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Preface
 

The primary purpose ofthis book is to present a complete and coordinated set of

instrument engineering programs for use on the TI-59 and the HP 41CV program-

mable calculators. By using these programs,the instrument engineer can eliminate

the mathematical chores that would be necessary to determine instrument require-

ments and instead concentrate on the real engineering problems. This book also

provides a single source of formulas and data associated with instrumentselection.

The programs are self prompting, making user instructions unnecessary after a

few basic ground rules are understood. Every effort has been made to simplify

program use. They are all loaded, initiated, and used in the same manner. All input

and outputs are identified and units specified to avoid confusion.

Programs are included to calculate specific weight and compressibility factors,

which are required in many instrument calculations, but which are not readily

available from other sources. Charts and tables of standard and typical data are also

included for many common liquids and gases.

The programs have been developed over the past ten years and have been in

constant use by the instrument engineering personnel at Catalytic Enterprises

Limited, Sarnia, Ontario.

Personal calculators have always been the first choice for calculations, even

though a time-shared computer has been available. The immediate access, the

instant answers, and the ease of recalculation to optimize selections have always

given the programmable calculator the edge.
I am indebted to Ralph Lee and George Royer for invaluable assistance in

editing the text, to the many associates who provided feedback over the years,to

the manufacturers and publishers who permitted their material to be included, to

the typists who had to cope with those ghastly formulas, and finally to Catalytic

Enterprises Limited, which made it all possible.

Stanley W. Thrift

Catalytic Enterprises Limited
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TI-59 Features and Functions
 

Keyboard And Instruction Key Codes

Key Key Key Key Key

Key Code Key Code Key Code Key Code Key Code

ms Em 7 EE ¢ Em © mE 1°
[A 2 [eg] 1B [a] “ [E] 15

iw 27 [ER 28 29 20
Merged [INV] 22 (Inx] 23 24 25

36* 37 38 39 30
LRN None [zt] 32 [22] 33 34 35

rs None 47 1h 48* [I 49* or 40 (or

merged)

None 42+ RC] 43* [Sum 44° 45

None IN 57 58* 59 El 50

BST, None [EE] 52 [((] 58 [Oh] 54 [=] 655

66 EEX] 67 0 68 Ej 69 60

61° 07 8 [3] 09 65

Lb! 76* PE 77* 78 B= 79 70

71* [4] O04 [5] 05 (6] 06 [=] 75

Si 86* oa 8” [IN 88 89 IE 80

RST 8 OJ oo [2 02 [3] 03 85

Wiite 96 97* 98 1 99 90

91 [0] 00 [+] 93 +/— 94 [=] 95

*Keys requiring instructions or addresses to be complete.

Note: The [Jl instruction is sometimes numerically merged with the code of the keyit is used with.

There is a MYLAR** polyester film sheet called a ‘‘Key Code Overlay’’ that comes with your

calculator. When placed over the keys, it shows the key code associated with each key.

**A registered trademark of DuPont.

Copyright © 1977, 1979 Texas Instruments Incorporated
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TI-59 Printer Listing and Key Sequence
 

Printer

Listing

A-E

A —-E'

ADV

BST

CE

CLR

CP

CMS

Cos

DEG

DEL

DMS

DSZ

EE

ENG

EQ

EX*

EXC

FIX

GE

GO*

GRD

GTO

EQ

IGE

12+

ICOS

IDMS

IDSZ

IFF

IFIX

lIFF

INT

ILNX

Llo
l
l
o

|
(
™

B
E
E
R

Note Belowo
w
© ©

[=
]
= o
o

=
=

=
=
f

EN
E
B

I=
]

I

2
:

= a
Le
]

Pe
Pa “
-

J
Z
E
E
E
E
E
E
R
E
R
R
E
R
E
E
F
E
E

= =)[
I 2

—
+
+
=

a

H
E "B
EE

‘B
E

Printer

Listing

ILOG

IND
INS

INT

INV

IPD*

IP/R
IPRD

ISBR

ISIN

ISM*
ISTF

ISUM

ITAN
Ix

XI

yx
LBL
LNX

LOG

LRN
LST

NOP
oP

OoP*
PAU

PD*

PG*
PGM

P/R

PRD

PRT

RAD

RC*

Zz <

—+Sin

m
—
+

—
+

—
+

—
+

z
=

>
pd

_
a
l

B
E
E

—+
—+

B
H
H
E
R
E
E
E
E
E
E
E

w © [] Zz ote Below

Ind

il

©
n
d

fl
©

—
rd

BY
BY

BY
Ed

BS
=

S
M
E
E
R
E

pa

= 2

E
l
a

I
E

—+

Printer

Listing

RCL

R/S

RST

RTN

SBR

SIN

SM*

SST

ST*

STF

STO

SUM

TAN

WRT

X=zT
xX?

x
IXI

1/X

Vx
YX

Key
Sequence

J
E
E
E
E
E

B

w
n @ o Z
z 2 o @
® © o z

= =

—-

fd

/
< " S
H
E
E
N
E
R
E

SYMBOLS

2

X
+

|
—
—
=
3

7

+/-

NOTE: Thisinstruction is only seen whenits key is encountered while listing a program. Because the

key code cannot be placed in program memory by pressing the key, the key code can only be a remnant

from the edit of some other instruction and should be corrected.

1 Printed in trace mode only.
® TI Programmable 58C only: The symbol ‘‘A’’ prints during trace when a branch is taken.

Copyright © 1977, 1979 Texas Instruments Incorporated
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HP 41CV Function Index

All HP-41C functions can be recorded as instructions in program memory except those

indicated. Functions with one name for keyboard execution and a second name for display

execution are shown adjacent to each otherin the columns below (e.g., on the keyboard
and SQRT in the display). Unless otherwise noted, all of the following functions can be
executed from the display and reassigned. Functions unique to the ALPHA mode keyboard are
marked with *. Note that only the functions on the normal or ALPHA mode keyboard are shown
as key functions, even though all HP-41C functions may be assigned to the keyboard (except
those indicated). To execute a function from the display, press , key in the alpha

characters shown, then press .

Function Description

Display Keyboard
Execution Execution

a Shift key Not programmable or assignable.

+ Addition operator

- = Subtraction operator

x 0] Multiplication operator

/ Division operator

1X Reciprocal

101X Common antilogarithm

ABS Absolute value

ACOS cos’ Arc cosine

ADV Advance paperif printeris in system

AOFF ALPHA mode off The ALPHA mode key
mode key is not programmable or assignable.

AON ALPHA mode on The ALPHA mode key
mode key is not programmable or assignable.

: Append ALPHA display Not assignable,
not executable.

ARCL ARCL ~ ALPHA recall. Requires 2-digit, stack, indirect 2-digit, or
indirect stack address

ASHF ALPHA shift left

ASIN Arc sine
ASN Assign. Requires function name and key location input

Not programmable.

ASTO : ALPHA store. Requires 2-digit, stack, indirect 2-digit, or
indirect stack address

ATAN Arc tangent

Copyright © 1980, Hewlett-Packard Company

Xiv



AVIEW :

BEEP

BST

CAT

CF

CHS CHS

CLA CLA] *

CLD

CLP

CLRG

CL:

CLST

CcLX

COPY

="

cos cos

D-R

DEC

DEG

DEL

DSE

END

ENG

(eex]

(Eng)

ENTER?

ETX
E1X-1

FACT

FC?

FC?C

ALPHA view

Beeper

Back step Not programmable.

Catalog list. Requires 1-number input. or indirect address

Not programmable.

Clear program flag. Requires 2-digit, indirect 2-digit, or

indirect stack address

Change sign

Clear ALPHA register

Clear display

Clear program. Requires program name input

Not programmable.

Clear all storage registers

Clear statistics registers

Clear automatic memory stack

Clear X-register

Copy (download or copy). Requires ALPHA program

name input Not programmable.

Correction key Not assignable, not

programmable.

Cosine

Degrees to radians conversion

Octal to decimal conversion

Degrees mode

Delete program memory lines. Requires 3-number input

Not programmable.

Decrement and skip if equal. Requires 2-digit, stack,

indirect 2-diqgit, or indirect stack address

Enter exponent

End of program

Engineering notation display. Requires 1-digit, indirect

2-digit, or indirect stack address

Enter number in X-register into Y-register

Natural antilogarithm

Natural antilogarithm for arguments close to zero

Factorial

“Flag clear” test. Requires 2-digit, ‘indirect 2-digit, or

indirect stack address

“Flag clear” test and clear. Requires 2-digit, indirect

2-digit, or indirect stack address

Xv



FIX

FRC

FS?

FS?C

GRAD

GTO

GTO.

GTO..

HMS

HMS +

HMS —

HR

INT

ISG

LASTX

LBL

LN

LN1+X

LOG

MEAN

MOD

oct

OFF

ON

P-R
PACK
%

GTO

Go

(eT) (JC]

LASTX

8
E
B

8
©

Bf
E

%

Fixed point display. Requires 1-digit, indirect 2-digit, or

indirect stack address

Fractional portion of number

"Flag set" test. Requires 2-digit, indirect 2-digit, or

indirect stack address

"Flag set” test and clear. Requires 2-digit, indirect 2-digit,

or indirect stack address

Grads mode

Go to. Requires 2-digit label, ALPHA program name,

indirect 2-digit, or indirect stack address

Go to line number. Requires 3-number input or ALPHA

label Not assignable, not programmable.

Go to end of program memory and prepare calculator for
new program Not programmable, not

assignable.

Decimal hours to hours, minutes, seconds conversion

Hours, minutes, seconds addition

Hours, minutes, seconds subtraction

Hours, minutes, seconds to decimal hours conversion

Integer portion of number

Increment and skip if greater. Requires 2-digit, stack,

indirect 2-digit, or indirect stack address

Recalls LAST X register contents to X-register

Label program. Requires 2-number label or ALPHA
program name

Natural logarithm

Natural logarithm for arguments close to one

Common logarithm

Mean

Modulo (remainder) operator

Decimal to octal conversion

Power off

Power on/off key Not prograrnmable or

assignable. Refer to ON and OFF.

Power on (continuous) function Not

programmable.

Polar to rectangular conversion

Pack program memory Not programmable.

Percent

Xvi



%CH

PI

PROMPT

PSE

Rt

R-D

R-P

RAD

RCL

RDN

RND

RTN

SCI

SDEV

SF

SQRT

SST

ST+

ST-

ST

ST/

I
E

mode key

RCL

—- zR

w m

z

™
M |

+

SST

ERIE)

Gola

Gala

Percent of change

Pi

Program mode key Not programmable.

Prompt

Pause

Roll up

Radians to degrees conversion

Rectangular to polar conversion

Run stop. Stops running program or starts a stopped

program

Radians mode

Recall. Requires 2-digit, stack, indirect 2-digit, or indirect
stack address

Roll down

Round

Return

Scientific notation display. Requires 1-digit, indirect

2-digit. or indirect stack address

Standard deviation

Set program flag. Requires 2-digit, indirect 2-digit, or

indirect stack address

Accumulations for statistics

Accumulation correction

Statistical register block specification. Requires 2-digit,

indirect 2-digit. or indirect stack address

Sign. unary of x

Sine

Size of register configuration (allocation). Requires 3-

number input Not programmable.

Square root

Single step Not programmable.

Storage register addition. Requires 2-digit, stack, indirect
2-digit, or indirect stack address

Storage register division. Requires 2-digit, stack, indirect

2-digit, or indirect stack address

Storage register multiplication. Requires 2-digit, stack,

indirect 2-digit, or indirect stack address

Storage register division. Requires 2-digit, stack, indirect
2-digit, or indirect stack address

XVii



STO

STOP

TAN

TONE

VIEW

X=0?

X#0?

X<0?

X<=0?

X>0?

X=Y?

X#£Y?

X<Y?

X<=Y?

X>Y?

X<>

X<>Y

XEQ

X12

Y1X

STO

(R78)

TAN
9xXs<Yy

X>y?

x av ~<
H
E

[f

Xx

Store. Requires 2-digit, stack, indirect 2-digit, or indirect

stack address

Stops program execution

Tangent

Tone of beeper. Requires 2-digit, indirect 2-digit, or

indirect stack address

USER mode key, Not programmable or assign-
able.

View register contents. Requires 2-digit, stack, indirect

2-digit, or indirect stack address

X equal to 0 conditional test

X not equal to 0 conditional test

X less than 0 conditional test

X less than or equal to 0 conditional test

X greater than 0 conditional test

X equal to Y conditional test

X not equal to Y conditional test

X less than Y conditional test

X less than or equal to Y conditional test

X greater than Y conditional test

Exchange contents of X-register with any other register.
Requires 2-digit, stack, indirect 2-digit, or indirect stack
address

Exchange X- and Y-registers

Execute. Requires program or function name, label

number or indirect address

Square

Exponential



CHAPTER ONE

Use of the
Programmable Calculator
for Instrument Calculations
 

Instrument Engineering Calculations

There have been many schemes over the years to simplify instrument cal-

culations. An instrument engineer’s back drawer is full of flow slide rules,

valve-sizing slide rules, nomographs, charts, and calculation sheets. All

have been good in their time but have required practice and patience to use.

Two people could never arrive at identical answers, and in many cases the

answers were provisional only. Black Art was legend—it was well known

that butterfly valves had a cavitation problem, but how big was it? Either

the question was avoided or an answer found by bitter experience.

As computing power became readily available, complex equations to pre-

dict cavitation, noise, etc. were developed, and it became possible to select

instruments scientifically. Computer availability then became a problem.

Many instrument calculations require optimization, necessitating that the

calculation be rerun until the best selection is found. Most time-sharing com-

puters simply do not have the flexibility to do this economically.

Enter the programmable calculator. It is inexpensive, portable, accurate,

and reliable, and has adequate computational and printing power. It is the

answer to the instrument engineer’s dilemma. With the programs listed in

the following pages, and in the luxury ofsitting at your own desk surrounded

by your reference books, manufacturers’ catalogs, and telephone, it is pos-

sible to do a complete mathematical analysis using any combination of input

data and obtain the answers immediately.

As with any computer program, it is not necessary that you understand

the program before you use it. You should be aware of the formulas used

and should try a few calculations with known answers in order to gain con-

fidence in the program. However, there is not too much to be gained by

trying to understand the program. Programming skills and engineering skills

are notparticularly related; after all, everyone drivescars, but few appreciate

what goes on under the hood.



2 Use of the Programmable Calculator

Programmable Calculators

There are two programmable calculators available today powerful enough

to perform the calculations required:

1. The Texas Instruments TI 59

2. The Hewlett Packard HP 41CV

They should be obtained with the printer accessory so that a permanent rec-

ord can be retained. The card reader and rechargeable battery pack should

also be purchased for the HP 41CV (it is included with the TI 59).

The selection is very much a personal choice. The following comments

may be helpful.

1. The largest program listed uses all of the TI 59 capability yet less than

half that of the HP 41CV.
2. The TI 59 plus printer has been advertised for less than $400.00. The

HP 41CV may cost at least three times as much (at this printing).

3. The TI 59 uses an AOS (Algebraic Operating System); the HP 41CV

uses RPN (Reverse Polish Notation). Both arrive at the same result in

the same time, and the program user will never know the difference.

Program Storage

The ideal way to store the programs would be to have them all perma-

nently in memory, for they would all then be instantly available for use and

updating. It would take approximately 30K bytes to store this set of pro-

grams. Unfortunately, this is not yet available. The best compromise is still

the magnetic cards.

The TI 59 calculator works best on programs that have been recorded on

the particular calculator using the cards. Cards recorded on other machines

have occasionally been rejected, and it has then been necessary to read the

program, ignoring the rejection signs, print the program, correct the errors,

and then re-record the card. This is considerably faster than punching the
complete program in from the beginning. Our experience has indicated only

one or two errors needing to be corrected.

Both machines have the capability of recording protected cards. These
cards can be read and executed any number of times but cannot be copied,

viewed, or altered. It is recommended that cards for general service be re-

corded this way so that the program cannot be changed inadvertently and
a wrong answer obtained.



Use of the Programmable Calculator 3

The cards appear to have an indefinite life. Dirt and fingerprints will oc-

casionally cause a misread. However, in our experience a cleanup of the

card and head has always rectified the problem.

The TI 59 takes two cards for each program. The HP 41CV requires be-

tween five and seven, depending on the length of the program.

The HP 41CV wand and barcode system has not been found to be prac-

tical. The programs would take approximately eight pages of barcode each.

They are difficult to produce and change and require considerable concen-
tration to read into the machine.

User Instructions

Each calculatoris provided with an excellent instruction book. It describes

in considerable detail all of the functions and capabilities of the machine.

