
included also. However, it was felt that the essential
aspect was to present basic procedure and logic for
solving problems on programmable calculators. The
techniques are explained in detail in case users desire
to apply them for any other models. It is hoped that
basic procedures and logic will be equally valid for the
future models.

If users desire, they can modify the programs so
that they can obtain the answers with the calculator
models not having a printer. It is recommended that
users have a printer-type model, since a relatively
small investment in the printer greatly amplifies the
total return on the system. The printer provides the
user with the following benefits:

* All intermediate answers are printed automatically,
together with alphanumeric identification of the
data. Without the printer, the program has to be
modified to stop at each intermediate answer to
enable the engineer to copy the figures. After copy-
ing the figures, the engineer can restart the program.
This alternate procedure will take far more time and
will increase the probability of error. Further, there
would be no alphanumeric identification of data.

* The printer provides a record of both input and
output.

* Even if the programs are tested and “debugged,” the
user could make input errors, which are difficult to
detect without the written record.

* The printer is indispensable for revising and debug-
ging programs.

Programming

Users will not have to learn Fortran or any other
computer language to benefit from this book. If users
do not wish to learn programming, they can still have
all the advantages by copying the programs.

The main objective of this book is to encourage
engineers and students to use programmable calcula-
tors for solving engineering problems without worry-
ing about programming. If one were to make an

XV

analogy, this book is like a travel guide: it tells users
what to see and do when they arrive at their location.
It is not necessary to learn how to drive a car if one
wants to travel, although, if one knows how to drive,
one can have more freedom and fun while traveling.
What driving a car is to traveling, programming is to
engineering problem solving.

The programming techniques are quite simple and,
in our office, we have been able to get the engineers
started during the first session, which takes about two
hours. Training in complete programming techniques
takes three to four such sessions. From there on, the
engineers must practice and apply the techniques to
improve their programming skills. The following two
books are excellent supplements to the manuals and
handbooks which come with the calculators: Program-
ming Programmable Calculators, by Harold S. Engelsohn;
and Programmable Calculators Business Application, by
Julius S. Aronofsky, Robert Frame, and Elber B. Grey,
Jr.

As already mentioned, the programming tech-
niques for the programmable calculator are simple,
and engineers can improve their problem-solving abil-
ities by learning to develop their own programs. On
the other hand, it would waste a lot of engineering
time and talent if all engineers developed their own
programs. The objective of this book is to present
basic programs for the building design profession so
that engineers and students can avoid spending their
time solving basic problems which have already been
solved. However, they may find it very rewarding to
modify these programs to meet their specific needs.
Or, they could develop more complex design pro-
grams using basic programs in this book as building
blocks. All the necessary information is given in the
book to encourage users to make their own
explorations.

The basic programs cannot satisfy the above objec-
tives unless they are fully understood by engineers.
Up to now, many engineers have been turned away
from the computer program packages because they
did not know, nor could they find out, the contents of
the package. No attempt has been made to hide any
information. On the contrary, users are encouraged to
understand fully the contents and are at liberty to
make all modifications required by them. They are
given all the information about each program: descrip-
tion, theory involved, algorithm for solution, refer-
ence, program listing, user instructions, and trial
examples.
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Programming Arrangement

The main objective of programming has been to
simplify its usage so that engineers could easily apply
it for solving either a single problem or a series of
similar problems. The secondary objective has been to
“compress” the programs within the limitation of the
equipment. Often, these objectives were contradictory,
and the conflict was resolved in favor of simplification.

The programs have been limited to those which
could be accommodated with a maximum of only two
cards. Some engineering analyses require programs
with more than two cards, and engineers with limited
experience with programmable calculators may find
such programs rather awkward and complex to use.
Since the main objective has been to encourage appli-
cation of programmable calculators to engineering
problem solving, more advanced and complex pro-
grams could be the subject of a separate volume.

Since the programs have been developed over a
period of two years, users will notice different tech-
niques for solving similar problems. Once a program
could fit within the limits of the programming steps,
no attempt was made to eliminate the longer proce-
dures. It was also felt that providing a variety of
solutions would be beneficial to the learning
experience.

It is possible to “compress” most of the programs
further and reduce the programming steps. Actually,
one can work on improving a program and never
complete it! After all, better is the worst enemy of
good. The users with expertise in programming can
derive additional satisfaction by streamlining the pro-
grams further.

Most of the programs were originally developed
for the TI-59 and were later converted for the HP-
97. Some of the programs had to be changed com-
pletely to accommodate them within the limits of the
programming steps for the HP-97. However, this was
not a serious handicap and there has been no differ-
ence in the quality of the results. As a matter of fact,
working with the HP-97 demonstrated that even long
and complex engineering problems, if analyzed in
small modules, can be handled by the HP-97, which
has only 224 steps of programming.

One reviewer suggested that in order to encourage
users to study the programs systematically, the pro-
grams should be graded by steps so that users do not
get tangled up with a complex program at the very
first attempt. The programs listed in the “Table of
Contents” are identified as “Elementary,” “Intermedi-
ate,” and “Advanced,” to indicate three levels of com-
plexity. Users should try out the “Elementary” pro-
grams as the first step, the “Intermediate” programs

as the next step, and, lastly, the “Advanced” programs.
The programs have been developed based on the
following additional criteria:

* All input data are printed at the time of input so
that the data can be verified before initiation of
program calculation.

* Not only the final answer is printed, but a sufficient
number of intermediate answers and variables are
also printed so that users are assured that the cal-
culations are done properly and they can get the feel
of the entire process.

* In all cases, the input data are printed either at the
time of input or with the answer to confirm the
correctness of input and for ease of reading the
output.

* As far as possible, the engineering procedures are
adapted from the standard industry technical man-
uals, and references are given for further explana-
tion. The lengthy explanations available in the ref-
erence texts are avoided, since this is not an engin-
eering textbook.

Arrangement of the Book
Each program has the following sections:

* General Description
* Equations
* Operating Features

* Reference Data

For TI-59

* User Instructions and Examples
* Explanation of Labels and Subroutines
* Explanation of Storage Registers

* Program Listing

For HP-97
* Special Notes for HP-97 Users

* User Instructions and Examples
* Explanation of Labels and Subroutines
* Explanation of Storage Registers

* Program Listing



This arrangement minimized repetition since the
first four sections are somewhat common to both of
the calculators.

The “User Instructions and Examples” section fol-
lows techniques similar to those utilized in the manu-
facturers’ instruction manuals.

Adequate practical examples are given to enable
users to check the operation of the programs, keyed
in by them in accordance with the “User Instructions
and Examples.”

Program Usage

Each program listing shows complete keying sequence
so that users can easily key in the programs. It is a
good practice to record the keyed-in program imme-
diately on the magnetic card, even if the users suspect
that they might have made a few errors in copying
the programs. They can perform checking and editing
later, but at least they will have a record of their
keyed-in program. They should make a final copy of
their corrected program: two copies are better than
one, and the magnetic cards are inexpensive.

Next, users should read carefully and thoroughly
the user instructions and test the program on the
illustrated examples. If identical results are not ob-
tained, users should recheck their programs and the
“User Instructions and Examples.” The program list-
ings are produced by calculators from tested
programs.

These programs have been used in actual engi-
neering production of several projects, and modifica-
tions were made in both the programs and the work-
ing procedures to achieve the results in a most efficient
manner. The necessary explanations are given with
the programs.

It is reasonable to expect that users will make
further innovative modifications in the programs and
the working procedures to suit their own require-
ments. All the information is given to encourage users
to make such modifications to enable them to derive
full benefit from the programs.

Since the user is in full charge of the situation, the
author cannot take any responsibility for the results
or the use of the results.

ABOUT THE BOOK  xvii
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TI-59 GENERAL DESCRIPTION OF PROGRAMS AND

GENERAL INSTRUCTIONS FOR USERS

1. All programs have been developed in a modular
manner, with generous use of subroutines. This
slows down the program execution, but has the
following advantages:

a. Each subroutine can be checked and corrected
independently.

b. Subroutines can be combined to derive more
results from a single program.

¢. Subroutines make it easy to understand and
modify the programs.

2. Second-function (2nd) keys A’, B’, C’, D', and E’
are generally used for one-time input only. The
lower keys are used for repeated input in the
interest of saving time.

3. Generous use has been made of alphanumeric

characters for identification of data. In certain
long programs, the alphanumeric identification
has been minimized to fit the programs within the
limits of programming steps.
The alphanumeric identification is limited to four
characters, and, therefore, it is difficult to maintain
complete consistency among the programs. How-
ever, the example for each program illustrates the
function of the alphanumeric output.

4. No programs use absolute addressing or GTOxxx.
While this instruction increases the program
speed, it complicates any future changes and
modifications.