It is, however, a ponderous document, and while the reader is encouraged

to ultimately read and understand it, only the following instructions are nec-

essary to use the programs.

Texas Instruments Tl 59 and Printer

. Plug in the power cord.

. Energize the printer with the slide switch on the side.

. Switch the calculator on.

. For programs 10, 11, and 12, special memory partitioning is required.

Press 5, 2nd OP, and 17. The display will show 559.49. For all other

programs do nothing.

. Press the CLR button.

6. Load the first side of the magnetic card by inserting the card into the

lower slot on the right-hand side of the calculator. The motor will start

and drive the card through to the left side.

7. Repeat steps 5S and 6 until both sides of both cards are entered. Note

that the sequence of entry is unimportant and that a side entered more

than once will be ignored.

8. Go to the operating instructions for the selected program.

H
W
N
D

W
n

Note: It is wise to switch the calculator off momentarily before entering
a new program to ensure that all flags and return instructions are reset.

Hewlett Packard HP 41CV and Printer

1. Plug in and clip the card reader to the top of the calculator.

2. Connect the printer cord.
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W
w

10.

11.

12.

13.

Use of the Programmable Calculator

Check that the BAT annunciator on the calculator and printer is not

on. If it is, recharge the batteries.

Switch the calculator on.

. Switch the printer on.
Set the printer MODE switch to MAN, and INTENSITY as desired.

. PRGM and ALPHA must be off. Press USER button on calculator.

. Eighty storage registers are used for all programs. If the calculator

is not set, press XEQ, ALPHA, SIZE, ALPHA, and 080.

Load program-card side one by inserting the card into the slot on the

right-hand side of the card reader. The motor will start and drive the

card through to the left-hand side.
Load both sides of the program cards as prompted by the display.

Load the data cards similarly.

Store a magnetic card in the groove above the calculator display to

identify the user-defined keys A-J.

Go to the operating instructions for the selected program.

General Notes

1. Handle the magnetic cards by their edges to keep them clean.

2. The printing functions on both calculators work best if the decimal

point is set at nine. Common sense is used to round out the answers.

. Periodically test the calculator by using the diagnostic card and a sam-

ple calculation.

. Use good-quality thermal paper. Poor-quality paper can gum the print-

ing head, resulting in poor printing. After a few months, print on ther-

mal paper will fade, so it is recommended that programs be photo-
copied.

. Read the instruction manual. The programs will allow for manual cal-

culations of input data. This makes for a very powerful combination
of manual intermediate calculation capability.

. Some invalid input data will cause calculator error conditions when

running a program (e.g., dividing by zero, taking the square root of
a negative number). Analyze the data and re-enter.

. The E subroutine is a simplifed way of re-entering data and recalcu-

lating results without repeating the print routine. It is contained in most

of the programs. To use it, all data must first be entered in the normal

way and an answer obtained. To change an entry (e.g., entry 2), press

2, then E. The original value will be displayed. The new value is now

entered; press R/S and the new value is stored and the old one dis-
carded.
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There are three choices from here.

® Change other entries in the same way.

® Press R/S again and recalculate the answer with minimum printing.

® Initiate the program for a complete automatic print of all data.

Note that once an entry is changed, a complete reprint must be made

before the calculator is cleared for another calculation. On multiple

choice programs it remembers which calculation was made and reprints

that one, regardless of which initiation button is depressed.

. A calculator printout for a typical calculation is provided for each pro-

gram, along with charts and tables of process data for many common

liquids and gases.



CHAPTER TWO

Control Valves
Program 1 Liquid Flow

Program 2 Gas or Vapor Flow

Program 3 Steam Flow

Program 4 Two-Phase Flow

Typical Data

 

 

The control valve is a vital part of any control system, and it is still the

most widely used final control element. Until recently, its sizing and selec-

tion was almost a Black Art. Many control problems can be traced to having

the wrong valve installed.
There is a tendency to oversize a control valve by taking the largest flow

it will have to pass, doubling it to make it operate at the mid-point, and

then picking the next available larger size. This can lead to a rangeability

problem on low flows, with the control valve trying to regulate flow and

bouncing on its seat.

The undersized-valve problem is usually caused by increased plant

throughput. It can be solved by cracking open the bypass valve, but with

variable flowrates this is likely to lead to control problems. A far better

solution is to purchase the valve with a larger body and a reduced trim if

future increased flowrates are anticipated.

Cavitation occurs more often than one would expect. It is surprising how

many plants have valves making that peculiar crackling noise. They only

control successfully for a short period of time before requiring maintenance.

Valves in gas and vapor service experiencing large pressure drops can be

the noisiest pieces of equipment in a plant (even while performing well and

lasting a long time). It might be possible to reduce the noise with extra

insulation, but in most cases a special low-noise valve is needed to solve
the problem.

The cost of not selecting the right valve for the job can be very high

(typical control valves and their characteristics are shown in Figure 2-1).

Anti-cavitation and low-noise control valves may seem expensive compared

to standard valves, but when correctly applied they can result in significant
cost savings.
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Mathematical methods of calculating estimated noise are available. The

calculations are very onerous to perform manually. However, the following

programs for the programmable calculator will solve the equations easily
and accurately.

The formulas used are those in ANSI/ISA-S75.01 and in ISA ‘Handbook

for Control Valves’ by J. W. Hutchison, and the Masoneilan noise predic-

tion formula.

The materials of construction for a control valve are determined by the

process fluid; the body style by the opinions and practice of the user. From

this point, the knowledge gained from the programs can be used.

Liquid Flow

The internal contours of some valve bodies are such that because of the

relationship between velocity and pressure, the velocity of the liquid at one

place in the body may have risen so high that the pressure falls below the

vapor pressure of the liquid and pockets of vapor form. Farther along in the

valve body the velocity may have decreased enough for the pressure to in-

crease above the liquid vapor pressure. The vapor pockets implode with

considerable noise and energy and can be extremely erosive. This is cavi-

tation.

To avoid this, manufacturers publish a liquid recovery coefficient (F,)

to quantify the characteristic. A low F, number (e.g., 0.5 for an angle valve)

signifies a valve which will cavitate quicker than a valve with a higher F,

will (e.g., 0.9 for a globe valve). The lower the F,, the greater the tendency

to cavitate.
The program will calculate a minimum F, from the process conditions.

To avoid cavitation, a valve with a larger F, must be selected. If this is not

possible, an anti-cavitation trim should be selected. This is a special hard

trim designed to keep the implosions away from the softer metal in the body.

If this is not possible, a heavier valve body should be selected to avoid

premature failure because of metal erosion.

Cavitation chokes the valve and reduces its capacity. The program rec-

ognizes this condition and compensates for it. In addition, if cavitation is

occurring, its noise value (dBA) will be calculated and printed.

When the discharge pressure is lower than the liquid vapor pressure, the

liquid will flash into a vapor as it passes through the valve. This is not as

erosive on the valve as cavitation, but a hardened trim is usually justified.

Flashing also affects valve capacity and is compensated for by this calcu-

lation.
Control valves are usually smaller than line size. It is a rule of thumb that

in a properly designed system the control valve size should be one size less

(text continued on page 10)
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than the line size. Spot checks over the years for deviations from this rule

have shown that either the line is too small or that some special .circum-

stances apply, such as an unusually high pressure drop. However, it should

be noted that published control-valve capacities are based on line-size

valves, and a piping geometry correction factor where required is provided

in the program.

The viscosity of the liquid must be compensated forif the Reynolds num-

beris less than 3000. For this, the valve-style modifier (F,) is required.

The final calculated C, includes correction factors for all the preceding

if necessary.

Gas and Steam Flows

The first problem the program considers is the minimum size valve for

sonic velocity. It is very often possible to select a valve having an adequate

C,yetstill have sonic velocity at the outlet port. This creates a noise problem

which cannot be overcome with a low-decibel trim if the noise level of the

valve is too high (and it most likely will be for all but the smallest valves).

A valve larger than the sonic size must be selected.

The final C, has corrections for the gas expansion factor and for piping

geometry similar to those for the liquid calculation.

The program will next ask for data to calculate the noise level. When this

exceeds 80 dBA,select a special low-noise trim, extra pipe wall thickness,

or a special valve. Extreme cases may require extra insulation on the pipe

and auxiliary devices to take part of the pressure drop.

Noise is normally calculated at actual operating conditions. Therefore, run

a calculation for the operating flowrate and F, value. It is not normally

necessary to consider worst conditions because they are usually short-term,

and noise will usually be tolerated for that time period.

Two-Phase Flow

This program is a combination of the two previous programs and calcu-

lates C, based on the effective specific weight. Cavitation is checked for and

should be handled as for liquid flow.

Rangeability

By this time the body style, the trim style, and the valve size have been
selected. The question now is will the valve control for the range of flow-
rates and pressure drops that will be encountered in service.
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Valve manufacturers list the rangeability of various types of valves, which

can be as high as 50:1. This means that if a valve has a rated C, of 20,

then it could be expected to control at a C, of 0.4.

Determine the minimum flowrate and the maximum pressure drop that is

expected and re-enter these values. Is the C, more than the minimum value?

Now determine the maximum flowrate and the minimum pressure drop. Is

the C,less than the maximum? If either is exceeded,try different valve sizes
until the optimum is reached.

At this stage you can be very well assured that you have a valve ideally
sized for the service.

Reliability of the Calculation System

If care is taken to ensure that the input process data are representative of

the actual flowing conditions, then the formulas, which are essentially em-

pirical, will predict the results with acceptable accuracy.

After several years experience sizing valves for LPG plants with liquids

that cavitate and flash easily, and sizing noisy valves for vents and centrif-

ugal compressor surge control,it has been found that problems can generally

be traced to inaccurate input information. One exception was that the noise

prediction program was not accurate for a 24-inch butterfly valve. The large

C, produced an unrealistically high sound pressure level.

 

Program 1
Liquid Flow
 

Program 1: User Instructions

a) Initiate program, press A.

b) Enter:
1. Flowrate, pounds per hour Press R/S

2. Inlet pressure, PSIG Press R/S
3. Pressure drop across the valve, PSI Press R/S

4. Specific gravity at flow temperature, dimension-

less Press R/S

5. Absolute viscosity, centipoises Press R/S
6. Liquid vapor pressure, PSIA Press R/S
7. Liquid critical pressure, PSIA Press R/S

c) Program calculates minimum liquid recovery factor F.

d) Enter:
8. Selected valve F,, dimensionless Press R/S
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e) Program calculates preliminary C,.

f) Using preliminary C,, enter:

9. Valve size, inches, based on preliminary C, Press R/S
10. Pipe size, inches Press R/S
11. Valve-style factor F,, dimensionless Press R/S

g) Program calculates final C,.

h) If cavitation occurs, program calculates sound pressure

level dBA.

Note: If final C,is too small for the selected valve size, press entry num-

ber 9, press E, re-enter new valve size, press R/S, then press A for a new

printout. The E subroutine can be used to change all input data in the same
way.
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Program 1: HP 41CV Data Sheet

ake ofc 3c ok 3k He sk oe oe ofc ok ok

*CV LIQUID:*

fe of 2 ok oe of He oe ofc oe He ok

ENTER FLOW PPH
1,133,000.08 =x

ENTER PRSS PSIG
185.30 7x

ENTER dP PSI
75.00 3x

ENTER FLOW SG
0.99 #22

ENTER VISC cP
0.68 xxx

ENTER YAPOUR PRSS PSIA
58.80 [22

ENTER CRIT PRSS PSIA
3,206.08 s+

CALC MIN FL
8.72 xx

ENTER VALVE FL
8.85 sax

CALC PRELIM
cv

276.38 *x
ENTER YALY SIZE IN

6.08 x
ENTER PIPE SIZE IN

3.08  *xs

ENTER STYLE FACT FD
1.00 #xx

CALC cv
327.17 ne

CALC dER
188.87 xx

ok 3c 2 7k of 3k ofc of oe kk kook

327.17



3 of fe de dk dk Hk He ok of ok dk ENTER FLOW SG

Liquid Flow 17

CALC PRELIM

 

8.90 =e cv
*CV LIQUIDx* ENTER VISC cP 276.38 ss

0.60 sss ENTER YALY SIZE IN
He ke fe oe of de ok ke of ke kok ENTER YAPOUR PRSS PSIA 6.00 #32

58.88  s#x ENTER PIPE SIZE IN
ENTER FLOW PPH ENTER CRIT PRSS PSIA 8.08 ss»

1,135,000.88  #%2 3,206.68 sex ENTER STYLE FACT FD
ENTER PRSS PSIG CALC MIN FL 1.80%

185.38 sss 0.72 ss CALC cv
ENTER dP PSI ENTER YALYE FL 278.91 Hs

75.88 $58 8.85 5x 3K ok fe He oe she Se se of ak of fe

Program 1: HP 41CV Register Loading

SIZE 080 R26= =sC¥ LI" R53= °dP PSI®
RE8= 8.884048 R27= -QUID#* * R54= SC  *
R81= 0.808004 R28= 0.000888 R55= “sxsxxs"
R82= 9.000008 R23= 0.000060 RS6= CALC
R83= 9.000000 R38= 26.270008 RS7= “ENTER *
R84= 9.000800
R85= 9.880000

R31= 57.495080
R32= 57.5152688

R58= 47.000000
RS9= 0.008000

 

R86= 8.000008 R33= 57.530000 R68= = YISC *
R87= 0.060888 R34= 57.4954088 R61= “cP .

R8S= 0.000698 R35= 57.686108 R62= “YAPOUR"
R89= 9.089003 R36= 57.625164 R63= "FL *
R18= 9.000808 R37= 57.655164 R64= “PSIA *
R11= 9.880809 R38= 0.008000 R65= = CRIT"
R12= 0.800000 R39= 56.660000 R66= “MIN FL"
R13= 9.009009 R48= 57.676309 R67= “VALVE *
R14= 8.080080 R41= 0.609000 R68= =PRELIN"
R15= 0.809098 R42=  56.686900 RE9= = CY *
Ri6= 8.808090 R43= 57.7871889 R78= °VALY S°

R17= 0.080098 R44= 57.727108 R71= “IZE IN"

R18= 0.0080889 R45= S57.737475 R72= “PIPE §°
R19= 0.000009 R46= 0.000008 R73= “STYLE *
R20= 8.071809 R47= 56.6900689 R74= FACT F*
R21= 0.608154 R48= 56.760040 R75= °D .
R22= 8.388423 R49= ° FLOW * R76= “dBA °

R23= 8.128963 RS8= “PPH * R77= 0.866184
R24= 0.562588 RS1= = PRSS * R78= 0.800000
R25= 8.191486 R52= “PSIG * R79= 0.000000

Program 1: HP 41CV Listing

SUBROUTINES 89 XEQ b 19 CLA
B1eLBL “CV LIG" 18 ADY 204LBL ¢
82 GTO A 11 RTN 21 ARCL IND 59

PRINT LINE OF PRINT LINES 22 RCL 59

STARS 126LBL d 23 FRC
83+LBL a 13 SF 12 A 168
84 FC? 55 14 |
85 RIN 15 ST+ 58 26 STO 59

86 55.55 16 RCL IND 58 27 X38?
87 ADY 17¢LBL b 28 GTO ¢

18 ST0 59 29 FC? 5588 SF 12



Control Valves

38 GTO 81
31 PRA
32 CF 12
33 RTN
34¢LBL 01
35 CF 12
36 AVIEN
37 RIN

PRINT & STORE
VARIABLES

38eLBL ©
391
49 ST+ 58
41 RCL IND 58
42 %=9?
43 610 d
44 XEQ b
51
46 ST+ 81
47 RCL IND 01
48 TONE 9
49 FS? 09
56 GTO 81
51 STOP
52 STO IND of
S3eLBL 01
54 XEQ J
55 GTO e

RE-ENTER
VARIABLES

S64LBL "REENTER®
57 ADY
38 1
59 +
68 STO 81
61 RCL IND 81
62 XEQ J
63 STOP
64 XEQ J
65 STO IND 81
66 ADY
67 SF 00
68 SF 82
69 STOP
78 GTO 82

BYPASS PRINTER

71eLBL J
72 FC? 55
73 GTO 81
74 PRX
75 RTN
76eLBL 81
77 VIEW X
78 RTN

CALC PRELIM C

CALC P,FP,

79¢LBL B
89 .9
81 RCL 67
82 RCL 08
83 /
84 SORT
85 .28
86 =
87 -
88 RCL 97
89
98 CHS
91 XEQ C
92 +
93 RTN

CALC P,

94eLBL C
95 RCL 83
9% 14.7
97 +

98 RIN

MAIN PROGRAM

ENTER DATA

99¢LBL A

108 CF 82
et 1
182 STO 01
103 29
164 STO S8
165 XEQ a
166 XEQ d

187 XEQ a

108 XEQ e

CALC MIN F,
189¢LBL 82
118 8
111 S70 60
112 RCL 04
113 XEQ B
114 /
115 SeRT
116 STO 14
117 FS? 82
118 GT0 01
119 XEQ J

v

128 XEQ e
{214LBL 81

122 RCL 84
123 RCL 85
124
125 SORT
126 500
127 =
128 1/%
129 RCL 82
130 =
131 ST0 17
132 FS? 82
133 GTO @1
134 %EQ J

CALCF,

135 XEQ e
1364LBL 01
137 1
138 RCL 18
139 RCL 11
148 /
141 X12
142 STO 24

143 -
144 X12
145 ST0 25
146 .5
147 +
148 1
149 +
158 RCL 24
151 Xt2
152 -
153 RCL 17
154 RCL 10
159 X12

156 7

157 Xt2
158 899
159 /

168 STO 77
161
162 RCL 89
163 Xt2
164 17%
165 +
166 SORT
167 1/X

168 STO 1S

CALCF,
169 RCL 25
178 1.5
171 *
172 RCL 77
173
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174 1 218 ENTER? 257 *
175 + 219 .25 258 LOG
176 SORT 228 YX 259 18
177 ST* 17 221 + 260 +
178 17% 222 STO 18 261 XEQ B
179 STO 16 223 3099 262 RCL 14

224 X(=Y? 263 Xt2
225 GTO 84 264 +
226 RDN 265 RCL 13

CALC F, 227 .1 266 +
188 RCL 14 228 XY? 267 CHS
181 » 229 GTO 87 268 RIL 94
182 RCL 15 230 RCL 18 269 +
183 / 231 ENTER? 270 L0G
184 1/X 232 RCL 22 271 8
185 CF 61 233 YX 272 *
186 1 234 RCL 23 273 +
187 X¢=Y? 235 + 274 Xe C
188 GTO 83 236 RCL 21 275 RCL 94
189 SF 81 237 RCL 18 276 -
198 RDN 238 + 277 RCL 87
191¢LBL 03 239 - 278 -

192 STO 13 248 RCL 20 279 LOG
193 S17 17 241 - 280 26

242 STO 19 231
243 ST/ 17 292 +

CALC F, 283 33
284 +

194 34.6 PRINT C, 285 STO 8
195 ROL 12 286 SF 1219 + 244418 84 aL
197 RCL 82 245 RCL 17 288 YEQ b
198 + 246 XEQ J

289 RCL 99199 RCL 96 299 460 J

al 18 2914LBL 85
202 SORT DETERMINE 292 FS? 82

CAVITATION 293 GTO 86
283 / 294 CF 80
204 RCL 17 247 FC? 01 5 OF 61
205 SORT 248 GTO 85 2% X00 2

206 / 243 %20 C 2970LBL 96
287 RCL 15 258 RCL 07 298 RCL 89
208 RCL 17 251 RCL 84 a9 ROL 17

209 + 232 + 308 VIEW X218 899 253 ¥)Y? 301 BECP
211 7 254 GTO 95 0
212 RCL 11 2630LBL 87
213 Xt2 384
214 7 CALC dBA 385 1%

215 X12 255 RCL 17 396 STOP
218 ! 256 RCL 99 397 END
 

(‘‘Program 1: Sequence of Calculations’’ begins on next page)
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Program 1: Sequence of Calculations

1. Calculate minimum pressure recovery factor from process conditions.

 

AP
F, = >

P.—P |.96 — .28 2)ra
2. Calculate preliminary valve size.

 

w
C, = —F7===
"500 VAPG,

3. Calculate contained pressure recovery factor and piping geometry factor.

o--(-3)
-1/2

S) Ld

d? F}

4. Calculate piping geometry factor.

fel (20-6)or)

 Fp =

1+
890 d’

5. Calculate choked flow factor,

 

 

Limit F, < 1
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Calculate valve Reynolds number.

2 1/4o  SHOFW (ES) al
« Be, F.C, \890d 2

Calculate Reynolds number factor.

Fr = .12896R _°** — 0001596 R,, — .07181

Limit F, < 1

. Calculate final valve size.

_ preliminary C,

' FoF, Fy

. If the valve is cavitating, the noise value will be calculated.

dBA = 10 log C,F, + 8 log (P, CRIT —- P,)

+ 20 log (P, — P,) + 33

where

P,CRIT = P,- F}(P, - P)

(P, CRIT — P,) = AP — F}(P,— P,)

Program 1: Nomenclature

C, Valve sizing coefficient, dimensionless

d Nominal valve size, inches

D Internal diameter of the piping, inches

F, Valve-style modifier, dimensionless

F, Ratio of specific heats factor, dimensionless

F, Rated liquid pressure recovery factor, dimensionless

F,, Combined liquid pressure recovery factor and geometry factor of valve

with reducers (when there are no reducers, F,, = F,), dimensionless

F, Piping geometry factor, dimensionless

Fr, Reynolds number factor, dimensionless

F, Liquid choked flow factor, dimensionless

G, Specific gravity (ratio of densities) of the liquid at flowing temperature

compared to water at base conditions, dimensionless
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P, Upstream absolute static pressure, PSIA

P, Downstream absolute static pressure, PSIA

P, Critical pressure, PSIA
P, Vapor pressure (absolute) of liquid at inlet temperature, PSIA

AP Pressure drop, (P, — P,) across the valve, PSI

R,, Valve Reynolds number, dimensionless

W Weight rate of flow, pounds per hour

Rk, Absolute viscosity, centipoises

References

ANSI/ISA-S75.01, 1977, ‘Control Valve Sizing Equations.’

J. W. Hutchison, ISA Handbook of Control Valves, 2nd Edition, ISA

(specifically p. 245).

Masoneilan Noise Control Manual, 1st Edition, Masoneilan International,

Inc.

 

Program 2
Gas or Vapor Flow
 

Program 2: User Instructions

a) Initiate program, press A.

b) Enter:

Flowrate, pounds per hour

. Inlet pressure, PSIG

. Discharge pressure, PSIG

. Flowing temperature, °F

. Gas molecular weight, dimensionless

Gas compressibility factor, dimensionless
Ratio of specific heats, dimensionless

. Selected valve recovery factor F,, dimensionless

c) Program calculates minimum size for sonic velocity

(inches) and preliminary valve C,.

d) Using this data, enter:

9. Valve size, inches

10. Discharge pipe size, inches

e) Program calculates final C,. If a noise check is re-

quired, continue.
f) Enter:

11. Discharge pipe wall thickness, inches

Press R/S
Press R/S
Press R/S
Press R/S
Press R/S
Press R/S
Press R/S
Press R/S

Press R/S
Press R/S

Press R/S



12. Gas property factor, dimensionless

13. Valve acoustic efficiency, dimensionless

Gas or Vapor Flow 23

Press R/S

Press R/S

g) Program calculates sound pressure level, dBA.

Note: All data can be changed using the E subroutine.

 

Program 2: Tl 59 Data Sheet

 
 

Program 2: Tl 59 Register Loading

PARTITIONING
459.59
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Program 2: Tl 59 Listing
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S89 Qo oo 416 14 14 3443 45 yx
320 76 LEBEL 417 BS x 444 01 1
a31 14 D 413 13 © 445 0&6 6
S32 533 « 41% 85 + 446 65 x
3% 02 2 420 93 447 13 C
3¥¢ 08 8 421 01 1 4423 S42
333 BS X 22 0g § 443 55 =
S36 43 RCL 423 85 x 450 43 RCL
SE 15 15 424 V1 SER 431 12 12
Fr 425 44 SUH 452 45 yx
393 43 RCL 426 33 y= 453 02 3
$00 0% Qs 3427 6&5 x 454 95 =
401 45 yx 428 43 RCL 43% 28 LOG
$02 33, 429 10 10 458 ES x
403 0% 9 430 33 ue 457 01 1
U4 5 3 431 5S we 353 a0 Iu}
403 71 SER 432 43 RCL 433 8235 +
406 34 TH 433 11 11 460 43 ROL
407 85 x 434 33 Hz 461 13 13
402 V1 SEER 435 £5 x 462 25 =
409 44 SUN 436 53 463 99 PRT
410 85 = 437 43 RCL ded 32 HIT
411 42 RCL 422 19 19 455 16 RA?
$12 11 1t 433 5% = dea 28 HDY
413 33 ne 440 43 RCL 457 32 AIDY
414 65 x 441 10 10 e832 WIT415 43 RCL 442 54 2 469 91 R~S

Program 2: HP 41CV Data Sheet

ac 3k 2c ok fc sk fc de ok ofc ok Hk ENTER 2 CALC cv

1.000 sss 105.173 sss
* CV GRS * ENTER CP/CV

1.499 3 ac 3c he ac de se Ac le se ofc ofc Hk
2c 3c sfc kc ofc Hk He Ak he of de dk ENTER YALYE FL

9.948 ss ENTER DISCH PIPE WALL IN
ENTER FLOW PPH CALC SONIC 8.237 sss

68,794.008 sax SIZE IN ENTER GRS PROPERTY FACT
ENTER INLET PRSS PSIG 3.466 sas 0.080 aes

235.6088 3s
ENTER DISCH PRSS PSIG

35.808 sx
ENTER TEMP DEG F

68.808 sss
ENTER MOL NT

28.978 #3

CALC PRELIM
cv

78.115 53
ENTER vALY SIZE IN

4.000 sax
ENTER DISCH PIPE SIZE IN

4.000 sas

ENTER ACOUSTIC EFFICENCY
2.088-85 sss

CALC dBR
89.495 #3»

fe ofc 2 a oe ofc Hc Ae ok Hk oe 3k

 

Program 2: HP 41CV Register Loading

SIZE 080

Res= 8.828800
R81= 8.000083
RG2= 0.800808

RO3= 8.000084
Ra4= 0.000008
R85= 0.088000
RO6= 8.000690
RO7= 8.000000

R88= 9.000808
R89= 0.000000
R16= 0.000008
R11= 0.000090
R12= 0.000000
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R13= 0.800060
R14= 0.060008
R15= 0.600000
R16= 0.808000
R17= 0.000008
R18= 0.000008
R19= 0.800008

R36= 0.008000
R37=  56.646566
R38= 56.676800
R39= 57.697700

R48=  56.686967
R41= 56.707160
R42= 57.727308

R39= 9.080000
R60= “TENP D*
R61= “EG F *
R62= “MOL WT"
R63= =2 *
R64= “CP/CY *
R65= “YALYE *

 

R20= 9.996660 R43= 57.547473 R66= “FL *
R21= 6.090008 Red= 9.600000 R67= “IN
R22= 9.000698 R45= 56.710000 R68= “SONIC *
R23= 6.800999 Ré6= 57.547576 R69= * SIZE *
R24= 0.945714 R47= 57.777879 R78= “PRELIN®
R25= 0.009660 R4S= 57.222324 R7L= "CY *
R26= = CV §° R49= 0.098099 R72= “YALY S°
R27= “TEAM * RS8= 56.250000 R73= *IZE IN
R28= * FLOM * RS1= “INLET * R74= “PIPE §°
R29= “PH * RS2= ~PRSS P* R75= “PIPE W-
R30=  26.279900 RS3= “SIG R76= “ALL IN*
R31= 57.282989 RS4= ~DISCH R77= “GAS PR"
R32= 57.515253 RSS= “sasasst R78= “OPERTY"
R33= 57.545253 RS6= “CALC * R79= = FACT *
R34= 57.686160 RS?= “ENTER *
R3S= 57.626388 RS8= 56.880000

Program 2: HP 41CV Listing

SUBROUTINES 25
) 26 $10 59 LBL 61

B1eLBL “CV CAS® n 34 XEQ J
82 G10 A 27 Xo 55 G0 e28 670 ¢
PRINT LINE OF 29 FC? 55 RE-ENTER

STARS 39 GTO of VARIABLES
834L8L a 31 Pa S6eLEL *REENTER"
84 FC? 55 B20 57 ADY
85 RTN 33 RTN 58 1
#6 55.55 34eLBL 81 59 +
87 AY hou 68 STO 81
83 SF 12 36 Avie 61 RCL IND 01
89 XEQ b 37 RTH 62 XEQ J
16 ADV PRINT & STORE 63 STOP
11 RN VARIABLES 64 XEQ J

65 STO IND 81
PRINT LINES Suble 66 ADV
120LBL d 49 ST+ 58 67 SF 00
13 SF 12 41 RCL IND 58 68 SF 821 © 1 69 STOP
{5 ST+ 58 43 C10 d 78 G10 62
% RCL 58 44 XEQ b BYPASS PRINTER
170LBL 651 .
18 ST0 59 46 ST+ 01 4 i os
19 CLA 47 RCL IND 01 73 GTO 81
264LBL © 43 TONE 9 74 PRX
21 ARCL IND 59 49 FS? 00 75 RN

22 RCL 59 58 GT0 1 764LEL 01
23 RL 51 STOP 77 VIEW X
24 189 52 STO IND @1 78 RIN



CALC X;

79¢LBL B
89 RCL 89
81 Xt2
82 .84
83 *
84 RIN

CALCF,
85¢LBL C
86 RCL 98
87 1.4
88 /
89 RIN

CALC P,
99eLBL F
91 PCL 83
92 15
93 +
94 RIN

CALCT,

9S¢LEL H
96 RCL 85
97 468
98 +
99 RTN

CALC AP
P

1@8eLBL D
181 RCL 83
182 RCL 84
103 -
184 XEQ F
185 /
106 RTN

CALC P,

187¢LBL G
143 RCL 04
189 15
118 +
{11 RTN

MAIN PROGRAM

ENTER DATA

{12¢LBL A
113 CF 82
114 1
115 STO 81
116 29

117 ST0 58
118 XEQ 5
119 XEQ d
120 XEQ a
121 XEQ e

CALC SONIC SIZE

122¢LBL 82
123 8
124 STO 08
125 XEQ H
126 RCL 86
127 7
128 SQRT
129 RCL 82
130
131 XEQ G
132 7
133 SORT
134 .0454
135 *
136 STO 19

CALC PRELIM C

137 XEQ B
138 XEQ C
139 =
148 XEQ D
141 X(=Y?
142 GT0 81
143 RDN
144¢L8L B81
145 STO 28
146 XEQ H
147 RCL 87
148 =
149 RCL 28
158 7
151 RCL 86
152 7
153 SORT
154 RCL 82
155 *
156 XEQ F
157 7
158 19.3
159 /
168 STO 16

CALC F,

161 FS? 82
162 GT0 83
163 RCL 19
164 XEQ J
165 XEQ d

v

Gas or Vapor Flow

166 RCL 16
167 XEQ J

168 XEQ e
169¢LBL 03
178 RCL 10
171 RCL 11
172
173 %t2
174 ST0 00
175 CHS
176 1
177 +

178 Xt2
179 ST0 18
188 593
181 7
182 RCL 16
183 RCL 18
184 X12
185
186 Xt2
187 ST0 99
188 =
189 1
190 +
191 S@RT
192 17%
193 STO 17

CALC X;p

194 .5
195 RCL 18
196
197 1
198 +
199 RCL 98
200 X12
281 -
202 RCL 59
203 =
294 XEQ B
205 +»
206 10080
287 /
278 |
209 +
210 1/¥
211 XEQ B
212 »
213 RCL 17
214 X12
215 7
216 STO 18
217 8
218 STO #9

219 1
220 RCL 20

29
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2213
222 /
223 Xea C
224
225 RCL 18
226 /
227 -
228 STO 18

CALC C,

229 RCL 16
238 RCL 17
231 /
232 RCL 18
233 /
234 STO 15
235 Xe@ J

CALC dBA

236 FS? 82
237 GT0 of
238 XEQ a
239 XEQ e
248 CF 00
241+LBL 81
242 28
243 RCL 15

244 »

245 RCL 09
246 .9
247 Y%
248 »
249 XEOQ F
250
251 XEQ 6
292
253 RCL 11
254 X12
255
256 RCL 14
257 »
258 XEQ H
259

268 .18
261 XE@ G
262 X12
263
264 RCL 10
265 X12

266 *
267 RCL 11
268 X12
269
278 RCL 19
271 RCL 18

202 /

273 16

274 YX
275 *

276 XEQ H
277
278 +
279 RCL 12
280 3
281 YX
282 /
283 LOG
284 18
285
286 RCL 13
287 +
288 ST0 21
289 Xe@ J
2908 FS? 80
291 STOP
292 ¥EQ a
293 RCL 21
294 RCL 15
295 VIEW ¥
29% BEEP
297 ADY
298 STOP
299 .END.