5. Depending upon the extent of the data and length
of the program, the data for computation are
input in the following manner:

a. Directly through the Keyboard. While this arrange-
ment reduces the number of programming
steps, users cannot get a record of input unless
they put the printer in the TRACE mode.
This method has been used very rarely.
(Direct input through the keyboard can be
helpful for correcting errors in input. That is
one reason for explaining the function of all
storage registers.)

b. Through Program Keys. Most programs have
been developed for input through program-
ming keys. In this manner, the user gets an
immediate print-out of the input, and any

changes and corrections can be made imme-
diately before proceeding to the next step.
Corrections or changes can be performed eas-
ily in all cases, except when the result is
totalized for the constant running total. In that
instance, it is necessary to change the contents
of the register, which totalizes the result.

In some cases, this can be accomplished by
using a negative entry.

C. Through the R/S Key. Often, the data input
exceeds the number of keys, in which case the
data is entered through the R/S key.

d. Prompting Mode through the R/S Key. This meth-
od has been adopted for programs requiring
input of large amounts of data. Any correc-
tions have to be made through the keyboard
directly into the storage registers.

6. All the two-card programs are self-partitioning.
After loading the program, the first instruction
partitions the program.

7. The following instructions are suggested for “load-
ing” the programs from magnetic cards to the
calculator, and also for “recording” on new cards.

Instructions for Loading and Recording (Key
Sequence)

To Load—1-Card Program
2nd CP CLR
INV 2nd Fix
CLR INV 2nd Write—(Insert side 1)
CLR INV 2nd Write—(Insert side 2)

To Load—2-Card Program (Self-partitioning)

2nd CP CLR

INV 2nd Fix

CLR INV 2nd Write—(Insert side 1)

CLR INV 2nd Write—(Insert side 2)

CLR INV 2nd Write—(Insert side 3)

CLR INV 2nd Write—(Insert side 4)
The program must be initialized to partition before
any other function is performed.

To Load—2-Card Program (Requiring partitioning)
2nd CP CLR
INV 2nd Fix



xx 2nd OP 17 (xx partition number)
CLR INV 2nd Write—(Insert side 1)
CLR INV 2nd Write—(Insert side 2)
CLR INV 2nd Write—(Insert side 3)
CLR INV 2nd Write—(Insert side 4)

To Record—1-Card Program

INV 2nd Fix
CLR 1 2nd Write—(Insert side 1)
CLR 2 2nd Write—(Insert side 2)

To Record a 2-Card Program and make it self-
partitioning:

10.

1.

12.

Initialize

INV 2nd Fix CLR

6 2nd OP 17 CLR

INV 2nd Fix CLR

CLR 1 2nd Write—(Insert side 1)
CLR 2 2nd Write—(Insert side 2)
CLR 3 2nd Write—(Insert side 3)
CLR 4 2nd Write—(Insert side 4)

. In some programs, the first step is initialization,
which changes the contents of the totalizing reg-
isters to zero and also partitions the programs as
required. It is necessary to initialize when a new
problem is started.

. Some inputs are in decimal format, which allows
input of two variables at one time. The users
should note carefully the number of decimal places
required for correct input.

All programs are based on a “Master Library”
module, which is included with the calculator.

All examples start with the assumption that the
user has correctly loaded the program.

The program requiring partitioning will not func-
tion or list unless it is initialized, which is what
causes the program to partition.

Some programs use the R/S key in the middle of
the program for repeated analysis. If key RST is
pressed by mistake, the following operations will
take place:
a. The original sequence or position of the pro-
gram is lost.

b. All flags are cleared or reset.

¢. The program goes to the first step.

The error can be corrected in the following
manner:
a. Set all the desired flags.
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b. From program documentation, find out sub-
routines SBR n which initially started R/S
operation. Press GTO n (n being the name of
the subroutine). Input data and press R/S.

When the program stops, press R/S again,
and, from there on, the program will come
back to the desired sequence.

13. Each program section has an “Explanation of

Storage Registers,” which can be of great value in
problem solving as explained below:

a. In case of an incorrect input, the execution of
the program can be corrected immediately by
inputting correct data directly into the storage
register so as to avoid repeating the entire
program sequence.

b. The contents of any storage register can be
checked if some problem is encountered.

C. Suppose a user is working on a program,
similar to, say, PP-2 or LP-1, and desires to
discontinue computation before completing
the entire sequence of pipe runs or rooms and
would like to continue the computation at a
later time or date. The user could do this by
listing the contents of all the storage registers
by keying in sequence, INV 2nd Fix. Later,
after loading the program, the user can restart
from the original point by first inputting data
directly into the storage registers.



XX

INTRODUCTION

HP-97 GENERAL DESCRIPTION OF PROGRAMS AND

GENERAL INSTRUCTIONS FOR USERS

. All programs have been developed in a modular

manner, with generous use of subroutines. This
slows down the program, but has the following
advantages:

a. Each subroutine can be checked and corrected
independently.

b. Subroutines can be combined to derive more
results from a single program.

€. Subroutines make it easy to understand and
modify the programs.

. Second-function (2nd) keys a, b, ¢, d, and e are

generally used for one-time input only. The lower
keys are used for repeated input in the interest of
saving time.

. The illustrated examples show identification of

both input and output data. Users could make
similar forms for permanent records of their ex-
ecuted problems.

. No programs use absolute addressing. While this

instruction increases the program speed, it com-
plicates the making of any future changes and
modifications.

Program data can be input in the following
manner:

a. Directly through the Keyboard. While this arrange-
ment reduces the number of programming
steps, users cannot get records of input unless
they put the printer in TRACE mode. This
method has been used very rarely.

b. Through Program Keys. Most programs have
been developed for input through program-
ming keys. In this manner, the user gets an
immediate print-out of the input, and any
changes and corrections can be done imme-
diately before proceeding to the next step.
Corrections or changes can be performed eas-
ily in all cases, except when the result is
summed to obtain the constant running total.
In that instance, it is necessary to change the
contents of the register which sums the result.
In some cases, this can be accomplished by
using a negative entry.

c. Through the R/S Key. Often, the data input

10.

11.

12.

13.

exceeds the number of keys, in which case the
data is entered through the R/S key.

. Users should study the “Owners Handbook and

Programming Guide” for loading program and
data cards.

. In some programs, the first step is initialization,

which changes the contents of the totalizing reg-
isters to zero. It is necessary to initialize when a
new problem is started.

. Some inputs are in decimal format, which allows

input of all the variables at one time. Users should
note carefully the number of decimal places re-
quired for correct input.

. All examples start with the assumption that the

user has correctly loaded the program.

Due to the limitations of the programming steps,
it is not feasible to maintain complete consistency
between TI-59 and HP-97 programs, especially in
the arrangement of input and output. However,
the differences are insignificant.

Any modifications to the program description part
are given separately before the “User Instructions
and Examples” for HP-97.

In order to minimize the programming steps, the
display generally is not controlled from the pro-
gram. Users can change the display from the
keyboard.

Each program section has an “Explanation of
Storage Registers” which can be of great value in
problem solving as explained below:

a. In case of an incorrect input, the execution of
the program can be corrected immediately by
inputting correct data directly into the storage
register so as to avoid repeating the entire
program sequence.

b. Contents of any storage register can be
checked if some problem is encountered.

c. Suppose a user is working on a program
similar to, say, PP-2 or LP-1, and desires to
discontinue computation before completing
the entire sequence of pipe runs or rooms and
would like to continue the computation at a
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later time or date. The user could do this by
listing the contents of all the data registers or
by recording data on a card. Later, after
loading the program, the user can restart from
the original point by first inputting data either
through data cards or through the keyboard.

14. “Enter” instruction under ‘Procedure’ part of the
“User Instructions and Examples” relates to data
input and should not be confused with the ‘Enter’
key which when required is shown clearly under
‘Press’ column.






PP-1

PIPING DESIGN
PROGRAMS

GENERAL PIPING SYSTEM DESIGN PROGRAM

GENERAL DESCRIPTION

This program can be used for any fluids, since the
program computes the friction factor by first deter-
mining the Reynolds number for each input. While
the results have a high degree of accuracy, the pro-
gram is somewhat slow since the friction factor f
number is determined by reiteration. Often it takes
more than six reiterations to complete the calculation.

If the program is to be used for general water
systems, the user also has the choice of a faster
program, PP-2, which is based on the Williams-Hazen
formula and gives reasonably accurate results for
HVAC and Sanitary Engineering for water tempera-
tures from 40 to 180°F. The user could also develop
programs similar to PP-2 for fluids and piping systems
commonly handled by them based on the f values,
which can be determined from Program PP-1.

It is recommended that all the node points of the
piping distribution system be numbered so that each
section can be identified. Program UP-3 has been
developed for adding flows from terminals as well as
for delineating the piping circuits prior to sizing and
determining friction loss. Examples No. 1 and 2 show
application of Program UP-3.