 

Program 2: Sequence of Calculations

1. Calculate minimum valve size for sonic velocity."

_ wT
= .0454  /— L/|— inches

P, \M

2. Calculate pressure drop ratio factor.

X = — limited to a minimum of F,X,
P,

where

Fo= k

“14

X; = .84F?
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3. Calculate preliminary valve size.

Ww T,Zc=" [LZ
19.3P, \XM

v

4. Calculate piping geometry factor.

r= (7 § } 5) ©) -
1+

890 d?

5. Calculate pressure drop ratio factor for piping geometry.

X X d\*\’
Xp ==Z|1+ = (s(1-(4))

F; 1000 D

d 4 C 27-1

(-6))@D d’

6. Calculate expansion factor.

(sree)Y =1— ——
2.14 k Xp

7. Calculate final valve size.

 

preliminary C,
final C, =

FY

8. Calculate sound pressure level.’

. . 16
sonic Size

28C.F,Pipa, + 18 PLD? (EE)

dBA = 10log +S3 lt 8
 

Program 2: Nomenclature

C, Valve sizing coefficient, dimensionless

d Nominal valve size, inches
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Internal diameter of the piping, inches

Ratio of specific heats factor, dimensionless

Rated liquid pressure recovery factor, dimensionless

Piping geometry factor, dimensionless

Ratio of specific heats, dimensionless

Molecular weight, dimensionless

Upstream absolute static pressure, PSIA

Downstream absolute static pressure, PSIA

Pressure dropi(P, — P,) across the valve, PSI

Gas property factor, dimensionless

Pipe wall thickness, inches

Absolute upstream temperature, °R
Weight rate of flow, pounds per hour
Ratio of pressure drop to absolute inlet static pressure (AP/P,), di-

mensionless

Rated pressure drop ratio factor, dimensionless

Value of X, for valve/fitting assembly, dimensionless

Expansion factor, ratio of flow coefficient for a gas to that for a liquid

at the same Reynolds number, dimensionless

Compressibility factor, dimensionless

Acoustical efficiency

Literature Cited

1. Masoneilan Noise Control Manual, 1st Edition, Masoneilan Interna-

tional, Inc.

All other sizing equations are from ISA $75.01, 2nd Edition.

 

Program 3
Steam Flow
 

Program 3: User Instructions

a) Initiate program, press A.
b) Enter:

1. Flowrate, pounds per hour Press R/S

2. Inlet pressure, PSIG Press R/S

3. Discharge pressure, PSIG Press R/S

4. Flowing temperature, °F Press R/S
5. Selected valve recovery factor F;, dimensionless Press R/S
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¢) Program calculates minimum size for sonic velocity

(inches) and preliminary C,.

d) Using this data, enter:

6. Valve size, inches Press R/S
7. Discharge pipe size, inches Press R/S

e) Program calculates final C,. If a noise check is re-

quired, continue.

f) Enter:

8. Discharge pipe wall thickness, inches Press R/S

9. Valve acoustic efficiency, dimensionless Press R/S

Note: All data can be changed using the E subroutine.

 

Program 3: Tl 59 Data Sheet

 

 

Program 3: Tl 59 Register Loading
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13 pelea 28
16 Hoa =9

17 0. 352728 40

12 a. £1

0 zs 43

=1 21 44
cc E. 45
23 42 46

zd :0 47
23 3 4g
= 2 44
=¢ 0. 50
28 27, 1

= 3 52
20 : 53
21 = be 23

3Z 5 Si. ss
22 1 S00. 56
24 1731373500. 57

= a. 52
SE a, 5g

37 
 

Program 3: Tl 59 Listing

 

SUBROUTINES 025 00 00 051 1g [°
PRINT & STORE Ooze 00 00 osz  e9 OF
VARIABLES 027 31 3 OSI 02 Oz

ooo Fe LEL zs 91 RIS 054 13 C°

oor io E® oe 72 STH 055 &9 OF

ooz 29 CF 00 01 01 0S& 02 03

oz 01 1 021 73 RC 05> 1m Cb

004 44 SUE 032 01 01 0s £9 OP
00s A St 03 3% PRT 0S2 04 04
aos 73 RCs 0=z2 £1 GTO Ged 629 OF

ody 38 S58 3s 10 EC Osi 05 0S
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O03 59 IHT PRINT LINES

010 S52 EE 026 Fe LEL DECODE LINES

Uli zz IHW ay 19 pe! 083 7& LEL
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=
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=
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=
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PRINT LINE OF 123 53 MAIN PROGRAM
STARS 1=d 13 REL ENTER DATA

== = ) 25 03 032 i ioof To LBL 125 §5 + 167 76 LELSLs Ca ar) 1e2 11 A
ave FA . 135 01 1 =O TT Lt
Oso 00 0 128 05 5S 163 22 THYpau udu ; 170 36 STF021 01 1 129 54) 171 02 os032 08 3 130 92 RTN LE 1
eS 172 42 =70024 92 HDY 174 Qt 0doss 17 EBC SUBROUTINES 175 gz a

026 98 ADV 131 76 LEL TE 03 3
QeF 22 RTH 122 13 «© 173 Eg

122 53 178 52 5gRE-ENTER : pe Se SE134 43 RCL 179 1 A*
VARIABLES 135 05 0% 120 19 0°

ngs Fe LEL 126 85 + 121 4 A°
ges 15 E 137 14 4 ig io ge
Q30 93 PRT 123 08 &
021 25 + 132 00 0
aez 01 1 140 S40 CALC SONIC SizE
023 95 = 141 22 RTH 123 76 LEL
034 42 370 124 1z= B
3s 01 01 125 ZC
0% 73 RC+ P 12s 33 =
a7 01 01 caLc 2° tar at 1
032 91 RS ! fe dz =
nF: 72 57s 142 76 LEL 22 Ie(G0 01 01 14% 35 1.3 130 34 Ia
101 23 PRT 144 S53 f 121 Ba
10Z 98 ADV 145 53 Taz 43 RLL
103 26 STF 146 43 RCL 192 He Me104 G2 02 147 02 az tae 3% aio

05 RC ER sc _ 45 Tr SER
TE = C TE Lda JR 196 44 SUH& uu uu 142 43 RCL ia ae To
ay 91 R/S 150 04 04 Lon i re
1a: 12 EB 151 S54 3 bas 34 In

152 55 = sii 3
CALC X, 153 71 SER Sana

10% 76 LBL 19d 2 04 410 24 CE 5% 54 2 iss11 ss th 156 92 RTH 0
112 43 RCL as =
Ha Oe be CALC PRELIM C, 42 570
1 14 =a as 1 ] 12

119 B85 x 157 ¥& LEL
11e 92. 132 44 SUM117 nz =a {5% 53 © CALC PRELIM C

11g 04 4 {60 42 RCL 208 71 SER
119 S54 2 iet 04 04 20% 24 CE
120 3932 RTH 162 25 + 210 65 =

RT 0rd 211 42 RCL
CALC P, ied 0S 5 212 24 24

i21 7& LEL 165 S54 213 95 =
122 34 IA LEE 22 RTH 214 32 ui
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Program 3: HP 41CV Data Sheet

He 2c oc fc oe dk He eo ok de dk

*CV¥ STEAM

He 3k 3h ke He sk oe oe ok ok ake ok

ENTER FLOW PPH
62,008,000 3

EHTER INLET PRSS PSIG
2,485,900 1%

ENTER DISCH PRSS PSIG
385.998 5x

ENTER TEMP DEG F
668.088 3s

ENTER VALVE FL
1.000 "3:

CALC SONIC
SIZE IN

1.587 sz

CALC PRELIM
cv

11.372 s+
ENTER YALY SIZE IN

3.600 "nt
ENTER DISCH PIPE SIZE IN

4.000 He

CALC cv
17.867 3»

3c oe 3 de of oe 3k he afc Ae ok ke

ENTER DISCH PIPE WALL IN
8.531 eas

ENTER ACOUSTIC EFFICENCY
1.1008-84 ss»

CALC dBA
94.989 sas

ae 2c 3c 3 ke ofc ofc Ae oc fe ok ok

 

Program 3: HP 41CV Register Loading

SIZE 080

Res= 0.600000
RO1= 0.008009
RO2= 9.009980

R83= 8.080080
RB4= 0.000008
R85= 9.000000
Re6= 0.000000
Ré7= 0.000000

Re8= 0.000000
R89= 8.000008
Ri8= 0.000090
Ri1= 9.880008
R12= 8.000000
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R13= 0.000800
R14= 0.000009
R15= 0.000000
R16= 0.688400
R17= 0.000000
R18= 0.000000
R19= 0.000000
R28= 8.000000
R21= 0.000008
R22= 0.000008
R23= 0.000000
R24= 8.945714
R25= 8.800000
R26= - CV S*
R27= “TEAM *
R28= * FLOW *
R29= “PPH *
R38= 26.270008
R31= 57.2829689
R32= 57.515253
R33= $57.545253
R34= 57.686169
R35= 57.626308

R36= 0.000000
R37= 56.646566
R38= 56.676360
R39= 57.6977080
R48= 57.547677
R41= 0.000000
R42= 56.6806000
R43= 57.547172

= 57.737475
R45= 0.000009
Ré46= 56.760080
R47= 0.608000
R48= 6.000000
R49= 0.080009
RS9= 0.088000
RS51= “INLET *
RS52= “PRSS P*
RS3= SIG *
R54= “DISCH ©
R95= “ssssss"

RS6= “CALC *
R57= “ENTER *
R38= 46.000000

R59= 0.000000
R6@= = TEMP °
R61= “DEG F *
R62= “VALVE °
R63= “FL  *
R64= SONIC
R65= = SIZE *
R66= “IN  *
R67= °PRELIN®
R68= = CY °
R69= °YALY S°
R70= °PIPE $°
R71= “PIPE W*
R72= “ALL IN*
R73= “ACOUST"
R74= “IC EFF"
R75= =ICENCY"
R76= -dBA"
R?77= =IZE IN®
R78= 0.080008
R79= 6.000690

 

Program 3: HP 41CV Listing

SUBROUTINES

@1eLBL CY STH"
82 GTO A

PRINT LINE OF
STARS

03¢LBL a
84 FC? 55

as RTN

86 55.55
87 ADY
88 SF 12
89 XEQ b
18 ADY
11 RTN

PRINTLINES

12¢LBL d
13 SF 12
14 1
15 ST+ 58
16 RCL IND 58
17¢LBL b
18 S10 59
19 CLA
28¢LBL ¢
21 ARCL IND 59
22 RCL 59
23 FRC
24 100
A»

26 STO 59
27 X28?
28 GTO ¢
29 FC? 59
38 GTO 61
31 PRA
32 OF 12
33 RIN
34¢LBL 01
35 CF 12
36 AVIEN
37 RIN

PRINT & STORE
VARIABLES

38eLBL e
91
48 ST+ 58
41 RCL IND 58
42 X=0?
43 G10 ¢
44 XEQ b
4 1
46 ST+ 01
47 RCL IND 01
48 TONE 9
49 FS? 08
58 GTO 81
St STOP
52 STO IND ot
S3eLBL 81

54 Xee J
35 GTO e

RE-ENTER
VARIABLES

S64LBL “REENTER®
57 ADY
58 1
59 +
68 STO 61
61 RCL IND 81
62 XEQ J
63 STOP
64 XEQ J
65 STO IND 81
66 ADY
67 SF 88
68 SF 82
69 STOP
78 GTO 82

BYPASS PRINTER

71eLBL J
72 FC? 55
73 GTO of
74 PRY
75 RIN
76¢LBL 01
77 VIEW X
78 RTN



CALC X,
79¢LBL B
88 RCL 86
81 Xt2
82 .84
83 =
84 RIN

CALC P,

85¢LBL F

86 RCL A3
87 1S
88 +
89 RTN

CALC T,

98¢LBL H
91 RCL 65
92 468
93 +
94 RTN

caLc AP
P,

95¢LBL D
96 RCL 83
97 RCL 84
9g -

99 XEQ F
189 /
181 FN

CALC P,
182¢L8L 6
183 RCL 84
184 15
185 +
186 RTN

MAIN PROGRAM

ENTER DATA

187¢LBL A
188 CF 82
189 1
118 STO ol
111 29
112 S70 58
113 XEQ a
114 Xe@ d
115 XE@ a
116 XEQ e

CALC SONIC SIZE

117¢LBL 82

118 8
119 STO 80
120 XEQ H
121 18
122 7
123 SQRT
124 RCL 82
125 +
126 XEQ G
127 7
128 SORT
129 .08454
138 =
131 ST0 19

CALC PRELIM C,

132 XEQ B
133 RCL 24
134 »
135 XEQ D
136 X(=Y?
137 GT0 ot
138 RDN
139¢LBL 81
148 STO 28
141 XEQ H
142 RCL 20
143 /
144 18
145 7
146 SORT
147 RCL 82
148 »
149 XEQ F
158 /
151 19.3
152 7
153 ST0 16

CALC F,

154 FS? 82
155 GTO 83
156 RCL 19
157 Xee J
158 XEQ d
159 RCL 16
160 XeQ J
161 XEQ ¢

162¢LBL 83
163 RCL 87
164 RCL 08
165 7
166 X12
167 ST0 88
168 CHS
169 1

Steam Flow

178 +
171 Xt2
172 ST0 18
173 593
174 7

175 RCL 16
176 RCL @7
177 Xt2
178 /
179 Xt2
180 STO 59
181 =
182 1
183 +
184 SORT
185 17%
186 STO 17

CALC Xp

187 .5
188 RCL 18
189 =
198 1
191 +
192 RCL 89
193 Xt2
194 -
195 RCL 59
196 »
197 XEQ B
198 *
199 1008
208 /
201 1
282 +
203 1/%
204 XEQ B
205
286 RCL 17
207 X12

208 /
209 STO 18
210 8
211 STO 08
212 1
213 RCL 28

214 3
215 7
216 RCL 24
217 /
218 RCL 18
219 /
228 -
221 STO 18

CALC C,

222 RCL 16

39
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223 RCL 17 244 YEQ G
224 7 245
225 RCL 18 246 RCL 98
226 7 247 X12
227 S10 '° 248 »
228 Xf J 249 RCL 19

258 =
251 XE@ H
252 *CALC dBA 253 .18

229 FS? 82 254 XEQ G
238 GTO 61 255 X12
231 ¥EQ a 256
232 XEQ e 257 RCL 07
233 CF 09 258 Xt2
2344LBL 61 259 =
235 28 260 RCL 68
236 RCL 15 261 Xt2
237 = 262 *
238 RCL 86 263 RCL 19
239 .9 264 RCL 07
248 Yt% 265 /

241 » 266 16
242 XEQ F 267 YX
243 + 268 *

269 XEQ H
270 +
271 +
272 RCL 89
273 3
274 Y1X
275 /
276 LOG
277 19
278 +
279 3
299 -
281 ST0 21
282 XEQ J
283 FS? 09
284 STOP
295 XEO a
286 RCL 21
287 RCL 15
288 VIEW X
299 BEEP
299 ADV
291 STOP
292 END.

 

Program 3: Sequence of Calculations

1. Calculate minimum valve size for sonic velocity.

   
Ww —
3 VT, inches

2

= .022

2. Calculate pressure drop ratio factor.

X= limited to a minimum of .794 F?
P,

3. Calculate preliminary valve size.

c=_W I
© 81.93P, \X

4. Calculate piping geometry factor.
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 AGE
890
 F,=|1+

5. Calculate pressure drop ratio factor for piping geometry.

X X d\"\’
Xp = 1+ = (s(1- (4

Fp 1000 D

d 4 C 2 -1

A(0-G))E))D d?

6. Calculate expansion factor.

-)

Y 1

7. Calculate final valve size.

  

 

preliminary C,
final C, =

F,Y

8. Calculate sound pressure level.

dBA = 10 log

d
 

. . 1
sonic S1ze

28C, F, P, P,nT, + .18 P5d*D?otie ")

-3
3

t /

Program 3: Nomenclature

C, Valve sizing coefficient, dimensionless

d Nominal valve size, inches

D Internal diameter of the piping, inches

F, Rated liquid pressure recovery factor, dimensionless

F, Piping geometry factor, dimensionless

Upstream absolute static pressure, PSIA

Downstream absolute static pressure, PSIA

—
v
v



M
x

O
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E
T
N
“
E

OS
3
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Control Valves

Pressure drop (P, — P,) across the valve, PSI

Pipe wall thickness, inches

Absolute upstream temperature, °R
Weight rate of flow, pounds per hour

Ratio of pressure drop to absolute inlet static pressure (AP/P,), di-

mensionless
Rated pressure drop ratio factor, dimensionless

Value of X, for valve/fitting assembly, dimensionless

Expansion factor, ratio of flow coefficient for a gasto that for a liquid

at the same Reynolds number, dimensionless

nm Acoustical efficiency

References

‘‘Control Valve Sizing Equations,’’ ANSI/ISA S75.01, 1977.