EQUATIONS

Basic Fanning equation:

hs=f XL xXV¥2xg XD [1.1]
where

hs = Loss of head in feet of fluid at average

pressure and temperature in the pipe

L = Length of pipe in feet

V = Average velocity of fluid in pipe, fps

g = Gravitational constant 32.2 fps/sec

D = Internal diameter of pipe in feet

f = Friction factor

The program is based on the following modifications
of the above formula:

L =100 ft

D = Internal diameter in inches

hs = Loss of head in psi

The revised equation is, therefore:

hs=fx 100 X V2 x DS/2 X 32.2 X D X 12

=fxV2xDSID x1.73 [1.2]
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where

DS = Specific weight of fluid in Ib/cu ft
R=V xXD/yx12 [1.3]
where

v = Kinematic viscosity in ft*/sec

Since kinematic viscosity values are usually tabulated
in centipoises, the above equation can be rearranged
by the following relationship:

v = 0.00067 x w/DS
where

m = Viscosity in centipoises
Substituting in equation 1.3,

R =V XD xXDS/ux .00067 X 12
=V XD X DS x 124/ [1.4]

If R<2100, f = 64/2100

The Colebrook equation for f is:
UNf = —2logiee X 12/3.7 X D + 2.51/R x \/f [1.5]

where
e = Mean depth of surface roughness

1
If Z = —, equation 1.5 can be rearranged

0=2+ 2log1[3.2 x e/D + 2.51 x Z/R]

The program solves the above equation by reiteration
and finds the value of Z and f.

Dynamic losses for the fitting in psi
=FF X DS X V(2 X g X 144)
= FF x DS x V29,274 [1.6]

where
FF = Total of fitting K factors for particular run

V =Q X 576/(m x DS X D? [1.7]

where
Q = Flow rate in lb/sec

For gases and vapors

DSX = DSI x PAX/PAI [1.8]

where
DSX = Specific weight at new pressure PAX
DSI = Specific weight at initial pressure PAI
PAX/PAI = New absolute and initial pressure

OPERATING FEATURES

The program can be used for determining flow rate
capacities of the piping system based on the specified
maximum velocity and pressure drop per 100 ft. Input
of the maximum velocity sets up the internal flag for
this computation. This flag has to be reset by pressing
key 2nd E'. After that, the program will be ready for
computing velocity and pressure drop based on the
flow rates, pipe size, and description of the fittings. It
should be noted that maximum velocity criteria are
used for pipe sizing only and do not enter into the
calculations when the program computes the pressure
loss.

When computing the pressure drop, the program
prints out continuous total pressure loss so that the
designer can monitor it to ensure that the total pres-
sure loss will not exceed the desired limit. The pro-
gram allows the user to change the pressure drop and
the pipe size so as not to exceed the desired total
pressure loss. Since the pressure losses are printed out
for all the node points, this information can be utilized
for sizing the branch piping so as to equalize pressure
loss of all the circuits in order to minimize pipe sizes
within the limits of maximum velocity.

Designers can input either nominal pipe diameter
or actual internal diameter, depending on the accu-
racy desired.

TABLE 1

Input and Output Format for Data Conversion Factor

Flow:  Ib/sec 1

Ib/min 1/60
Ib/hr 1/3600
gal/sec 8.33
gal/min 8.33/60
gal/hr 8.33/3600
cu ft/sec DS
cu ft/min DS/60
cu ft/hr DS/3600
DS = Specific
density
Velocity—{ps 1

fpm 60

fph 3600
Pressure—psi 1
Ft of water 2.31

27.74

In. of water




As mentioned, the program can be used for all
fluids. Generally, designers use different pressure and
flow units for the liquids than for the gases. The basic
program is based on the following units:

Pressure—psi
Velocity—{ps
Flow—Ib/sec

However, any other units can be used by inputting
conversion constants. Table 1 shows some of the
suggested conversion constants, and users can develop
additional constants required by them.

The initial input, which requires eight items of
data, is arranged in prompting mode for the conven-
ience of users. PA, absolute pressure, has to be input
for gases so that the program can compute the changes
in the specific density. The program skips this step for
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liquids. This is achieved by inputting 0 for gases and
1 for liquids after prompt G/L.

The later input is not in the prompting mode since
this arrangement expedites computation and saves

paper.

REFERENCE DATA

Users should refer to the following manuals to obtain
data for coefficients for fittings and pipe roughness
factors:

ASHRAE Handbook of Fundamentals

Thermodynamic Properties of Water Including Vapor, Liquid
and Solid Phases, by J. H. Keenan, F. G. Keyes, D. G.
Hill, and J. G. Moore

Hydraulic Institute Pipe Friction Manual

EXAMPLE NO. 1

Determine pipe sizes and pressure loss for a steam
system having the following data:

150 psi
0.00017

1. Absolute pressure at entrance
2. Surface roughness of piping system

3. Specific weight of steam

at entrance 0.3316 Ib/cu ft

4. Viscosity in centipoise 0.0158
5. Maximum velocity 11,000 fpm
6. Maximum pressure loss 3.5 psi

Run No. 1.02* 1.02 F. HO

10000, 0o aE
Flow 10,000 Ib/hr 750" 5y am
Piping length 250 ft 0. oo DIA
K factor for 3.5 |f|: 00 250 L
fittings 0. 00 35 FF
Run No. 2.03* ) 2,03 F. HO
Flow 71,000 I/hr = 10HC- DO WE
Piping length 150 ft I 11_”—1:5:: :E::EI I!Ifg
K factor for 1.5 0. 0o 1Se L
fittings 0,00 15 FF

*These outputs have been obtained from Program UP-3. See page
295.

EXAMPLE NO. 2

Determine pipe sizes and pressure loss for hot water
system having the following data:

350°F.
.00013

1. Water temperature
2. Surface roughness of piping system

3. Specific weight of water at design 55.29 Ib/cu ft
condition

4. Viscosity in centipoise 0.16
5. Equipment pressure loss 3.27 ft
6. Maximum velocity 7.5 fps
7. Maximum pressure loss 4 /100 ft

Run No. 1.02* o Loz F. HO
F!ow 2500 gpm E,;:::: ::: ::: ::: :j"ﬁ
Piping length 139 ft A AR IIR
K factor for 2.9 0. 00 139 L
fittings O,00 29 FF
Run No. 2.03* Z. 0z F. HO

=700, 00 HE
F!ow 1800 gpm 1200, 00 @M
Piping length 120 ft 0. 0o DIIA
K factor for 3.7 0. 00 '2e L
fittings .00 33 FF

*These outputs have been obtained from Program UP-3. See page
295.
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EXPLANATION OF LABELS & SUBROUTINES

Label Function

INV  Prints alphanumeric identification of data
LNX Prints questioning, prompts, and partitions

E’ Resets flag 1, stores initial value of f as .03,
clears registers R16 and R29, prints prompt
CP;

with R/S, prints and stores display in R24
and prints CV;

with R/S, prints and stores display in R23
and prints CQ;

with R/S, prints and stores display in R22
and prints e;

with R/S, prints and stores display in R18
and prints DS;

with R/S, prints and stores display in R19
and prints VS;

with R/S, prints and stores display in R20
and prints GL;

with R/S, prints display if zero goes to SBR
CLR, otherwise sets flag 0

CE Prints CP, CV, and CQ

CLR Sets and resets flag 0 for gas; prints PA;
with R/S, prints and stores display in R25

A Prints display and R No.

Calls SBR — and stores display in R11

C Calls SBR SBR; converts flow to Ib/hr using
R22; computes and prints velocity; computes
and prints pressure drop/100 ft

EE Computes f

=

1/X  Reiterates for computing f
STO Reiterates for computing f
VX Stores 0.031 in R27 if flow is laminar

RCL Computes pressure drop/100 ft; if flag 1 is
set goes to SBR ), otherwise prints value

SUM Prints PD/C

— Prints DIA

SBR  Prints Q

RST Prints V

D itores display in R13 and prints display and

E Stores display in R14; prints display and FF;

YX

R/S

PP-1 GENERAL PIPING SYSTEM DESIGN PROGRAM 9

computes friction and dynamic loss; prints
values; calls SBR Y*

Adds and totalizes pressure drop in R16; if
flag 0 is set goes to R/S, otherwise adjusts
specific weight for new pressure

Stops

Prints and stores displays in R13; prints
VM; converts R13 to velocity in FPS; sets
flag 1; computes flow for 1-in. pipe and
stores in R06

Prints and stores display

Computes flow for a given pipe; computes
pressure loss using SBR EE and if higher
than limit goes to SBR ), otherwise corrects
flow units and prints data

Reduces velocity and flow in proportion
required and prints data

Prints data

EXPLANATION OF STORAGE REGISTERS

Register Function

R0O0  DSZ for solving value of f

RO1 Not used

R02 STO and RCL IND

RO03  For solving value of f

R04  For solving vlaue of f

R05 PD/C

R06 QV1 = flow for l-in. pipe

RO7 1N

RO8  3.24 x ¢/D

R09 1EE-3

R10  Reynolds number

R11 Diameter

R12  Flow

R13  Length; also velocity VM

R14  Fitting factor

R15  For adding or deducting pressure
drop

R16  For total pressure drop

R17  Velocity maximum

R18 e,roughness

R19  Density, Ib/cu ft

R20  Viscosity

R21  Velocity

R22  Constant for input flow conversion

R23  Constant for velocity conversion

R24  Constant for PD conversion

R25  Absolute pressure

R26  Limiting PD/C

R27 f

R28  Not used

R29  Alphanumeric code
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SPECIAL NOTES FOR HP-97 USERS

1. As shown in the “User Instructions and Examples,”
some of the fixed data has to be input directly
through the keyboard. This should be done with
the printer in the TRACE mode so that proper
record is kept of the data.

2. The program has two flags:

Flag 0— Set flag 0 for liquid. Clear flag 0 for gases
and vapor.

Flag 1— Set flag 1 for pipe sizing. Clear flag 1 for
pressure loss calculations.

Flag 1 is set automatically, by input under “Labels.”
Both the flags have to be cleared manually.

3. The totalizing register R9 should be cleared man-
ually prior to starting a new problem.

PP-1

GENERAL PIPING SYSTEM DESIGN PROGRAM 13
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HP-97 EXPLANATION OF LABELS & SUBROUTINES

Label Function

a Prints display (maximum velocity); divides by
RB and stores in R4; sets flag 1

b Prints display (pressure drop/100 ft); divides
by RC; and stores in R3

A Prints display (run no.)

B Prints and stores display (diameter) in R2; if
flag 1 is set goes to SBR 8

C Prints display (flow rate); calculates and
prints velocity and continues through LBL 5
Calculates Reynolds number; if < 2100 goes
to SBR 0; continues through LBL 1

1 Calculates f

3 Calculates and prints friction loss/100 ft

D Prints and stores display (length) in R4

E Prints display (fitting factor); calculates

D o s~ O

g

dynamic pressure loss and frictional pressure
loss; prints total pressure loss; totalizes in R9
and prints running total; if flag 0 is set goes
to SBR 4, otherwise calculates revised
absolute pressure for gas

Calculates value of equation 1.5
Stops execution
Recalls R4; stores in R5; goes to SBR 5

If R3 is more than calculated pressure, goes
to SBR 7, otherwise computes revised
velocity

Goes to SBR 9 and prints R6

Calculates and prints flow and velocity

HP-97 EXPLANATION OF STORAGE REGISTERS

Register Function
RO Absolute pressure

R1 Viscosity

R2 Diameter

R3 Pressure drop/100 ft criteria
R4 Maximum velocity

R5 Velocity

R6 f; calculated PD/C

R7 Reynolds number

R8 Variable

R9 Total pressure drop

RA Constant for input flow conversion

RB
RC

RE

PP-1

Constant for velocity conversion

Constant for pressure drop conversion

Density, Ib/cu ft

e—Roughness factor

(HP-97) GENERAL PIPING
SYSTEM DESIGN PROGRAM
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PP-2

WATER PIPING SYSTEM DESIGN PROGRAM

GENERAL DESCRIPTION

As explained under Program PP-1, Program PP-2 has
the same features, but is based on the Williams-Hazen
formula which makes it operate faster. This formula
gives accurate values for water temperature at about
60°F. However, the results are reasonably valid for
HVAC and Sanitary Engineering for water tempera-
tures from 40 to 180°F. A comparison of the two
programs, PP-1 and PP-2, is given under reference
data. For further description, the user should read the
description for Program PP-1.

EQUATIONS

1.85 1.85
hs=0.002083 x L x (%) X % [1.9]
where

hs = Friction head loss in feet of water

d = Inside diameter of the pipe in inches
Q = Flow in gpm

L = Length of pipe in feet

C = Constant for inside pipe roughness

Ifd = 1in.,and L = 100 ft,

1.85
hs=0.002083 x 100 X (100)"85 x (%)

_ g!l 1.85
= 1044( C

or Qs = (hs/1044)11-85 x C [1.10]

where
Q1 = Flow through l-in. pipe for specified friction
loss/100 ft

m_ (d)
Q =V X -4-)( (1—2-) X 60 X 7.48 =d% x V/.41 [l.ll]

where
Q = Flow in gpm
V = Velocity in fps
d = Inside diameter of pipe in inches
60 = 60 sec/min
7.48 = 7.48 gal/cu ft

Ifd = 1in.,
QV,=V/41

where
QV, = Flow through l-in. pipe for specified
maximum velocity in fps

Also from equation 1.9

Q' _ Qn'®

X - 4.
dy*87 d,*%

Ifd =1 in.,

[1.12]

4.87
Qs2=0p X d,"*®
= Qndy>®
where

Qs = Flow based on friction loss through pipe
with inside diameter d,

From equation 1.11

Qv do?

Qn d?
Ifd, = 1in,,
Qve = Qw1 X d?

where
Q2 = Flow based on velocity through pipe
with inside diameter d.

[1.13]

2
Head loss through fittings = K % [1.14]
where
K = Total fitting K factor or dynamic loss coefficient
V = Pipe velocity in fps
g = Gravitational constant 32.2 ft/sec

OPERATING FEATURES

This program has the same operating features as
program PP-1 and is based on one flag only.

1. No flag—program calculates friction head loss.

2. Set flag—program can be used for pipe sizing in
the following alternate modes:

a. Given the gallons per minute, friction head loss,
maximum velocity, and length, the program cal-
culates the pipe inside diameter in inches.

b. Given the pipe inside diameter, friction head
loss, maximum velocity, and length, the program



PP-2  WATER PIPING SYSTEM DESIGN PROGRAM 21

calculates flow in gallons per minute or, if re- and PP-2, users could develop C values suitable for
quired, a table of pipe diameters and flows. their applications.

C VALUES FOR DESIGN PURPOSES
REFERENCE DATA

The data for dynamic loss coefficients for fittings can Pipe Material ¢

be obtained from the Hydraulic Institute Pipe Friction Plastic pipe 150
Manual. . i Cement asbestos 140
Suggested C values for different pipe materials are Copper, brass, tin, and lead 130
given below. For additional information, refer to ASH- Steel closed circuit with water treatment 140
RAE Handbook of Fundamentals. Steel open circuit without water treatment 100
After studying the comparison of Programs PP-1 Cast iron 100

COMPARISON OF FRICTION LOSS CALCULATIONS—FOR WATER SYSTEM

Pipe Flow Pipe PP-2 PP-1 e =.00015 ft for steel pipe
Run Dia. Rate Run Fitting
No. (in.) {gpm) (ft) Factor C=130 C=140 40°F  60°F 80°F 100°F 150°F 200°F
1.02 12.00 3,546 25 0.75 1.85 1.77 1.82 1.79 1.77 1.75 1.70 1.66
2.03 10.02 1,797 30 1.10 1.46 1.39 1.44 1.41 1.39 1.37 1.34 1.30
3.04 10.02 1,690 16 0.09 0.33 0.29 0.32 0.30 0.29 0.29 0.27 0.26
4.05 7.98 1,193 12 0.30 0.58 0.54 0.57 0.56 0.55 0.54 0.52 0.51
5.06 7.98 1,086 29 0.10 0.70 0.62 0.68 0.66 0.63 0.61 0.58 0.56
6.07 7.98 979 29 0.10 0.58 0.51 0.57 0.54 0.52 0.50 0.48 0.46
7.08 3.07 107 10 1.90 0.95 0.91 0.96 0.94 0.93 0.91 0.88 0.86
8.09 3.07 107 13 0.15 0.45 0.40 0.47 0.45 0.43 0.41 0.39 0.37
9.10 3.07 101 12 0.15 0.38 0.34 0.40 0.38 0.36 0.35 0.32 0.31
10.11 3.07 96 12 0.15 0.35 0.31 0.36 0.34 0.33 0.31 0.29 0.28
Friction loss = 7.64 7.09 7.59 7.37 7.20 7.05 6.79 6.58

EXAMPLE NO.1
Calculate the pressure loss in the piping system shown 55
in Figure No. 1. 4
C =130 "o
2
0. 00 2,03 F. HO
40. 00 aE
25, 00 oM 15
0. oo IIn
1.02 F. HO 0, 0049 L
55. 00 Qe 0.0075  FF 3 |28
55,00 aM
0. 00 DIA P .
0. 007% L ot [IE:I";I R gg
0.0015  FF 130, 00 ar 30
0. 00 IIA
0, oo L
0. o0 FF

The top part of the
diagram illustrates
use of Program UP-3.
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26 PIPING DESIGN PROGRAMS

EXPLANATION OF LABELS & SUBROUTINES RO6 Total pressure drop 2PD

Label Function RO7 VMAX

E’ Initializes RO8 PD/C

A Prints R No. RO9 C value

B Prints and stores DIA R10 For storage of alphanumeric code
C Prints and stores GPM; calculates velocity RII Calculated value of PD/C

and FPS; calculates friction loss/100 ft;
prints PD/C
D Prints and stores length L PP-2 WATER PIPING
SYSTEM DESIGN PROGRAM