Masoneilan Noise Control Manual, 1st Edition, Masoneilan International,

Inc.

 

Program 4
Two-Phase Flow
 

Program 4: User Instructions

a) Initiate program, press A.

b) Enter:

1. Liquid flow, pounds per hour Press R/S
2. Vapor flow, pounds per hour Press R/S
3. Inlet pressure, PSIG Press R/S

4. Pressure drop across valve, PSI Press R/S

5. Flowing temperature, °F Press R/S
6. Liquid specific gravity, dimensionless Press R/S

7. Vapor molecular weight, dimensionless Press R/S

8. Vapor compressibility factor, dimensionless Press R/S
9. Vaporratio of specific heats, dimensionless Press R/S

10. Liquid vapor pressure, PSIA Press R/S

11. Liquid critical pressure, PSIA Press R/S
¢) Program calculates pressure recovery factor F,, dimen-

sionless.



d)

€)
f)

8)

Two-Phase Flow 43

Enter:

12. Selected valve recovery factor F,, dimensionless Press R/S

13. Discharge pipe size, inches Press R/S

Program calculates preliminary C,.

Enter:

14. Selected valve size, inches Press R/S

Program calculates final C,.

Note: All data can be changed using the E subroutine.

 

Program 4: Tl 59 Data Sheet

 

PE EREFFEE EE Lor Eh iE Ey EHTE £

EHTR CF-CY

  

 

 

= EMTE “H FSIA

FEFEF TEE EE LEE EEF REE EHTE FSi

“oy CALE IH
EDLY EES

= EHTE LY
i 0. 94

SI PSIG EMTR DSCH FIFE SIZE

CALC PRELM CY

HF: IH

Program 4: Tl 59 Register Loading

PARTITIONING a a ’

479.59 i. Liz
i] oa

0. nn a. i0

0. ii 0. 1 1

0. oz (i 12
Gi az 0. 13

0. Ca 0. id

o 0s a. 13

0 Oe iN] 16
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00c DECODE LINES

18 40

19 41

21 a

22 44

23 43
24 4

2 a

27 439
2a S00

a0 42 52

a1 z 523

az 3 54

34 1 56
35 i 57
36 5a
ar 54

Program 4: Tl 59 Listing

SUBROUTINES 025 00 00 053 02 oz
026 00 a0 034 1a Ct

PRINT & STORE ag2?7 31 =i uss 69 ar
ozs 21 RSS ose 03 03

VARIABLES az9 V2 S5T+# asy 1g ot

000 ve LEBEL 030 01 Of oss 69 OP
cor 10 E° 021 73 RC# ose 04 04
ooz 29 CF 032 01 01 nen 69 OF
gaz 01 1 033 93 PRT 0&1 05 05
ood 44 SUM 034 &1 TO 02 22 RTH

gos Se a8 035 10 E*
co PRINT LINES

023
0z4

a STARS
OF 077 76 LEBEL

01 051
IFF asz

S
7

ov 58 ps ou] Cl £3 Gc

ons 22 INY 036 Fé LEBEL ea re cok
003 53 IHT az7 12 n° 05S o1 1

010 52 EE oz 01 1 O56 00 0
o11 22 IHY 039 44 Sud 057 00 0

g12 52 EE 040 58 52 Oss 48 EXC

013 6&7 EQ 041 73 RCs 0a Sa Sq
014 19 D° 042 58 53 a70 22 IHY
01s 25 + 043 Ve LBL orl S59 IHT
01é 05 5S 044 17 B® 0v2 49 FED
a1 07 7 04S 42 STO 073 59 5g
01s 95 = 045 53 59 O74 73 RC#
aie 17 B* 047 73 RC= 07S S59 ‘549
020 &2 OF 048 59 S59 O7é 92 RTH
021 21 21 049 £9 OP Se
022 73 RCs 0Sa 01 01 PRINT LINE OF

01 1a
87 £9
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Program 4: HP 41CV Data Sheet

oe fe He she she of he Ae He ke ok ok

* CV Z2PHRASE*

He se ofc de ok He ofc ok oe ok dk dk

ENTER LIQUID FLOW PPH
20,000. #88 3x

ENTER YAPOR FLOW PPH
460.808 =x

ENTER INLET PRSS PSIG
85.008 =e

ENTER dP PSI
36.000 ns

ENTER TEMP DEG F
86.000

ENTER L@D SG-
1.000

ENTER YAP MK
28.978

ENTER VAP 2
1.808

ENTER CP/CY
1.488

ENTER YAP PRS PSIA
9.608

ENTER CRT PRS PSIA
3,206.600

LEE]

3:

*%x

L228

*%%

MIN FL
0.602 2

ENTER VALVE FL
8.940 as

ENTER DISCH PIPE SIZE IN
3.008 2x
PRELIM

CALC

CALC
cv

15.198 x

ENTER VALY SIZE IN
2.986 3%

CALC cy
15.255 **%

ofc dc ofc of ofc ofc dk of ak ok ok ok



Control Valves

Program 4: HP 41CV Register Loading

 

R26= "% CV 2° RS4= "PRSS P*SIZE 080 R27= PHASES" RS55= “sesesse
ROG= 0.000904 R28= “LIQUID RS6= “CALC *
RO1= 9.00904 R29= * FLOW ° RS7= “ENTER *
RA2= 8.800030 R39= 26.270008 RS8= 50.008908
Ra3= 0.000099 R31= 57.232951 R59= 0.080900
RA4= 0.000090 R32= 57.522951 R68= "SIC *
ROS= 0.800008 R33= 57.535468 R61= *dP PSI
Ré6= 6.000000 R34= 57.616980 R62= “TEP D-
RO7= 6.603090 R3S5= 57.626390 R63= “ECF *
R8s= 0.00000 R36= 57.648900 R64= “LAD SG*
R@9= 0.000080 R37= 57.658009 R65= “YAP MW°
R16= 0.008084 R38= 57.669990 R66= "YAP 2 *
Ri1= 9.000800 R39= 57.670069 R67= =CP/CY *
R12= 0.009099 R48= 57.686999 R6S= “VAP PR"
R13= 9.080000 R41= 57.786990 R69= *S PSIA-
R14= 0.000900 R42= 9.90099 R78= “CRT PR"R15= 0.080000 R43= 56.719098 R71= “MIN FL®R16= 8.00009 Ré4= 57.727300 R72= “VALVE *
Ri7= 0.000000 R4S= 57.747576 R73= "FL *R18= 0.099090 R46= 0.800098 R74= “DISCH *R19= 0.009000 R47= 56.777800 R75= “PIPE §*
R28= 0.000800 R48= 57.797680 R76= IZE IN"R21= 0.009600 R49= 0.800090 R77= "PRELIM"
R22= 9.939609 R58= 56.780690 R78= = CV *R23= 0.000690 RS1= “PPH  - R79= VALY S*R24= 9.090809 RS2= “VAPOR *
R25= 0.000089 RS3= “INLET *

Program 4: HP 41CV Listing

SUBROUTINES 19 CLA 41 RCL IND S58
200LBL © 42 %=0?

B1eLBL “CY 2PH™ 21 ARCL IND 59 43 G10 d
82 G10 A 22 RCL 59 44 XEQ b

PRINT LINE OF 23 FRC ghSTARS 24 169 46 ST+ 81
25 + 47 RCL IND 01

B3¢LBL a 26 STO 59 48 TONE 9
84 FC? 35 27 X29? 49 FS? 89
85 RN 28 G10 ¢ 50 GTO 81
86 35.35 29 FC? 55 51 STOP
87 ADY 38 GTO 81 52 STO IND 0188 SF 12 31 PRA S3eLBL 8189 XEQ b 32 CF 12 S54 XEQ J18 ADY 33 RTN 55 GT0 e
11 RTN 340LBL 01
PRINT LINES ne RE-ENTER
120LBL 4 37 RIN VARIABLES13 SF 12 oLBL - $14 1 PRINT & STORE x Lo REENTER
15 ST+ 58 VARIABLES 53 1
16 RCL IND 58 380LBL © 59 +
170LBL b 391 68 STO 81
18 STO 59 48 ST+ 58 61 RCL IND 81



62 XEQ J
63 STOP
64 XEQ J
65 STO IND 81
66 RDY
67 SF 88
68 SF 82
69 STOP
78 GTO 82

BYPASS PRINTER

71¢LBL
72 FC? 55
73 GTO 81
74 PRY
75 RIN
76¢LBL @1
77 VIEW X
78 RTN

CALC P,
79¢LEL B
86 RCL #4
81 15
82 +
83 RIN

CALC T,
84¢lBL C
85 RCL 96
86 468
87 +
88 RIN

CALC X,
89¢LBL D
98 RCL 13
91 Xt2
92 .84
93 »
94 RTN

CALC F,

95¢LBL E
96 RCL 18
97 1.4
98 /
99 RN

CALC F¢

109¢LBL F
181 RCL 11
182 RCL 12
183 7

184 SRT
185 .28
186 +
187 CHS
168 .96
189 +
118 RIN

CALC v,
111¢LBL ©
112 18.72
113 Xea C
114 =
115 RCL 89
116 +
117 RCL 08
118 7
119 XE@ 8B
128 /
121 RTN

CALC v,

122¢LBL H
123 016833
124 RCL @7
125 7
126 RTN

CALCWo
w+ WwW,

127¢LBL 1
128 RCL B82
129 RCL 83
138 +
131 17%
132 RCL 83
133 +
134 RTN

MAIN PROGRAM

ENTER DATA

135¢LBL A
136 CF 82
137 1
138 STO 81
139 29
149 ST0 58
141 XEQ a
142 XE@ d
143 XEQ a
144 XEG e

CALC MIN F_

145¢L8L 82

Two-Phase Flow

146 XEQ B
147 Xe@ F
148 RCL 11
149 »
150 -
151 1X
152 RCL 83
153 »
154 SORT
155 FS? 82
156 GT0 01
157 XeQ J

CALC v,

158 XEQ e
159¢L8L 01
168 RCL 93
161 XEQ G
162 +
163 XEQ G
164 RCL 83
165
166 XEQ H
167 RCL 62
168 *
169 +

178 7
171 STO 16

CALC X

172 XEQ F
173 RCL 11
174 »
175 XEQ B
176 7
177 CHS
178 1
179 +
188 RCL 13
181 x12
182 »
183 1
184 RCL 16
185 -
186 *
187 XEQ E
188 XEQ D
189 »
198 RCL 16
191 »
192 +
193 S70 {7
194 RCL 95
195 XEQ B
196 7
197 RCL 17
198 XOY

49
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199 X(=Y? 226 RCL 17 251 X12
208 GTO 61 227 / 252 393
261 RDN 228 XEQ B 253 7
202¢+L8L 01 229 7 254 RCL 19
283 STO 17 230 SORT 255 RCL 1S

231 RCL 92 256 X12
232 RCL 83 257 7

CALC v, 233 + 258 X12
204 3 234 » 259 =
205 7 235 63.3 260 1

206 %EQ E 236 / 261 +

287 7 237 ST0 19 262 SORT

208 XEQ D 263 1/X%
289 / 264 STO 20

216 CHS

212 + 265 RCL 19
213 X12 238 FS? 82 266 RCL 20
214 17% 239 GT0 61 267 7
215 XE@ I 240 XEQ J 268 STO 21
216 = 241 XEQ e 269 XEO J
217 YEQ G 242 CF 99 279 FS? 88

218 » 243+LBL 81 271 STOP
219 1 244 1 272 ¥EQ a
220 ¥EQ 1 245 RCL 15 273 RCL 21
221 - 246 X12 274 VIEW %

222 XEQ H 247 RCL 14 275 BEEP
223 * 2438 X12 276 RADY

224 + 249 / 277 STOP
225 S70 18 258 - 278 .END.,

 

Program 4: Sequence of Calculations

1. Calculate minimum pressure recovery factor from process conditions.

 

P,F,=.96— 28 4[=
P

Cc

2. Calculate the specific volume of the gas.

_10.72T,Z
v

8 MP,
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. Calculate the specific volume of the liquid.

 
016033

Ve =

G;

. Calculate the volume fraction of the gas.

) Vv
We Ve

V, =
WV, + Weve

. Calculate the pressure drop ratio factor.

.. . 2 FP,
limited to a minimum of F; {1 — 5 (1-=V,) + FXV,)

1

where

Fo= k

“14

xX; = .84F;}

. Calculate the expansion factor.

Y=1- 

FX;

. Calculate the effective specific volume for the fluid and gas.

© Y? 6336;

. Calculate the preliminary valve size.

C = (w; + w,) Ve

Y 63.3 XP,



52 Control Valves

9. Calculate the piping geometry factor.

nel (0-6)G)]593 D d?

10. Calculate the final valve size.

O= preliminary C,
v OF,

Program 4: Nomenclature

C, Valve sizing coefficient, dimensionless

d Nominal valve size, inches

D Internal diameter of the piping, inches

fe Weight fraction of the gas, dimensionless

F, Liquid critical pressure ratio factor, dimensionless

F, Ratio of specific heats factor, dimensionless

F, Rated liquid pressure recovery factor, dimensionless

F, Piping geometry factor, dimensionless

G, Specific gravity (ratio of densities) of the liquid at flowing tempera-

ture compared to water at base conditions, dimensionless

k Ratio of specific heats, dimensionless

M Molecular weight, dimensionless

P, Upstream absolute static pressure, PSIA

P, Downstream absolute static pressure, PSIA
P. Critical pressure, PSIA
P, Vapor pressure (absolute) of liquid at inlet temperature, PSIA

AP Pressure drop (P, — P,) across the valve, PSI
AP, Terminal pressure drop, PSI
T, Absolute upstream temperature, °R

v, Effective specific volume for the fluid and gas, cubic feet per pound.

12 Specific volume liquid, cubic feet per pound

v, Specific volume gas, cubic feet per pound

V, Volume fraction of gas

w, Weight rate of flow—Iliquid, pounds per hour

w, Weightrate of flow—gas, pounds per hour

x Ratio of pressure drop to absolute inlet static pressure (AP/P,), di-
mensionless

X; Rated pressure drop ratio factor, dimensionless
Y Expansion factor,ratio of flow coefficient for a gasto that for a liquid

at the same Reynolds number, dimensionless

Zz Compressibility factor, dimensionless

References

J. W. Hutchison, ISA Handbook of Control Valves, 2nd Edition, ISA.
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Typical Data
 

Representative F, Factors at Full-Rated Travel for Full-Size Trim*
 

 

Valve Type Flow Direction Trim Type F,

Single-port or

Double-port globe either ported plug 0.85-0.95
Double-port globe either contoured plug 0.85-0.90

Single-port globe flow-to-open contoured plug 0.85-0.90

Single-port globe flow-to-close contoured plug 0.75-0.85
Angle flow-to-open contoured plug 0.85-0.90

Angle flow-to-close venturi 0.45-0.55

Ball characterized 0.60-0.65
Ball regular port 0.55-0.60
Butterfly 60° 055-0.65
 

*These values are typical only for the types shown. Variations may occur due to other types

of trim, full or reduced ports, and among manufacturers. (Extracted from ISA $75.01.)

F, Valve-Style Modifier, Dimensionless

The factor F, allows a single curve to correlate the data from a number of valve styles. F,

values of 1.0 can be used for V-notch ball valves and single-ported globe valves. An F, of

0.7 may be used for valves with two parallel flow paths such as double-ported globe valves
and butterfly valves. Caution must be used in applying the universal curve for other valve
styles when the F, has not been established. (Extracted from ISA S75.01.)