E Prints and stores fitting factor; calculates
friction loss for L and fittings; sums friction LABELS & 0zs 12 E
loss and prints SUBROUTINES OZe 42 =TO
oot 10 E® i o1l ol
A’ Prints and stores VMAX; calculates QV2 oo0e 11 A 0 3o T
= ] 3 s
B’ Prints and stores PD/C; calculates Qf1 E :E: :El ; i
C’ Prints and stores C value o L. U= =
E [ o4 4
D’ Without flag, prints and adds equipment A* i a1 1
pressure drop; with flag 1, goes to SBR E: ' [ise JE R
X=T ct e 5

=

INV Prints alphanumeric characters to identify
answers

LNX Given diameter, calculates low in GPM 43
: c13 o4
CE Calculates absolute difference between two 405 ::: 4%
numbers iz
CLR Given GPM, calculates diameter ij; :::ji
X=2T  Prints table of pipe diameters for integer D4e
sizes LISTING 047 L
o000 TE LEL 043 z
VX Prints table of pipe diameter from 2.5 in. ool 10 E" g3 z
down, decreasing by .25 in. N N 0= 3
ooz 42 5TO0 05 3
STO Sums or deducts pressure drop ood 08 & a5z 3
. ooas 33 FRT 053 ]
RCL Prints PD/C 00 oo /Oy 0S4 42 =70
ooy 31 RS 0ss 10 1o
ooz ¥e LEL 05e 71 SER
oo i1 A 057 22 IHY
i 32 89T 0ss 27 IFF
EXPLANATION OF STORAGE REGISTERS ol z CEER-E
Register Function :E: i ; 3 :E: ZE ;: : ]
.. o015 = oez 04 4
ROO Counter for DSZ for piping table 016 i DE: io01 1
RO1 Pipe diameter oLv 4 Qe 83
ois z oee 43 RECL
RO2 Flow in GPM ois TO OEF 0r 02
Q20 I aeE 55 <
R03  Velocity and QV1 o] oE hea 33 RrL
THY oyo oi oi
R4 Length 5 071 33 uE
RO5 Fitting K factor fE LEL oFz 5 '
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HP-97 EXPLANATION OF LABELS & SUBROUTINES R4 Length
Label Function R5 Fitting factor per diameter or equipment
pressure loss
0 leer} diameter, computes flow based on R6 Total pressure drop
velocity and pressure loss; selects smaller of
two; clears flag 1; goes to SBR C; sets flag 1 R7 QVI1—flow through 1-in. pipe based on
1 Given flow, computes diameter based on velocity
velocity and pressure loss; selects larger of R8 QPl—flow through 1-in. pipe based on
two; clears flag 1; goes to SBR B, SBR C; pressure loss criteria
sets flag 1 R9 C value

Totalizes pressure drop in R6

Recalls R5; stores in R1; reiterates to print
table of pipe diameter, flow rates, and

1 ing SBR B, LBL 5, and LBL
pressure foss using an PP-2 (HP-97) WATER PIPING

SYSTEM DESIGN PROGRAM

4 Computes absolute difference between R4
and R3 LISTING 839 ‘ 3 XY
e Clears register R6; prints zero ggé ’E:.:i 3; :u' g:? 1;": ;'1:
A Prints display (run no.) gaz he 53 842 5704 ;‘5 a4
f (CLT 3¢ &7 843 RCL3 6 83
B Prints and stores display (diameter) in R1; if gg: RL_.:_; o_;g a 4:; u; -55
flag 1 is set goes to SBR 0 @66 ST03 35 83 @45 G5B4 23 64
C Prints and stores display (GPM) in R2; if flag ~ 887  RCLi 36 &i 846 t -5S
1 is set goes to SBR 1; computes and prints 683 z éc a47 g 6z
velocity and pressure loss/100 ft aas . -&2 a48 3 -24
. . . 616 & gc 843 CFl le z& #é1
D Prints and stores display (length) in R4 811 3 83 458  CSBE 23 iz
E Prints and stores display (fitting factor) in ere R e 851 RCLZ Eé 8z
R5; computes and prints dynamic and 613 RCLs 3o &c 5z gsBL 23 13
friction loss; goes to SBR 2 614 & -33 833  SF1 le &1 61
. . . B15  5T04 35 84 as4 SFC 16-11
a Prints display (velocity); computes flow 816 RCL3 35 &3 855 RTN 24
through 1-in. pipe based on input velocity 817 + gz 856 &LBEL? 21 82
and stores in R7 818 6SB4 23 @4 @57 ST+ 35-55 86
b Prints display (pressure drop/100 ft); 813 - -43 858 RCLé 36 86
computes flow through 1-in. pipe based on aze 2 bz as59 PETfj ‘_-H
input pressure loss; stores in R8 821 z -24 1Y) SFC l6-11
. . . B2z CFi 1&g iz 6l 81 RTN &4
C Prints and stores display (C value) in R9 A23  GSBC 23 i3 862 #LBL3 zi a3
d Stores in R5; if flag 1 is set goes to SBR 3, 9-':.-:4 :?F{ le ‘-1_ E'f 9€3 65&5 §5 35:
otherwise prints display and goes to SBR 2 ] aFC lo-11 864  STOI 335 e
eze RTH 24 863 1 ai
827  kibLI 2l 6i @66 5T+5 35-35 85
828 RCLZ2 36 B2 @67 kLBLS 21 85
829  RCLT 3o &7 868 1 8i
HP-97 EXPLANATION OF STORAGE REGISTERS az6 = -24 869 5T-5 35-45 85
asi A 54 8r8 RCLS 3o 63
Register Function @32 5702 3563 @71 6SBE 23 12
833 RCL:Z 3o 8z 872 DSZI 16 25 46
RO Pressure los/100 ft @34 RCLE 36 88 @73 6105 22 85
R1 Pipe diameter @35 : =24 674 1 a1
. 836 2 8z 875 5 6a
R2 Flow in GPM 837 . -6z 876 STOI 35 46
R3 Velocity 838 () be 8rs Z 8z
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8739
488
881
a8z
a83
a84
885
886
887
888
889
ase
891
892
893
894
895
89%%6
897
698
899
168
181
182
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188
169
118
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128
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136
131
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133
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PIPING DESIGN PROGRAMS

-6

ar

85

39 835

Zi 6o
-6z

8:

a5

33-45 85
36 65
23 1z

16 25 46
22 86
24

21 84
3o 84

36 83
-45

le 31

24

2l 1e I3
aa

33 8c

le-11

136
137
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139
148
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PIPING SYSTEM VOLUME AND EXPANSION TANK SIZING PROGRAM

PROGRAM DESCRIPTION

This program will calculate the volume of a piping
system in gallons by determining the volume in each
piping branch and adding it up. The volume of the
heat exchangers, coils, and other equipment can also
be added up.

Given the volume of a piping system, the program
can determine the volume of open and closed expan-
sion tanks for hot-water heating systems.

The formula for relative expansion of water has
been developed by use of a curve fitting program.

EQUATIONS

X d?
Pipe area in sq ft (A) = WST-

6 [1.15]

where

d = Inside diameter in inches
Pipe volume in cu ft (C) = A X L [1.16]
where

L = Length in feet
[1.17]

[1.18]

Pipe volume in gallons = C X 7.48
Expansion tank open (Vi) = Vs X E

where
V, = Volume of water in system
E = Relative expansion at operating temperature

VtO

Py +P Py +P
Expansion tank closed (V) = Po +P1 - Po +p;
o +P; 0

[1.19]

where
P, = Atmospheric pressure at site
P, = Gauge pressure in expansion tank when water
first enters the tank
P, = Initial fill or minimum pressure gauge
P; = Operating pressure gauge

Relative expansion of water E
- (97 ¢To— 18) X .000446 __ 1)

To—250
-h- ( 150

)abs x .02] [1.20]

where
T, = Operating temperature in degrees F

OPERATING FEATURES

Input for expansion tank calculation can be in any
units for volume and pressures. However, input for
temperature must be in degrees F.
Input for system volume and operating tempera-
ture is combined in decimal format—xxxx.xxx.
Integers represent volume while fractions represent
temperature. For example:

1000.099 represents 1,000 gal
99°F

5400.375 represents 5,400 gal
375°F
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EXPLANATION OF LABELS & SUBROUTINES R13 PO + P1 _ PO + P1
PO+ P2 PO+ P3
Label Function
R14 For storage of alphanumeric code
A Prints run no. .
R15 For storage of decimal places
B Prints and stores DIA; calculates and prints
G/FT, gallons per ft of pipe
C Prints L in ft; calculates and prints GAL and
2GAL, running subtotal of gallons PP-3 PIPING SYSTEM VOLUME AND
E Prints equipment or error gallons; adds or EXPANSION TANK SIZING PROGRAM
deducts from the total volume and prints LABELS & as3 71 SER
2GAL | SUBROUTINES 2z IHY
A’ Separates volume and temperature input; ot 11 A 23 HE
prints GAL and TEMP; calculates size of :::“';: i: Ef - A
open expansion tank and prints GAL E,: = E fe 1
B’ With three R/S, accepts and prints PO, P1, } 13 . : bev
P2, and P3 and calculates volume of closed 21 - 3 - .
expansion tank = IHY :::'i’ f
E’ Initialize program : I:E?i S50+
C a5 5
INV  Prints alphanumeric characters to identify CLE o7 7
data 08 &
95 =
LNX  Prints GAL LISTING 4z 570
CE Adds or deducts equipment or error gallons, o LI.?F‘ LEL ';' . 'E'$
CLR  Prints P1, P2, and P3 Ohe g2 AT o2 2
L= o ] e e
Qo4 3 ik ’E
|;| l;l Ex l;l D 1 1
EXPLANATION OF STORAGE REGISTERS hae H 7 03 3
Register Function :51 Ii E: o :E: ';' E: ‘;’3 'IE
01 =70 Qe oz oz
ROO Not used 012 14 EIE-;_' 47 =70
ROI1 Not used 01z £ 063 15 15
014 =10 0E4 71 SER
RO2 Gallons per foot 015 15 055 22 IHY
oie 71 SEE O&EE 95 ADY
RO3 2GAL 017 22 IHY OEF 91 ReS
ois 91 RS ] TE :
RO4 GAL 015 76 LBL ﬁ:-i,%: 1% LEL
RO5 Temperature gz 1z E::T 0 32 K
R0O6  Not used " -
RO7 Not used E “;’i SIE
RO8 PO 4 -
1 42 570
RO9 P1 i 1% 1=
RIO P2 “le 52 T
RI11 P 2 £S5 =
3 =70 4% ECL
R12 Volume open expansion tank 15 o2 o0z
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HP-97 EXPLANATION OF LABELS & SUBROUTINES

Label Function

0 Totalizes in R3; prints value of R3

A Prints display (run no.)

B Prints display (diameter); computes and
prints gallons per foot

C Prints display (length); computes and prints
gallons for pipe run and total gallons

E Prints display (equipment gallons); goes to
SBR 0

a Accepts input in decimal format; separates

volume, stores in R4; temperature in R5;
calculates and prints size of open expansion
tank

b With three R/S, accepts and prints input (PO,
P1, P2, and P3) and calculates volume of
closed expansion tank

e Clears register R3 and prints 0

HP-97 EXPLANATION OF STORAGE REGISTERS

Register Function
RO Not used

R1 Not used

R2 Gallons per foot
R3 Total gallons
R4 Gallons

R5 Temperature
R6 PO

R7 P1

R8 P2

R9 P3

PP-3 (HP-97) PIPING SYSTEM VOLUME
AND EXPANSION TANK SIZING PROGRAM

LISTING 867 aLBLA i il
661 #LBLE i & @65  PRTX -i4
ez ST+3 @63 RTW 24
263 16 ¥BLE  Zi 12
AG4 @11 FRTH -i4
205 p1z xE 52
a6g a3 P 16-24
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SPC
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*LBLC
PRTA
RCLZ

FRTx
65Bd
RTH
%LELE
FETH
GSB&
RTN
¥LELa
ST0S
INT
ST04
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FRC
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DP-1
AIR DUCT SIZING PROGRAM

GENERAL DESCRIPTION

This program can be used for sizing supply, return,
and exhaust air duct systems based on constant friction
loss per foot of length for the entire system. Further,
the designer has a choice of limiting the maximum
velocity. In this manner, the design velocity will not
exceed the maximum velocity limit while below the
limiting velocity, the ductwork is sized on constant
equal friction loss per foot of length, and the velocity
is reduced automatically.

(It is suggested that the designer first use program
UP-3, to add branch air flows and to define the
distribution network.)

The program can automatically select round or
rectangular ductwork.

The program is designed to calculate and print out
external ductwork dimensions. In other words, thick-
ness of lining is added to the internal dimension. The
designer has the choice of specifying the roughness
coefficient for the internal surface to compensate for
the friction loss of different types of linings.

The calculated duct dimensions are increased by
0.9 in. and then rounded off to the nearest integer in
inches.

In order to optimize the sheet metal, the program
for the rectangular duct will first try to select the
square duct to fit within the depth available. Should
this not be possible, it will calculate the minimum
width based on the available depth.

The program also calculates cfm for any given duct
size to satisfy maximum velocity and equal friction loss
criteria.

AIR DUCT DESIGN
PROGRAMS

EQUATIONS

L \% 1.82
AP=.03XfXﬂx—MX(m) [2.1]
where

AP = Friction loss, in. w.g.
f = Interior surface roughness coefficient
L = Length of duct in feet
d = Duct diameter in inches or equivalent
diameter for rectangular or flat-oval ductwork
V = Velocity in fpm

V= (Q X 576)

T X d?

TXd2XV
Q="%7%
where

Q = Flow in cfm

[2.2]

Substituting V in equation 2.1,

_ M Q X 576 1.82 1 1.82
AP = .03 x f X (ﬂ ” dm) X ( & ) X (1000)

If L = 100 ft,

_ Ql.82 1 _ f Q1.82
AP =3 X f X iw X 37,92 ~ 7.31 X 479
Ifd =1in.,
1
Q= AP \1s:
P87 f
where

Qp1 = cfm for l-in. diameter duct based on
pressure criteria
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4.86

Qp:=Qp X dzm =Qp1 X d*¥

where
Q p2 = cfm for duct d; based on pressure criteria

From equation 2.2, whered =l in.,

VXm
Qv =578

where
Qv: = cfm for 1-in. diameter duct based
on velocity criteria

Qv =0Qw X d?

where
Qv = cfm for duct d; based on velocity criteria

The program calculates the diameter based on Q p,
and Qy; and selects the larger of the two diameters.

.625
Rectangular duct (De) = 1.3 % [2.8]
For square ducta = b
_qgq@XxXa)™
De = 1355 55— = 1.09a
_ De
or 2= To9
If value of b is small,
.625
De =~ 1.3 x % = 1.3 X a¥x b [2.4]

where
De = Diameter of equivalent round cut
a = Width of rectangular duct, in.
b = Depth of rectangular duct, in.

The program calculates b for rectangular ductwork by
reiteration, which converges rapidly, since the assumed
value of b is corrected by multiplying by

De 2
calculated dia.

till De equals the calculated diameter.

X d?
Area of circular duct in sq ft = T [2.5]
576
where
d = Diameter in inches
. aXb
Area in sq. ft. of rectangular duct = [2.6]

144

OPERATING FEATURES

The input under Label B is in decimal format; the
decimal part is for depth available. For example,
6000.16 will mean 6000 cfm; depth available (DA) =
16 in. If no decimal input is provided, the program
will automatically compute for round ductwork.

In the same manner, input for Label C is in decimal
format; for example 40.16 will mean the duct is 40 in.
wide by 16 in. deep. If decimal input is not provided,
the program will automatically compute for round
ductwork.

The output of duct dimensions for Label B is also
in decimal format, similar to input for Label C.

Further, the program computes duct diameter and
width in increments of one inch. If designers wish to
have any other increment, alternate sizes can be in-
vestigated by them by inputting through Label C.

REFERENCE DATA

Suggested values for roughness coefficients for inter-
nal duct surfaces are given below:

Material f

Aluminum or galvanized ductwork

without lining 0.9
Lining of medium roughness 1.35
Very rough lining 1.90

Based on the interpolation of data in ASHRAE
Handbook of Fundamentals.



47

AIR DUCT SIZING PROGRAM

DP-1

Hidd4
1M
HiI
K43 O0asT g - - 0¢°000SL 3|qejieAe yidap pue wyd 1aul| ‘g
10
Hid4
"3|qejieae yidap ayy .04
UIYLIM 11} UeD 11 41 10Np alenbs W44
109|3s ||Im wesboid ay| i
HiI ¥
W42 oSt g - - 8%°000G1 a|jqejiene yidap pue wyo Jalugj| ‘g
J-04d 10
JHd4
HII
0 W g - - 000S1 wyd 19uz| L
10np Jejnbueldas 10
uo paseq A1100]9A abesany Hidd4 BEOT
do04 oot o
Jid4d ELE
W4a
J91awelp 1udjeAainby HIg
T 0} - - clve suoisuawip 1onp Ja1ug| ‘g
10
1} 00L/sso| uonoli4 Jedd o0
10Np "2410 10} A1I20 B A 44 S
W42 =
HI{d "z 0] - - cl Jajawelp 10np J181ug| °g
H .a pug — 0 “ul ‘ssaudjoiyl buul Jaug| p
TN Ke) pug — 6 *44800 ssauybnou buluij saug| g
("suonoas jenpiAipul oo .9 pug — 1 1} 001/SSO| uoOnOLY WNWIXew Jaiug| g
Buizis 104 sajdwexa smoys) X AV pug — 0081 wdy ‘A1190]9A winwixew Jaug| -
| ajdwex3y
uoneuejdxy INQ julg ssaad J93u3 2inpadoid |deig