Physical Properties of Hydrocarbon Liquids
 

 

 

 

Specific Critical Vapor
Gravity, Pressure, Pressure,

No. Compound Formula 60°F/60°F PSIA 100°F, PSIA

1 Methane CH, 0.3 667.8 5000
2 Ethane C,H; 0.3564 707.8 800
3 Propane C,H; 0.5077 616.3 190.
4 n-Butane C,H, 0.5844 550.7 51.6
5 Isobutane C,H, 0.5631 529.1 72.2

6 n-Pentane C,H,, 0.6310 488.6 15.570

7 Isopentane C;H,, 0.6247 490.4 20.44
8 Neopentane CsH,, 0.5967 464.0 35.9

9 n-Hexane CsH,, 0.6640 436.9 4.956

10 2Methylpentane CsH,, 0.6579 436.6 6.767

11 3-Methylpentane CqH,, 0.6689 453.1 6.098
12 Neohexane CsH,, 0.6540 446.8 9.856

13 2,3-Dimethylbutane C¢H,, 0.6664 453.5 7.404
 

(table continued on next page)
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Physical Properties of Hydrocarbon Liquids (continued)
 

 

 

 

 

 

Specific Critical Vapor
Gravity, Pressure, Pressure,

No. Compound Formula 60°F/60°F PSIA 100°F, PSIA

14 n-Heptane C,H, 0.6882 396.8 1.620

15 2-Methylhexane C,H 0.6830 396.5 2.271

16 3-Methylhexane C,H 0.6917 408.1 2.130
17 3-Ethylpentane C,H, 0.7028 419.3 2.012
18 2,2-Dimethylpentane C,H, 0.6782 402.2 3.492
19 2,4-Dimethylpentane C,H 0.6773 396.9 3.292
20 3,3-Dimethylpentane C,H, 0.6976 427.2 2.773
21 Triptane C,H, 0.6946 428.4 3.374

22 n-Octane CH; 0.7068 360.6 0.537
23 Diisobutyl CsH,, 0.6979 360.6 1.101
24 Isooctane CH, 0.6962 372.4 1.708
25 n-Nonane C,H, 0.7217 332. 0.179

26 n-Decane C,0Hy, 0.7342 304. 0.0597

27 Cyclopentane CH, 0.7504 653.8 9.914

28 Methylcyclopentane C¢H,, 0.7536 548.9 4.503
29 Cyclohexane CsH,, 0.7834 591. 3.264

30 Methylcyclohexane CH, 0.7740 503.5 1.609

31 Ethylene C,H, — 729.8 —
32 Propene C,H, 0.5220 669. 226.4
33 1-Butene C,H; 0.6013 583. 63.05

34 cis-2-Butene C.H; 0.6271 610. 45.54
35 trans-2-Butene C,H; 0.6100 595. 49.80

36 Isobutene C.H, 0.6004 580. 63.40

37 1-Pentene C,H, 0.6457 590. 19.115

38 1,2-Butadiene C,H; 0.658 653. 20.

39 1,3-Butadiene C,H, 0.6272 628. 60.

40 Isoprene CH; 0.6861 558.4 16.672

41 Acetylene C,H, 0.615 890.4 —

42 Benzene CsH¢ 0.8844 710.4 3.224

43 Toluene C,H, 0.8718 595.9 1.032
44 Ethylbenzene CH, 0.8718 523.5 0.371

45 o-Xylene C:H,, 0.8848 541.4 0.264
46 m-Xylene CgH,, 0.8687 513.6 0.326

47 p-Xylene CsH,, 0.8657 509.2 0.342

48 Styrene CH, 0.9110 580. (0.24)
49 Isopropylbenzene CH,, 0.8663 465.4 0.188

50 Methyl alcohol CH,O 0.796 1174.2 4.63
51 Ethyl alcohol C,H,O 0.794 925.3 2.3
52 Carbon monoxide CO 0.801 507. —

53 Carbon dioxide CO, 0.827 1071. —
54 Hydrogen sulfide H,S 0.79 1306. 394.0
55 Sulfur dioxide SO, 1.397 1145. 88.
 

(table continued on next page)
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Physical Properties of Hydrocarbon Liquids (continued)
 

 

Specific Critical Vapor
Gravity, Pressure, Pressure,

No. Compound Formula 60°F/60°F PSIA 100°F, PSIA

56 Ammonia NH, 0.6173 1636. 212.

57 Air N,O, 0.856 547. —
58 Hydrogen H, 0.07 188.1 —

59 Oxygen 0, 1.14 736.9 —
60 Nitrogen N, 0.808 493.0 —

61 Chlorine Cl, 1.414 1118.4 158.

62 Water H,0 1.000 3208. 0.9492

63 Helium He — — —

64 Hydrogen chloride HCl 0.8558 1198. 925.
 

Physical Properties of Hydrocarbon Vapor
 

 

 

 

 

 

k*

(C,/C.) Mm
Acetaldehyde 1.14 44.05

Acetic acid 1.15 60.05

Acetylene 1.26 26.04

Air 1.40 28.97

Ammonia 1.33 17.03

Argon 1.67 39.94

Benzene 1.12 78.11

Butadiene 1.3 1.12 54.09

n-Butane 1.094 58.12

iso-Butane 1.094 58.12

Carbon dioxide 1.30 44.01

Carbon disulfide 1.21 76.13

Carbon monoxide 1.40 28.00

Chlorine 1.36 70.90

Cyclohexane 1.09 84.16

n-Decane 1.03 142.28

Dowtherm A 1.046 165.00

Ethane 1.22 30.07

Ethyl alcohol 1.13 46.07

Ethyl chloride 1.19 64.52

Ethylene (ethene) 1.26 28.05
Freon 11 1.14 137.37

Freon 12 1.14 120.92

Freon 22 1.18 86.48

Freon 114 1.09 170.93
 

(table continued on next page)
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Physical Properties of Hydrocarbon Liquids (continued)
 

 

 

 

 

 

k*

(C./C)) mM

Helium 1.66 4.00
n-Hexane 1.06 86.17
Hydrogen chloride 1.41 36.50
Hydrogen 1.41 2.016
Hydrogen sulfide 1.32 34.07

Methane 1.31 16.04
Methyl alcohol 1.20 32.04
Methyl butane 1.08 72.15

Methyl chloride 1.20 50.49
Natural gas 1.27 19.00

Nitric oxide 1.40 30.00
Nitrogen 1.40 28.00
Nitrous oxide 1.30 44.00
Nonane 1.04 128.25
n-Octane 1.05 114.22

Oxygen 1.40 32.00
n-Pentane 1.07 72.15
Propane 1.13 44.09
Propylene 1.15 42.08
Steam 1.324 18.02

Styrene 1.07 104.14
Sulfur dioxide 1.29 64.06
Toluene 1.09 92.13
 

*k-values at 14.7 PSIG and 600°F.
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Typical Data 57

Acoustical Efficiency: Conventional Valves
P,/P, > 1.5

 
1 1.5 2 3 4 5 678910

Courtesy Masoneilan International, Inc., Noise Control Manual

15 20
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Acoustical Efficlency
P,P, < 15

 

P,/P,
mn
 

C =1  C,=0.9 Ci=0.8 C = 0.7 C,=0.6
 

 

1.50

1.40

1.30

1.25

1.20

1.15

1.10

1.05

1.01  

7x10°%

5.2x10°5

2.8x10°3

1.9x10°°

1.2x10°°

6.4 x 1076

26x10

54x1077

1.4x107°8  

14x10

9.2x10°°

5.4x10°°

3.8x10°°%

2.5x10°%

1.4x10°5

6.6 x10

1.7x10°®

6.6x10°%  

21x10

1.5x10*

9.2x10°°

6.8x10°°

47x10

29x10°°

1.4x10°5

42x10

2.4x1077  

24x10

22x10

1.4x10*

1.1x10*

7.8x107°%

50x10°%

2.7x10°°

9.1x10°¢

7.1x1077  

3.8x10*

3.0x10™

21x10

1.6x 10

1.2x10™*

8.0x10°°

46x10°°

1.7x10°%

1.7x10°¢
 

Courtesy Masoneilan International, Inc., Noise Control Manual
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10°?

21000 Series LO-DB® Valves

(Multiply by 5.0 for 26000 LO-DB®)oD
N
O

5x10-*
77000 Series, Trim A

High Pressure Valves
3 (Multiply by 4.0 for Trim B).

Use conventional
valve prediction technique

for Trim C

A
c
o
u
s
t
i
c
a
l

Ef
fi

ci
en

cy
(n

)

4 LO-DB Expansion Plates

2 LO-DB Cartridges

41000 Series

10°¢ LO-DB 107
1.0 15 20 30 4 5 6 78910 15 20

PJP,

Acoustical Efficiency: LO-DB Equipment

Courtesy Masoneilan International, Inc., Noise Control Manual
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Variation of C, with Valve Opening
C, = F_

1.00

0.90

0.80

C:
0.70

0.60

0.50 0.40
0 20 40 60 80 100

Percent of Rated C,

1) DP Globe: V-Port (7) Control Ball

2) SP Globe: Flow-to-open (8) Split Body: Flow-to-close

3) Camflex: Flow-to-open (9) DP Globe: Contoured

4) Split Body: Flow-to-open (10) SP Globe: Flow-to-close

5) Camflex: Flow-to-close (11) 71000 Series Angle Valve:

6) Butterfly (MiniTork) Flow-to-close

Courtesy Masoneilan International, Inc., Noise Control Manual
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Pipe Data*

Identification

Nom- Out- Steel Stain- Wall Inside

inal side ee less  Thick- Diam-
Pipe Diam- Iron Steel ness eter
Size, eter, Pipe Sched. Sched. (t) (D)
Inches Inches Size No. No. Inches Inches

— — 10S .049 .307

Lg 0.405 STD 40 40S .068 .269

XS 80 80S .095 215

— —_ 10S .065 410

Vs 0.540 STD 40 408 .088 .364
XS 80S 80S .119 .302

— — 10S .065 .545

3% 0.675 STD 40 40S .091 .493

XS 80 80S .126 423

— — 5S .065 710

— ee 10S .083 .674

STD 40 40S .109 .6221

2 0840 yg 80 80S 147.546
— 160 — .187 .466

XXS — — .294 252

— — 5S .065 .920

— — 10S .083 .884

STD 40 408 .113 .8243

/ 1.503 XS 80 80S .154 .742

— 160 —_ .219 .612

XXS — —_ .308 434

ee — 5S .065 1.185

— — 10S .109 1.097

1 1.315 STD 40 408 .133 1.049

’ XS 80 80S .179 .957

— 160 — .250 .815

XXS — — .358 .599

— — 5S .065 1.530

—_ —_ 10S .109 1.442

STD 40 408 .140 1.380
1

a 1660 yg 80 80S 191 1.278
en 160 — .250 1.160

XXS — — .382 .896

—_— —_ 5S .065 1.770

ee — 10S .109 1.682

1 1.900 STD 40 408 .154 1.610

XS 80 80S .200 1.500

61

*Identification, wall thickness, and weights are extracted from ANSI B36 19. The notations

STD, XS, and XXSindicate standard,extra strong, and double extra strong pipe, respectively.

(Table continued on next page)



62 Control Valves

Pipe Data* (continued)
 

 

 

 

 

 

 

Identification

Nom- Out- Stain- Wall Inside

inal side Stel jess Thick- Diam-
Pipe Diam- Iron Steel ness eter
Size, eter, Pipe Sched. Sched. (t) (D)
Inches Inches Size No. No. Inches Inches

— 160 — 218 1.338

XXS — — .400 1.100

— ee 5S .065 2.245

_ _ 10S .109 2.157

STD 40 40S .154 2.067

2 2.575 XS 80 80S 218 1.939

re 160 — .344 1.687

XXS ee —_ .436 1.503

— ee 5S .083 2.709

— — 10S .120 2.635

STD 40 40S .203 1.469
1

24 2815 xg 80 80S 276 2.323
ee 160 —_ .375 2.125

XXS — — .552 1.771

—_ —_ 5S .083 3.334

—_— — 10S .120 3.260

STD 40 40S 216 3.068

3 3.500 XS 80 80S .300 2.900

— 160 — 438 2.624

XXS — re .600 2.300

— — 5S .083 3.834

me —_ 10S .120 3.760
1

4 4000 op 40 40S 226 3.548
XS 80 80S .318 3.364

— — 5S .083 4.334

—_— rm 10S .120 4.260

STD 40 408 .237 4.026

4 4.500 XS 80 80S .337 3.826

— 120 — .438 3.624

—_ 160 en 531 3.438

XXS en mn .674 3.152

_— — 5S .109 5.345

— wee 10S .134 5.295

STD 40 40S .258 5.047

5 5.563 XS 80 80S 375 4.813

— 120 rm .500 4.563

— 160 — .625 4.313

XXS — — .750 4.063
 

*Identification, wall thickness, and weights are extracted from ANSI B36 19. The notations
STD, XS, and XXSindicate standard, extra strong, and double extra strong pipe, respectively.
(Table continued on next page)
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Typical Data

 

Identification

 

 

 

 

Nom- Out- Stain- Wall Inside
inal side Steel less  Thick-  Diam-
Pipe Diam- Iron Steel ness eter
Size, eter, Pipe Sched. Sched. (t) (D)
Inches Inches Size No. No. Inches Inches

— — 58 .109 6.407

— — 10S .134 6.357

STD 40 408 .280 6.065

6 6.625 XS 80 80S .432 5.761

— 120 — .562 5.501

— 160 —_— 719 5.187

XXS — — .864 4.897

— — 58 .109 8.407

— — 10S .148 8.329

— 20 — .250 8.125

— 30 — 277 8.071

STD 40 40S .322 7.981

— 60 — .406 7.813

8 8.625 XS 80 80S .500 7.625

— 100 — .594 7.437

ee 120 — .719 7.187

re 140 — .812 7.001

XXS — — .875 6.875

— 160 — .906 6.813

cee — 58 .134 10.482

en — 10S .165 10.420

— 20 — .250 10.250

— 30 —_ .307 10.136
STD 40 408 .365 10.020

10 10.750 XS 60 80S .500 9.750

— 80 — .594 9.562

— 100 — .719 9.312

— 120 — .844 9.062

XXS 140 — 1.000 8.750

— 160 — 1.125 8.500

— — 58 .156 12.438

— — 10S .180 12.390
— 20 — .250 12.250

— 30 — .330 12.090

STD — 40S .375 12.000

_ 40 — .406 11.938

12 12.75 XS — 80S .500 11.750

— 60 — .562 11.626

— 80 — .688 11.374

— 100 — .844 11.062

63

*Identification, wall thickness, and weights are extracted from ANSI B36 19. The notations

STD, XS, and XXS indicate standard, extra strong, and double extra strong pipe, respectively.

(Table continued on next page)
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Pipe Data* (continued)
 

 

 

 

 

Identification

Nom- Out- Stain- Wall Inside
inal side ___St®® less  Thick- Diam-
Pipe Diam- Iron Steel ness eter
Size, eter, Pipe Sched. Sched. (t) (D)
Inches Inches Size No. No. Inches Inches

XXS 120 — 1.000 10.750

— 140 — 1.125 10.500

— 160 — 1.312 10.126

— — 58 .156 13.688

ee — 10S .188 13.624

— 10 — .250 13.500

— 20 — 312 13.376

STD 30 — .375 13.250

— 40 — .438 13.124

14 14.00 XS — — .500 13.000

— 60 — .594 12.812

— 80 — .750 12.500

— 100 — .938 12.124

— 120 — 1.094 11.812

— 140 — 1.250 11.500

ee 160 — 1.406 11.188

— — 58 .165 15.670

— — 10S .188 15.624

— 10 — .250 15.500

re 20 — 312 15.376

STD 30 — .375 15.250

XS 40 — .500 15.000

16 16.00 — 60 — .656 14.688

— 80 — .844 14.312

— 100 — 1.031 13.938

— 120 —_— 1.219 13.562

— 140 mn 1.438 13.124

— 160 — 1.594 12.812

— — 58 .165 17.670

— — 10S .188 17.624

— 10 —_— .250 17.500

— 20 —— 312 17.376

STD — —_— .375 17.250

—_ 30 — .438 17.124

XS — — .500 17.000

18 18.00 — 40 — .562 16.876
— 60 — .750 16.500

_ 80 —_ .938 16.124

— 100 — 1.156 15.688

— 120 — 1.375 15.250

*Identification, wall thickness, and weights are extracted from ANSI B36 19. The notations

STD, XS, and XXSindicate standard, extra strong, and double extra strong pipe, respectively.
(Table continued on next page)
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Pipe Data* (continued)
 

Identification

 

 

 

 

Nom- Out- Stain- Wall Inside

inal side Steel less  Thick- Diam-
Pipe Diam- Iron Steel ness eter

Size, eter, Pipe Sched. Sched. (t) (D)
Inches Inches Size No. No. Inches Inches

— 140 — 1.562 14.876
— 160 — 1.781 14.438

— — 58 .188 19.624

— — 10S 218 19.564

re 10 — .250 19.500

STD 20 — .375 19.250

XS 30 —_— .500 19.000

—_— 40 — .594 18.812

20 20.00 —_ 60 — .812 18.376

—— 80 — 1.031 17.938

— 100 — 1.281 17.438

— 120 — 1.500 17.000

en 140 — 1.750 16.500

ee 160 — 1.969 16.062

— — 5S .188 21.624

— 10 10S .218 21.564

— 20 — .250 21.500

STD 30 — .375 21.250

XS 40 — .500 21.000

22 22.00 — 60 oe .875 20.250

— 80 —— 1.125 19.75

—_ 100 ee 1.375 19.25

— 120 — 1.625 18.75

— 140 — 1.875 18.25

— 160 — 2.125 17.75

— — 5S 218 23.564

— 10 10S .250 23.500

STD 20 — .375 23.250

XS — — .500 23.000

— 30 — .562 22.876

_ 40 — .688 22.624

24 24.00 60 — 969 22.062
— 80 — 1.219 21.562

— 100 — 1.531 20.938

— 120 — 1.812 20.376

— 140 — 2.062 19.876

— 160 — 2.344 19.312
 

65

*Identification, wall thickness, and weights are extracted from ANSI B36 19. The notations

STD, XS, and XXS indicate standard, extra strong, and double extra strong pipe, respectively.