OML :spie) jo JaquinN  S3TdINVX3 ANV SNOILONHLSNI H3sSN

WVHOO0dd DNIZIS 109Nna HIv
L-dd



AIR DUCT DESIGN PROGRAMS

48

P
b

1
_”

w tL
]

- ]

‘paJinbai se ssw

T -0
_W_: _w“n. ¢m_ u M Auew se g 1 g sdels 1eaday
HIT bz
CE M o g - ¥2°0050L UYrdap pue wyd Jarug 9
OH- 4 20 v - co'L ‘ou unJ Jsg g
Hi-T 000 a pug 0 "ul “ssauxjaIyy Bulul Jelug [y
4307 O0e "0 D pug 6 "$4800 ssauybnou bujuy| Jeiug g
05T "0 .8 pug SL 14 001/ss0] uon3dLy Wnwixew lsug ['g
oSt A4 pug 008l wdy “Ayoojan winwixew Jajug ||
Hid4 1 wsa3sAs 1onp e Buizis Jo ajdwexy
0
44 I
O ] 15T ¢ 9jdwex3
HII
I 0214 o) - 0c’LL suoisuawip 4auz ['L|
'$s9004d 40
-Buipunou 01 anp /7 dais 1apun a-104 080 1
umoys auo pue sajdwexa omi 44 A0
858y} JoJ qualsalip Ajybi|s K40
S| wyo parndwo) a0 HIT o) - 6E Jalawelp Ja1ug oL
B 10
uoneuejdxy InQO Jung ssaid J93u3z 8inpedoiq |ders

OML :SpJeD o Jaquinp

S3TdNVX3 ANV SNOILONYLSNI H3SN

INV450Hd DNIZIS 1oNa HIV
(panunuo)) |-da




EXPLANATION OF LABELS & SUBROUTINES

Label Function

A’ Stores and prints VMAX; calculates and
stores QV1; partitions program

B’ Stores and prints PD/C

C’ Stores surface roughness coefficient;
calculates and stores QP1

D’ Stores and prints lining thickness; doubles
and stores lining thickness

A Prints R No.

B Accepts CFM and DA (depth available) in

decimal format; separates two; if DA is not
zero, sets flag 0 for rectangular ductwork;
goes to SBR LNX

INV Prints alphanumeric characters for
identification of data

LNX Calculates diameters for round duct based
on QV1 and QPI; selects larger of two;
rounds out to nearest integer after adding
0.9 in.; adds lining thickness; prints DIA;
calculates and prints FPMC; calculates and
prints PD/C; if flag 0 is set, goes to SBR CE

CE Calculates size of square duct; compares
with DA; if square duct can fit goes to SBR
X2, otherwise calculates width, based on
duct depth as DA; uses SBR VX for
reiteration to accuracy of 0.01 in.
(operating time can be reduced by
accepting less accuracy); calculates W.D by
rounding out to nearest integer after
adding 0.9; adds lining thickness; prints
W.D; calculates and prints FPMC; calculates
and prints PD/C; calculates and prints
FPMA

CLR Calculates and prints FPMC (velocity in feet
per minute based on circular duct)

X=2T  Calculates and prints PD/C (friction loss/100
ft)

X2 For square duct makes W.D equal; prints
W.D; calculates and prints FPMC, PD/C,
FPMA

1/X Calculates equivalent diameter for given W
and D

STO Corrects interim value of calculated
equivalent diameter for reiteration

RCL Changes net size of W and D to external
size by adding lining thickness; arranges
and prints W.D

SUM

Y
EE

GTO

DP-1 AIR DUCT SIZING PROGRAM 49

Calculates and prints FPMA (velocity in feet
per minute for average rectangular duct)

Prints PD/C
Prints W.D
Prints CFM
Prints DIA

Calls SBR ); deducts lining thickness; uses
SBR GTO

Calculates QV2; QP2; selects smaller of
two; uses SBR CLR and SBR X=2T

Checks for decimal input; if zero, goes to
SBR -, if not zero prints W.D; computes
net W and D after -deducting lining
thickness; uses SBR 1/X, SBR ), and SBR
GTO; adds lining thickness and uses SBR
SUM

EXPLANATION OF STORAGE REGISTERS

Register Function

ROO Not used

RO1 Duct surface roughness coefficient

R02 VMAX

RO3 QVl1

RO4 PD/C

RO5 QPI

RO6 Lining thickness L/TH

RO7 CFM

RO8 DA; also width

RO9 DIA based on velocity; CFM based on
velocity

R10 DIA based on PD/C; CFM based on
PD/C

R11 Equivalent DIA from CFM

R12 Depth

R13 Calculated equivalent diameter

R14 W.D

R15 D

R16 Not used
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R17 Not used

R18 Alphanumeric code for printing

R19 For storing decimal places

DP-1 AIR DUCT SIZING PROGRAM

LABELS &
SUBROUTINES
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HP-97 EXPLANATION OF LABELS & SUBROUTINES HP-97 EXPLANATION OF STORAGE REGISTERS
Label Function Register Function
e Calculates QV1 (CFM through 1-in. RO VMAX
diameter duct) based on velocity; stores in o
RB; calculates QP1 (CFM through I-in. R1 Friction loss/100 ft
diameter duct based on friction loss); R2 Duct surface roughness coefficient
stores in RA o )
R3 Twice lining thickness
A Prints display (run no.) R4 576 = 1
Prints and stores display (CFM) in RI; R5 Diameter based on velocity
calculates diameter R5 based on velocity . L.
and friction loss R6; if R5 > R6, goes to R6 Diameter based on friction loss
SBR 0 R7 Dimension of square duct; also
1 Calls SBR a; adds R3; calls SBR 2 and calculated duct depth
SBR 3 R8 Not used
C Prints display (depth available); deducts R9 Not used
R3 and stores in R5; computes size of RA QP1
square duct R7; if R5 > R7 goes to SBR 4
RB QVli
5 Using SBR 6, computes width of RC Net di t
rectangular ductwork; adds R3 and prints ¢t diameter
RD CFM based on velocity
D Prints display (diameter); deducts R3 and -
stores in R6; calculates CFM based on RE CFM based on friction loss
velocity RD; calculates CFM based on RI CFM
friction loss RE; if RD is smaller than RE,
goes to SBR 7
8 Goes to SBR a, prints results, stores in RI;
stores RC in R6 and goes to SBR 2 and
SBR 3 DP-1  (HP-97) AIR DUCT SIZING PROGRAM
E Prints display (duct width); deducts R3 LISTING o 821 !
with R/S, prints display (duct depth), aaz SFL_ le-il 823 Rik o4
deducts R3, stores in R7, calls SBR 6, 863 5FC ic-il 824 ¥LBLA 2l 1
adds R3, and goes to SBR a P84  RCLE 3¢ 6o 825 FRTX -14
@83 Riis 3¢ &4 826 RTH 24
a Adds 0.9 and finds nearest integer ads ex -5 27 %LELE cload
) ears  STOE 35 ic 828  FRTH -id
0 Stores R5 in R6 and goes to SBR 1 aes  RCL: 36 8i 829  57GI 35 46
. Bas . -&Z @836 RCLE 36 i2
2 Calculates velocity for round duct 616 ] &l a3i z -24
1 3 &2 a3z s o9
3 Calculates friction loss/100 ft gi&‘ n g7 @33 STGS 35 ‘55
. . 813 : -i4 834 RCLI 36 58
4 Goes to SBR a; adds R3 and prints (size 814  RCL: 36 @: 835 RCLA 35 11
of square duct) 815 = -24 a36 = -24
81e i él a3r . -6&
6 Calculates diameter of equivalent round @17 . -6l 638 3 83
duct ai1s S g& a3s 7 E7
G61s P & a4d ] &5
7 Stores RD in RE and goes to SBR 8 62e 18 5 841 ¥ 2!
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64z 5706 35 Ee 898 RCL3 36 &3 154 5706 35 &6 198 + -55
843  RCLS Jo &3 899 - -45 155 GSE: Z3 @il 191  FRT¥ -14
844 XVT 16-34 188  ST0C 35 12 156 RTH 24 192 PRTH -4
845 ET08 £Z 66 181 HE =2 157 &iBLZ Z1 8z 193  SPC 16-11
646 xLBLI zl &l 182  RCLE 36 1z 158  RCLI 36 46 194 RTN 24
847 RiLe 3o EE 183 X -35 159  RCL% 36 84 195 «xLBLE Z1 @€
848 5SBa 23 i6 i 184  5TOC 35 i4 168 X -35 196 RCLS 36 65
@49  RCL3 36 &3 185 RCLC 36 12 161  RCLE 36 &8 197  RCLT 36 &7
858 + -55 186 z az 162 HE 53 198 X -35
851  FRTH -4 187 . -5z 163 z -24 199 . -62
852 6S5EZ Z3 6 188 & éc 164  PRTX -4 260 6 85
853 6S5EB3 z3 a2 185 7 &7 165  RTH i4 261 z 82
854  SFC i6-11 118 ¥¥ 3i 166 %LBL3 Z1 g3 282 5 85
@55  RTN 4 111 RCLA 36 i1 167 RCLI 36 46 2683 e Il
@56 ¥LBLC zZi 13 112 X -35 168  RCLA 36 11 264 i 1
857 FRT: -14 113 5TOE 35 i3 169 z -24 2085 . -6
858  5FC 16-i! 114  RCLD 36 14 176 RCLé 36 86 266 3 63
859 RCL3 36 82 115 X<y% i6-3% 171 z 8z 2687 P -3%
a68 - -45 116 6707 22 &7 172 . -&z 288 RCLS 36 65
861  STOS 35 65 117 xLBLE Z1 €8 173 & &t 289 RCLT 36 &7
862 KCLE 36 86 118 RCL 36 is 174 7 ar 218 + -55
863 i 61 119  656. 23 i6 11 175 ¥ k) 211 . -62
664 . -§Z 126 FRTH -13 176 z -24 212 z 6z
865 g 8z 121 SFC 16-11 177 1 81 213 5 a5
866 5 g5 122 5T0I 35 46 178 . -6z 214 § 31
867 z -2 123 RCLC 36 13 179 g ge 215 z -4
868  STO7 35 &7 124 STO6 35 8¢ 186 Z 8z 216 STGC 35 13
868 RCLS 36 85 125 G5Bz 23 B2 181 §¥ 31 217  RTN 24
878 KV 16-34 126  &SB3 23 63 182 RCLI 36 al 218 «LBELT 21 &7
871 6TGs I &4 127 SPC 16-11 183 X -35 219  RCLD 36 14
872 kLBLS Z1 85 128 RTN 24 184  PRTH -14 228 STOE 35 15
@73  6SBE Z3 66 129 &LBLE Z1 15 185  RTN z4 221  6SB8 z3 85
874 RCLE 36 66 138 FRTX -14 186 «xLBLS i 64 222 SPC 16-11
875 z -4 131  RCL3 36 8z 187  RCLT7 36 B7 223 RTN 2
876 17k 3 132 - -45 188 6SBe 23 16 11 224 R<S 51
877 XE 53 133 ST0S 35 65 189 RCL3 36 83