(Table continued on next page)
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Pipe Data* (continued)
 

 

 

 

 

 

 

Identification

Nom- Out- | Stain- Wall Inside

inal side Steel ggg Thick- Diam-
Pipe Diam- Iron Steel ness eter
Size, eter, Pipe Sched. Sched. (t) (D)
Inches Inches Size No. No. Inches Inches

— 10 — 312 25.376
26 26.00 STD — ee .375 25.250

XS 20 — .500 25.000

— 10 — 312 27.376
STD — _ 375 27.250

28 28.00 XS 20 — .500 27.000

— 30 _ .625 26.750

— — 5S .250 29.500

— 10 10S 312 29.376

30 30.00 STD — — 375 29.250

XS 20 — .500 29.000

— 30 — .625 28.750

— 10 — 312 31.376

STD en en .375 31.250

32 32.00 XS 20 en .500 31.000

— 30 — .625 30.750

— 40 — .688 30.624

en 10 — 344 33.312

STD — — .375 33.250

34 34.00 XS 20 — .500 33.000

— 30 — .625 32.750

— 40 — .688 32.624

— 10 — 312 35.376

STD _ —_— 375 35.250

36 36.00 XS 20 — .500 35.000

_ 30 —_ .625 34.750

— 40 — .750 34.500
 

*Identification, wall thickness, and weights are extracted from ANSI B36 19. The notations STD, XS,
and XXS indicate standard, extra strong, and double extra strong pipe, respectively.



CHAPTER THREE

Pressure Drop
Across Control Valves
Program 5 Line Pressure Drop

Typical Data

 

 

This program is not an instrument engineering program but is included

so that the pressure drop available across a control valve may be determined

if the piping configuration is known.

In order for a control valve to regulate flow, there must be a pressure

drop across it. For good control, this pressure drop should be proportional

to the pressure drop incurred in the associated piping system. The program

will calculate the pressure drop through the associated piping system; the

pressure drop for the control valve should be 50% of this calculated value.

For valves controlling flow on the discharge of centrifugal pumps, many

process engineers take an arbitrary 10 PSI drop across the valve.

The formulas used here are suitable for both liquid and vapor flows. How-

ever, for gas calculations, if the dynamic loss exceeds 10% ofthe inlet pres-

sure, the calculation should be made for increments of less than 100 feet,

with the gas density corrected for each section.

For a more in-depth description, refer to Crane Technical Paper No.

410C, Flow of Fluids Through Valves, Fittings and Pipe.

 

Program 5
Line Pressure Drop
 

Program 5: User Instructions

a) Initiate program, press A.

b) Enter:
1. Flowrate, pounds per hour Press R/S

67



68 Pressure Drop Across Control Valves

2. Density (specific weight), pounds per cubic foot Press R/S

3. Absolute viscosity, centipoises Press R/S

4. Pipeline inside diameter, inches Press R/S

c) Program calculates pressure drop (PSI per 100 feet) and

velocity (feet per second).
d) If it is desired to investigate different line sizes, press

B and re-enter:

5. Pipeline inside diameter, inches Press R/S

e) Program will recalculate pressure drop (PSI per 100

feet) and velocity.

A reasonable velocity for liquids is 10-15 feet per second; for gases and

vapors, 100-150 feet per second. When a satisfactory velocity is found,

calculate the system dynamic loss as

(cucu pressure drop per 100 ft X 50

where the total equivalent length is the straight lengths of pipe plus the
equivalent lengths ofthe fittings as determined by the nomograph on page

76. The pressure drop across the control valve should be 50% of this figure.

Any change in elevation of the pipe will produce a static head, which

may have to be allowed for in the valve.

total equivalent length
——— PSI

Note: If conditions are selected which result in R,, in the critical zone
(2000-3000), the program will ask for a different line size.

 

Program 5: Tl 59 Data Sheet

LINE PRESSURE DROP EHTR LIME DIA IHS
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Line Pressure Drop

Program 5: Tl 59 Register Loading
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Program 5: Tl 59 Listing
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Program 5: HP 41CV Data Sheet
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ENTER FLON PPH
5,000.000 7s

ENTER DENSITY PPCF
55.090 2

ENTER YISCOSITY cP
5.000 >

ENTER LINE DIA INS
3.868 =e

CRITICAL RD
2,056.714 3

ENTER LINE DIA INS
2.067 sas

CALC dP-100
FT

8.178 5x

CALC VELOCI
TY FPS

1.084 he

ENTER LINE DIA INS
4.026 $3

CALC dP-100
FT

8.9806 "ne

CALC VELOCI
TY FPS

8.286 *e

He ofc oc He oc de He oe Hk fe kok
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Program 5: HP 41CV Register Loading

SIZE 080 R26= = sLINE® R54= 0.000000

R27= = dPs © R35= ssesss”
RO0= 0.000000 R28= 0.000000 RS6= °CALC *
Re1= 0.000000 R29= 26.276000 R57= “ENTER *
R62= 0.000008 R30= 57.394000 RS8= 0.000000
R83= 6.000000 R31= 57.414200 RS9= 0.000000
RO4= 0.000090 R32= 57.434400 R69= 0.000000
RO5= 0.000000 R33= 0.600000 R61= 0.000000
RO6= 0.000080 R34= 57.454600 R62= 0.000000
RO7= 0.000090 R35= 0.000090 R63= 0.600008
R88= 0.000000 R36= 51.520000 R64= 0.000000
RO9= 0.080000 R37= 56.474300 R65= 0.000000
R18= 0.090600 R38= 56.493000 R66= 0.000000
Ri1= 0.000000 R39= “FLOW P- R67= 6.000000
Ri2= 0.000080 R4A= “PH * R63= 0.000000
R13= 9.000808 R41= °DENSIT- R69= 0.800000
Ri4= 0.000000 R42= °Y PPCF* R76= 9.008000
R15= 0.000000 R43= °YISCOS* R71= 0.000000
R16= 2.000000 R44= "ITY cP R72= 0.900000
R17= 0.066090 R45= “LINE D* R73= 0.000000
R18= 0.000000 R46= "IA INS* R74= 0.0089980
R19= 0.686080 R47= =dP/188° R75= 0.000000
R20= 0.000000 R48= “FT * R76= 0.000800
R21= 0.000006 R49= °VELOCI" R77= 0.000800
R22= 0.000000 R58= °TY FPS® R78= 0.000089
R23= 0.608000 RS1= =CRITIC" R79= 0.000000
R24= 0.000800 RS2= "AL RD"
R23= 0.000008 R93= 0.000080

 

Program 5: HP 41CV Listing

SUBROUTINES 18 ST0 59 41 RCL IND S8
19 CLA 42 ¥=0?

BLOLBL “LINE oP" 200LL RINa2 50 A 21 ARCL IND 59 44 XEQ b
22 RCL 59 $1
23 FRC 46 ST+ 61PRINTLINE OF 24 180 47 RCL TND 81
25 + 43 TONE 9

B3¢LBL a 26 STO 59 49 FS? 00
94 FC? 55 27 X#8? 58 GTO 0185 RTN 28 GTO ¢ 51 STOP
9 55.55 29 FC? 55 52 STO IND 8187 AY 38 GTO 81 S3eLBL 6108 SF 12 31 PRA 54 XEQ J09 XEQ b 32 CF 12 55 GT0 e
18 ADY 33 RTH
11 RIN

Sate RE-ENTER
3 VIE VARIABLES

Pr LINES 37 RIN S6eLBL “RENTER
¢rd PRINT & STORE o
" VARIABLES = +
15 ST+ 58 380LBL e 66 STO 1
16 RCL IND 58 91 61 RCL IND 81
17¢LBL b 40 ST+ 58 62 XEQ J



63 STOP
64 XEQ J
65 STO IND 81
66 ADV
67 SF 98
68 SF 82
69 STOP
78 GTO B

BYPASS PRINTER

71eLBL J
72 FC? 55
73 GTO 61
74 PRX
75 RTN
76+LBL 81
77 VIEW X
78 RIN

MAIN PROGRAM

ENTER DATA

79¢LBL A
80 |
81 STO 81
82 28
83 STO 58
84 XEQ a
85 Xea d
86 XEG a
87 XEQ e
88 CF 02

ENTER PIPE SIZE

89+LBL B
9 4
91 STO 81
92 33
93 ST0 58
94 XEQ e

CALC R,
95 .819
96 ST0 07
97 6.31
98 RCL 82
99
198 RCL 85
181 /
182 RCL 84
183 /
184 STO 86

DETERMINE FLOW
ZONE

185 3009
186 X¢=Y?

187 G10 6
1688 RCL 86
189 2000
{18 X>y?
{11 GTO 82
112 XEQ d
{13 RCL 86
114 ¥EQ

115 GTO "NEW SZE*

CALC f
LAMINAR FLOW

116¢LBL 82
117 64
118 RCL 86
19
128 STO 67
121 GTO 83

CALC f
TURBULENT FLOW

122¢L8BL G
123 RCL 97
124 PSE
125 SRT
126 17%
127 2.51
128 »
129 RCL 86
129 /
131 .8918
132 RCL 85
133 7
134 3.7
135 7
136 +
137 STO 99
138 -.8636
139 *
148 RCL 07
141 -1.9
142 YX
143 .S
144
145 +
146 STO 08
147 RCL 79
148 LOG
149 -2
150 *
151 RCL 67
152 SRT
153 17%

154 -
155 RCL @8
156 7
157 ST- 07
158 ABS

Line Pressure Drop 73

159 .600091
168 XOY
161 X>¥?
162 GTO 6

CALC dP/100 ft

163¢LBL 03
164 36
165 STO 58
166 XEQ d
167 RCL 87
168 .A98336
169
178 RCL 82
171 %t2
172
173 RCL 03
174 7
175 RCL 85
176 5
177 Y%
178 /
179 ST0 19
180 ¥EQ J

CALC VELOCITY

181 XEQ d
182 RCL 92
183 RCL 03
184 /
185 969
186 /
187 PI
188 /
189 RCL @5
198 12
191 /
192 Xt2
193 /
194 XEQ J
195 FC? 90
196 STOP

197 £5? 82
198 STOP
199 CF 88
290 XEQ a
201 RCL 10
282 YIEN X
203 BEEP
204 ADY
205 STOP

TRY DIFFERENT SIZE
PIPE

2864LBL “NEN S2E°
207 CF oe
288 CF 82
289 ADY
218 GTO B
211 END.
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Program 5: Sequence of Calculations

1. Calculate Reynolds number.

= 631W
D Dp.

Reynolds numbers up to 2000 indicate laminar flow; those greater than

3000 indicate turbulent flow. The critical zone 2000-3000 is not calcu-

lated. The program will request a different pipe diameter to avoid the

zone.

2. Laminar-flow friction factor.’

3. Turbulent-flow friction factor (the Colebrook equation).

1 (2 2.51
—_—=-=2 log — -
Vf 31D  R,\Vf

Solve by iteration:

 

 
.0018 = 1

let Fx = —2108 (228 — -—
3.7D R, Vf

and

0018 2.51) f°”
F'x = 8686 —— + —— - =

31D RV 2

Start with f = .019 and calculate Fx/F'x. If greater than .000001, sub-
tract Fx/F'x from the current value of f and repeat until the error is

smaller than .000001.

4. Calculate line pressure drop per 100 feet.’

000336fW?
AP S

D Yr
PSI per 100 feet



Line Pressure Drop 75

5. Calculate line velocity.

v = —— feet per second
900,wD"

Program 5: Nomenclature

D Internal diameter of pipe, inches

f Friction factor, dimensionless

AP Pressure drop factor, PSI per 100 feet of pipe
R, Reynolds number, dimensionless

W Rate of flow, pounds per hour

v Velocity through pipe, feet per second

¥; Density or specific weight, pounds per cubic foot

iw Absolute viscosity, centipoises

Literature Cited

1. Crane Company Technical Paper No. 410C.

2. Crane Company Technical Paper No. 410C.
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Typical Data

A
Globe Valve, Open ____

&
Angle Valve, Open

 

Fully Open

(D>
Close Return Bend

Standard Tee
Through Side Outlet

J(E
Standard Elbow or runof |

Tee reduced 1A

pa
Medium Sweep Elbow or
run of Tec reduced 14

{al
Long Sweep Elbowor
run of Standard Tec

Swing Check Valve,py

 

 

} 500

Standard Tee L

/ = 300
200

Square Elbow |

 

 

F
t <
<

 

 
 

 

      
- 30

4 [~ 20

b— =

al [

4 5

I Ordinary Entrance -3

2

D — ~

Sudden Contraction 1
d/p- 14

\—9p-% -

5 ©
45° Elbow 0.2

B 0.1

(Courtesy the Crane Company)

Gate Valve | 3000

34 Closed -

14 Closed [- 2000
——14 Closed -

Fully O
uly Hpen 1000

Eq
ui
va
le
nt

Le
ng

th
of

| S
tr
ai
gh
t
Pi
pe
,
Fe
et

/
N
o
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l
Di
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et
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,
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Resistance of Valves

and Fittings to Flow of Fluids
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CHAPTER FOUR

Flow Elements
 

Program 6 Liquid Flow—Orifice Plate, Flange Taps

Program 7 Liquid Flow—Orifice Plate, Pipe Taps

Program 8 Liquid Flow—Flow Nozzle and Venturi

Program 9 Liquid Flow—Universal Calculation

Program 10 Gas or Vapor Flow—Orifice Plate, Flange Taps

Program 11 Gas or Vapor Flow—Oirifice Plate, Pipe Taps

Program 12 Gas or Vapor Flow—Oirifice Plate, Corner Taps

Program 13 Gas or Vapor Flow—Flow Nozzle and Venturi
Typical Data

 

The most popular method of measuring flow is by inserting a restriction

in the line and measuring the pressure differential across it. This method is

simple, reliable, acceptably accurate for most process flow applications, in-

expensive, and well understood.

The permanent pressure loss caused by the restriction varies with the de-

vice selected. The square-edge orifice plate causes a permanent pressure loss

between 50% and 90% of the differential—typically 60% of 50 inches of

water at operating flow, approximately equal to 1.1 PSI. The venturi tube

causes a typical loss of only 0.2 PSI; the flow tube is somewhere between

these two.

The power savings realized when using the low-loss devices on large

flows will very often pay for their greater initial cost in a short period of

time. For this reason venturies will often be found on large water lines, and

flow nozzles will be found on boiler feedwater and steam lines and on cen-

trifugal compressor discharge lines. A modification ofthe pitot tube is avail-

able which also has a very low permanent pressure loss and a significantly

lower price than the venturi. This is sized in Programs 17 and 18.

There are several pressure-tap locations available for use with orifice

plates. By far the most popular are the orifice flange taps.

Orifice flanges are special wide flanges (300 pound minimum rating)

having two equally spaced taps around the circumference at a distance of

15/16 inch from the flange face. On horizontal lines they can be installed

77



78 Flow Elements

with the taps at the 45° points, thereby providing the choice ofliquid or gas

taps for each location. An option is to install them in either the vertical or

horizontal plane. However, the bottom tap tends to be a sediment trap and

should not be used.
Pipe taps 2.5 pipe diameters upstream from the orifice and 8 pipe di-

ameters downstream are sometimes used on large-diameter alloy pipe where

the cost of orifice flanges may be high. Pipe taps do not have the flexibility

of flange taps, and being field constructed they are more prone to manu-

facturing error.
Corner taps are sometimes used on pipe sizes smaller than two inches in

order to get a measurement of the differential pressure closer to the orifice

plate.
All devices measuring flow by differential pressure require a reasonable

length of straight pipe upstream and downstream from the device (typical

flow elements are shown in Figure 4-1). The amount of straight pipe is

dependent on upstream piping geometry and the beta ratio. Curves showing

various configurations are available from ASME and AGA. A typical re-

quirement is 20 pipe diameters upstream and 5 downstream. However, a

valve in the upstream line increases the upstream requirement considerably.