@78 S5T«<7 35-35 &7 134 RN 24

879 RCLC 36 13 135  PRTY -14

@88 RCL6 36 86 136 RCL3 36 &2

aal - -45 137 - -45

882  ABS i6 31 138 5707 35 &7

883 -g& 139  6SBé Z3 66

884 & 86 148 RCL3 36 63

885 1 8l 141 + -55

886 X<VT 16-35 142 370C 35 i3

()
4

887  6T05 2 83 143 GSBC 23 14

888  RCL7 Jo &7 144 SFC le-11
889 E5Ba ZZ le Il 145 RTN 4
898 RCL2 3o &2 146 xLBLa 21 16 11
891 t+ =33 147 . -6Z
892  PRTX -4 148 g g3
a93 SFC io-ii 149 + =93
834 RTH 29 158 INT ie 34
895 kLBLE 214 151 RTH 24
896  PRTA -14 152 «LBLé £l ag
asr SFC ie-i1 153 RCLS 36 &5
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DP-2

AIR DUCT DESIGN PROGRAM, STATIC REGAIN METHOD

PROGRAM DESCRIPTION

The ductwork is sized so that the increase in static
pressure due to reduction in velocity at each link just
equals the frictional loss in the succeeding section of
the duct. In this manner, each node or terminal is
maintained at constant static pressure, and velocity
pressure is used for overcoming the duct friction loss.

The ductwork designed on the basis of the static
regain method is easier to balance and requires less
energy to operate as compared to the constant friction
loss method.

The program will handle both circular and rectan-
gular ductwork. In the case of rectangular ductwork,
the width can be computed to suit the available depth.
The duct sizes are calculated to the nearest inch.

The users have two options for inputting data for
dynamic losses for ductwork fittings:

Option 1. Use the data given in ASHRAE Handbook
of Fundamentals, chapter on air duct design. This
method will yield accurate results.

Option 2. Convert duct fittings data to the equivalent
duct length based on information given in Handbook
of Air Conditioning Systems Design, Carrier Air Condi-
tioning Company, by McGraw-Hill Inc. This method
is faster but less accurate.

The program will take into account the duct lining
thickness and internal surface roughness coefficient.
The duct sizes computed are external sizes with a
specified lining thickness.

EQUATIONS

In addition to the equations given under Program DP-
1, this program is based on the following equations:

FIGURE 2A

Static regain at node 2

_ Vl 2 V2 2]

- [(4005) - (4005) x Kl
where

V1 = Velocity in fps preceeding the node

V2 = Velocity in fps after the node

K1 = Regain factor depending on construction
(0.75 to 0.95)

[2.7]

Friction loss in duct run, see Figure 2A,

AP = 08 x fx (22 ) x (Y] [2.8]
T / dp!22 1000 ’
also Q.= T x Vo X dg?
516 [2.9]
v 4, = [Q2Xx576)% '
o - Vz X T
Substituting d; in equation 2.8,
V21.82 1
AP = 03 X f x (L) X W X 10005
(ﬂ.i)l.n 1
576 " QN7
L V 2.43
= 433 x 107" X f x —252.;
K2 X Lg X V22'43
T
Ky = (433 X 107! x f) [2.10]
E loss d fittings = C [—V2-| [2.11]
nergy loss due to fittings = C | 7005 .
where
C = Total velocity pressure loss coefficient
for fittings
V4 = Velocity in fps
_ Kz X Lg X V22'43 Vz 2
Total loss = 0 (4005 [2.12]

Since static regain should equal loss

Ky X ((V1/4005)2 — (V;/4005)?)]
= (K2 X Ly X V22‘43/Q2'61) +C X (V2/4005)2

or, rearranging,

(K2 X Ly X V2430,51) + C (Vo/4005)

— [K; X ([V/4005F — [V2/4005F)] = 0 [2.13]

Value of V, is computed by reiteration of Newton’s
method for solving

X0 =% _f(xl)
: ! S @)

where
x1 = Initial value of variable
f (1) = Value of function with x, as variable
f (x1) = Value of first differential of function
with x, as variable
x2 = Revised more accurate value of variable

[2.14]
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When sizing ductwork based on static regain, the

" —_ 1.4
S e = [2:43 X Ky X Q g, X Ve program first computes V,, the diameter based on
V,, and rounds it to an integer after adding 0.9.
+ 12 X 2505 40052 X Val + [2 X 2000 40052 XVl Since the result is a slightly larger duct size, the
L computation will generally show slightly smaller
=[2.43 X K3 X ~—== X V,143] static regain; that is, the value of PN will be negative,
Q- if not zero. Due to this reason, actual velocity for
42 x ot C+K, X V,] the first duct run will be slightly lower than the
4005* specified input. If the computed value of the di-

ameter is changed, the program will recalculate
pressure losses.

While calculating the width for rectangular duct-
OPERATING FEATURES work, the program, for sake of accuracy, uses the
actual diamater based on V., rather than the printed
diameter. As in the case of the diameter, the cal-
culated width is rounded off to an integer after
adding 0.9.

The following features have been incorporated, in
order to fit the program within the limit of program-
ming steps and minimize computing time:

For further accuracy, the program can recompute
duct velocities and pressure losses. This can be
achieved by resetting flag 1 (INV—2nd—st. fig 1).

a. Alphanumeric output for identification has been
reduced to one or two characters. The same sub-
routine is used for printing V, and V,; PD, PN, and

PX. However, this will also increase computing time. All
b. Velocity V; is calculated to accuracy of 10 fpm. If of the] above features are further explained by
examples.

velocity reduction is 10%, it takes about 40 seconds
to compute the diameter. The computing time will Length and fitting information has to be input in
increase as the value of V, decreases, since it will decimal format as shown in the following examples:
increase number of reiterations. If accuracy of less
than 10 fpm is desired, it can be achieved at the
cost of computing time. On the other hand, com-  Length Fitting Coefficient  Input Under Label C
puting time can be reduced by accepting accuracy
of, say, 50 fpm or 99 fpm; any of these changes can 50 7 50.07

be made without increasing the number of pro- 40 1.2 40.12

gramming steps (change steps 192 and 193). 65 05 65.005

Length has to be an integer.

¢. Duct length and fitting coefficient data are input in
decimal format as explained later. As shown under
“User Instructions and Examples,” the first duct
run is sized based on the velocity selected by the
user. Any number of trial selections can be made
by entering the initial velocity under Label B and
repeating inputs under Labels A, B, and C.

Once the first duct run is sized, the program will
automatically size ductwork based on static regain.
The first output will be for round ductwork. If the
user desires to change the calculated diameter, it
can be done by entering the new diameter and
pressing R/S. Change in this manner can be done
only when computing the duct size based on static
regain. Further change in diameter through R/S
can be done as many times as desired.

While calculating the width for rectangular duct-
work, the user can also make as many trials as
required.
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