The calculations for sizing these devices assume that the pipe is reason-

ably round, straight, and smooth, and that the taps are cylindrical and burr

free.

The best way to ensure that these requirements are met is to purchase

prefabricated meter runs. These are made from selected pipe under more

favorable conditions than field construction. Prefabricated calibrated meter

runs are also available. Their cost is rarely, if ever, justified.

There are several things to consider when sizing these devices. The first

is that the flow is directly proportional to the square root of the differential

pressure. This gives limited turn-down capability. Flows less than 30% of

the maximum chart range are difficult to read. If the rangeability must be

larger than 3:1, two transmitters can be used if the cost can be justified.

Size the orifice plate so that normal flow is 70%—80% of the maximum

range. This is slightly over the mid-range of the differential pressure and

allows for reasonable deviations of flow both above and below normal.
It has been the practice to round out the maximum range so that an even

chart multiplier is obtained. With a computer performing plant material bal-
ances, it is becoming more prevalent not to do this because the computer
uses more accurate, or different, process data than those for which the orifice
plate was calculated. Thus, the chart multiplier inevitably becomes an awk-
ward number. A better choice under these circumstances is to round out the
orifice bore size to the nearest eighth of an inch, thus making it possible to
keep an inventory of standard sizes.
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the sharp, square-edged,
| thin-plate concentric

 

orifice plate

typical
weldneck
orifice
flanges

0.304d t= <0.03d
03d]
 

 

high-pressure" , low-pressure
connection.” connection

2
0
.
0
3
d
»
!
l
e
—

1.
5d

flow —_—

flow —» : E    
lo-loss flow tube  

the ISA flow nozzle

Figure 4-1. Typical flow elements. (figure continued on next page)
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i . i round toFigure 4-1 continued 35 to 3.75d radius

d1

round to |
— 0 to 1.375d radius 19°-23 d 5°-15°

x —|
| 4/2) fe—

-_ X|

critical dimensions of the classical venturi tube

A differential range of 100 inches of water provides a good compromise

of instrument sensitivity and ease of calibration and will fit most flow sit-

uations. Gas flows should be limited so that the numerical value of the dif-

ferential range in inches of water does not exceed the upstream pressure in

PSIA (i.e. a differential range of 100 inches of water requires an upstream

pressure of 100 PSIA). This eliminates expansion factor problems.

For best overall accuracy the beta ratio should be within the limits

0.25-0.7, preferably around 0.6. If it falls outside of these limits, change

the differential range and recalculate. Where it is not possible to change the

differential range, the meter run size can be changed.

Accuracy of the Calculation

The accuracy is limited by the process data. The formulas used have been

proven over the years, and all applicable correction factors are included in

the program.

Most ofthese data are based on The Principles and Practice ofFlowmeter

Engineering by L. K. Spink. It is recommended that a copy be obtained for
reference purposes.

 

Program 6
Liquid Flow—Orifice Plate, Flange Taps

Program 6: User Instructions

a) Initiate program, press A.
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b) Enter:

1. Flowrate, pounds per hour Press R/S
2. Flow temperature, °F Press R/S
3. Specific gravity at flow temperature, dimensionless Press R/S

4. Differential range, inches of water Press R/S

5. Pipe inside diameter, inches Press R/S

6. Absolute viscosity, centipoises Press R/S

¢) Program calculates beta ratio (dimensionless) and ori-

fice bore (inches).

d) If an even-sized orifice bore is required, press C and

enter:

7. Required orifice bore, inches Press R/S

e) Program will calculate beta ratio (dimensionless) and

new flowrate (pounds per hour).

Notes:

1. The E subroutine is available to re-enter data and recalculate.

2. Viscosity correction is automatic.
3. If the orifice plate material is not 316SS or 304SS, see Table of Equal

Thermal Expansion Temperatures for Various Orifice Plate Materials,

page 162.

 

Program 6: Tl 59 Data Sheet

FREESE R ERE L Lay cE EHIR VISCO CF
GO. 2

LIaD ORIFICE CALC CALL ZETA RATIO
FLRHEZE TARFS - SELINA

CAL: ORIFICE IH
2. 3E91Z6241

   
EMTR FLEE FFH

noo THE

EHTR TEM F IH:
if

EMTE Zi
Gi. 95

EHMTE TIFF RAHGE IH Wf

Too,
EMTR FIFE ID IHS

4, 0Z6 REE EERE oS Eh SE
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Program 6: TI 59 Register Loading

  

   
  

 

0. 04
0. iQ

i 11
iz

PARTITIONING 2513372432. 29
479.59 28. 545356 20

41,5251 31
0. no 16. 4227 32

io. 01 36. 2426 33

i. na 3033. 25 24
C. no 504545 35
fl. bd 473233 36
tl. HS 23. 4645 27
a. De = 200 2

0. 07 é . Za

I. as 5d . 40

34 41
73 42
2 42

0. 13 45

iH. 14 46
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Program 6: TI 59 Listing

  

 

SUBROUTINES gid 1% n° - ns 3

PRINT & STORE ais &5 + Sola ps)
VARIABLES aie 05 024 1z i=

0i7 a7 7 025 73 RC:
Goo YE LEBEL ig as = ne 1 0t
aol ig E*® oi {7 p° ozzy 29 PET

oz 29 CP ozo £9 OF ozs £1 G70
a0= a1 i 021 21 2 i: ing"

ood 44 Sip azz 73 RCs

oos 58 52 023 0 0
O06 73 ROC Oza a FE PRINT LINES
ooy ss 58 025 00 go 040 76 LEL
aos 22 IHW O26 Qo 00 041 i3 oe
00% 59 INT 027 35 35 D422 oi i
010 52 EE 02s 91 RS 043 44 SUH
aii 22 IHW gz9 72 S5T7= od44 55 58

ogiz 52 EE oz 01 Ot 04s P32 RCs
ois &7Y Ef oi 93, 04a 52 52
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(Program 6: HP 41CV Data Sheet on next page)
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Program 6: HP 41CV Data Sheet

He kc 3ok dk He 3 dk He ofc dfof

ORIFICE LI@D
FLANGE TAPS

He 3c hk ofc A of A ok He oe Hedk

ENTER FLOW PPH
100.000.0080  s3¢

ENTER TEMP DEG F
150.0008  s3«

ENTER SG
8.9880 $x

ENTER DIFF RANGE INS H20
100.0008 sss

ENTER PIPE ID INS
4.0260 "x

ENTER YISCOSITY cP
0.8000 222

CALC BETA
RATIO

8.5818 7x
CALC ORIFICE
BORE INS

2.3391 3:
Shc she oc oc sfc Hk ofc Hk ok Hc skok

 

Program 6: HP 41CV Register Loading

SIZE 080
RGG= 0.000009
RO1= 8.800998
R82= 0.009008
R3=  ©.08p0A00
RB4= i
RO5= 0.800096
R86= 9.800009
R87= 8.000000
R= @.089000
RE9= 9.000008
R18= 0.80000
R1l= 0.000000
RI2= 9.000000
RI3= 9.800000
R14= 9.800008
RI5= ©.000000
R16= 9.800000
RI7= 9.000000
RI8= 0.800000
R19= 1,200.000060
R28= 3.328208
R21= 5.425000
R22= 1.196000
R23= 0.000019
R24= 0.518048
R25= 6.425000

R26= 0.056708
R27= 2,831.060880
R28= 0.000080
R29= 0.000000
R38= 72.450808
R31=  46.470000
R32= 57.484900
R33= 57.585180
R34= 57.520008
R35= 57.535468
R36= 57.616200
R37= 57.636480
R38= 0.008000
R39= 56.656680

Rdf= 71.676869
R41= 57.787273
R42= 9.000000
R43= 56.656600
R44= 56.484960
R45= “E LIGD*
R46= =FLANGE"
R47= = TRPS*
R48= “FLOWN °
R49= =PPH *
RS58= “TEMP D°
RS51= “EG F -*
RS52= =SC  -°

2.3391

ENTER REQD ORIFICE INS
2.3750 5%

CALC BETA

RATIO
0.5899 5%

cAaLc FLOW
PPH

103,700.4948 202

ofc 3k ok ac ofc 3k 3k de ofc oe He

RS3= “DIFF R*
R34= “ANGE I°
R55= “assess

R56= “CALC -
R97= “ENTER *
R58= 44,000000
R59= 9.000000
R68= =NS H20°
R61= “PIPE I*
R62= °D INS *
R63= -YISCOS*
R64= “ITY cP*
R65= “BETA *
R66= "RATIO *
R67= “RIFICE"
R68= = BORE *
R69= “INS °
R76= “REQD *
R71= =CALC 0°
R72= “ORIFIC"
R73= "E INS *
R74= 9.000094
R75= 0.000008
R76= 0.000008
R77= 0.000000
R78= 0.000000
R79= 0.000008

 

Program 6: HP 41CV Listing

SUBROUTINES
@1eLBL “FT LIg*
82 GTO A

PRINT LINE OF
STARS

83eLBL a

84 FC? 55
85 RTN
86 53.55
87 ANY
08 SF 12

89 XEQ b

10 ARDY
11 RTN

PRINT LINES

f2¢LBL d
13 SF 12



141
15 ST+ 58
16 RCL IND 38
17¢LBL b
18 STO 59
19 CLR
28¢LBL ¢
21 ARCL IND 59
22 RCL 59
23 FRC
24 188
2s
26 ST0 59
27 X=8?
28 GTO ¢
29 FC? 535
38 GTC @l
31 PRA
32 CF 12
33 RIN
34¢LBL 8!
35 CF 12
36 AVIENW
37 RIN

PRINT & STORE
VARIABLES

384LBL e
391
48 ST+ 58

41 RCL IND 58

42 %=47
43 GD d

44 ¥EQ b

45 1
46 ST+ #1

47 FTL IND 81

43 TONE 9
49 FS? Aa

58 GTD 81
St STOP
52 STO IND 81
53 .5
54 STO 12
55 RCL IND 81
564LEL 81
57 REQ J
58 GTO e

RE-ENTER
VARIABLES

S9¢LBL "REEHTER"
60 ADY
61 1
62 +
63 STO 81
64 RCL IND 01
65 XEQ J
66 STOP
67 XEQ@ J

Liquid Flow—Orifice Plate, Flange Taps

68 STO IND 01
69 AY
79 SF a8
71 SF @2
72 STOP
73 GTO @2

BYPASS PRINTER

74¢LBL J
75 FC? 55
76 GTG 81
77 FRX
78 RIN
79¢LEL 81
88 VIEW X
81 RTN

CALCS

82¢LBL G

83 RCL 12

84 PSE

85 Xt2
86 .59%
87 =
88 RCL 12
89 3
98 YX

91 .81
92
91 +
94 RCL 12

95 RCL 25
96 YtX
97 RCL 24

98 =»
99 +
188 RTH

ITERATE B
(ENDS AT 218)

161eLBL D
182 RCL 12
183 RCL 22
184 =

185 RCL 12
186 Xt2
107 .83
108 =
189 +
118 RCL 12
111 RCL 21
112 YX
113 RCL 28
114 =
113 +
116 17%

117 XEQ ¢
118 RCL 11
119 RCL 18
128
121 -
122 +
123 ST- 12
124 ABS
125 RCL 23
126 XOY
127 %>v2
128 GTO

CALC F, WHEN
Rp< 700p13

129 RCL 12
138 1.3
131 YX
132 700
133 »

134 S70 18
135 S70 15
136 2
137 7

138 STO 14
139 RCL 89
148 /
141 1/%
142 SORT
143 90
144 =
145 SIN
146 RCL 12
147 .15
148 YX
149 /
158 STO 17
151 RCL 69
152 RCL 14
153 X>Y?
154 GTD I
155 RCL 17
156 RBS
157 SQRT
158 STO 17

CALC F, WHEN
Rp>7003"3
159 RCL 89
168 RCL 18
161 X>Y?
162 GTO I
163 1
164 STO 17
165 RCL 89
166 STO 18
167 STO 15

87
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168 RCL 89
169 RCL 19
178 X>Y?
171 G10 I
172 S70 18

CALC Fc WHEN
Rp=1200
173eL8L I
174 8
175 RCL 12
176 .2
177 -
178 XY?
179 9
189 Xt2
181 RCL 12
182 3.9
183 +
184 EfX
185 8.7
186 *
187 RCL 15
188 -.89
189 YX
198 *
191 +
192 S70 28
193 RCL 14
194 RCL 18
195 7
196 RCL 12
197 SORT
198 SQRT
199 .12
200 -
281 Y#¥
202 +
283 1
204 RCL 18
205 RCL 19
206 7
207 -
208 SORT
209 »

210 CHS
211 RCL 28
212 +
213 RCL 17
214
215 .997
216 +
217 S70 18
218 RTN

MAIN PROGRAM
ENTER DATA

219¢+LBL A
228 CF 82
221 1
222 ST0 01
223 ST0 18
224 29
225 STO 58
226 XEQ a
227 Xea d
228 XEQ d
229 XEQ a
230 XEQ e
231 CF 08

CALC S

232¢LBL 82
233 39
234 STO 58
235 RCL 82
236 RCL 86
237 Xt2
238 7
239 RCL 27
248 RCL 26
241 RCL 03
242 =
243 +
244 /
245 RCL 04
246 RCL 85
247 *
248 SQRT
249 /
258 STO 11

CALCR,
291 4.42

252 RCL 62
253 *
254 RCL 06
255 7
256 RCL 87
257 7

258 STO #9

CALC B
299 XEQ D

268 Xe@ D
261 XEQ D
262 RCL 12
263 Xe@ J

CALC d

264 XEQ d
265 RCL 86
266 RCL 12
267
268 STO 29
269 GT0 81

ENTER REQD BORE

279¢LBL “EVEN SZ°
7 7
272 STO 81
273 40
274 S70 58
275 XEQ e

CALC B

276 RCL 08
277 RCL 86
278 /
279 STO 12
280 XEQ J
281 XEQ G
282 STO 16

CALC FLOW

283 XEQ d
284 RCL 82
285 RCL 11
286 7
287 RCL 16
288 =
289 STO 29
298+LBL 81
291 Xe J
292 FS? 08
293 STOP
294 XEQ a
295 RCL 29
296 VIEW X
297 BEEP
298 ADY
299 STOP
300 END.
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Program 6: Sequence of Calculations

1. Calculate the S value.

Ww
m

© D*(2831 + .0567T)) \/G,h,
 

2. Calculate Reynolds number.

_442w,

Dp
 

3. Iterate to find uncorrected beta ratio.

S = 0.598B% + .01B> + .518B%**

Fx

flx

Start with 8 = 0.5 and calculate fx/f'x. If greater than 0.00001, sub-

tract fx/f'x from current value of B and repeat until the error is less

than 0.00001.

4. Calculate Reynolds number correction factor.

If R, < 350 B'°:

1.3

Fo=la-(acsemm 1-222
1200

six (000+/
3508

gi

0.598p2 + .01p° + .518p%** — §

1.196p + .038% + 3.3282%“%

 

 

where

A= PB-.2°%+8.72%)7008'7%)"

when

B—.2>0
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B-.2'=0

If 3502 < R, < 700B"?:

_ 1.3

F = 4 - (452m \/IR )]

R,SIN (90 —
3508"

B1

  

 

 

+ .997

If 7008" < R, < 1200:

1.3, (B¥-.12)
R

F,.= a= (4S) 1 — 2.) +7
R, 1200

 

When R,, > 1200:

F.=(A + .997)

. Divide original S by F, for viscosity correction.

. Repeat step 3 for new B for corrected S.

. Repeat step 4 for final F, for corrected (3.

Repeat step 5 for final S.

Repeat step 3 for final B.

Calculate orifice bore.O
0
0

W
n

—

d = BD inches

11. Calculate flowrate for an even-sized orifice plate.

8 = d

D

S = .5988% + .01B* + .518p%**

new § CL.
new flow = X original flow, pounds per hour

original §
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Program 6: Nomenclature

A Partial calculation of F_, dimensionless

D Inside diameter of pipe, inches

d Diameter of orifice bore, inches

F. Reynolds number correction factor, dimensionless

G, Specific gravity of liquid at flowing temperature, dimensionless

h, Maximum differential range, inches of water

R, Reynolds number, dimensionless

S Beta ratio index, dimensionless

IT; Flowing temperature, °F

W,, Maximum rate of flow, pounds per hour

pn Absolute viscosity, centipoises

B Beta ratio d/D, dimensionless

References

L. K. Spink, The Principles and Practice of Flowmeter Engineering, The
Foxboro Company.
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Program 7: User Instructions

Non-viscous liquid program, press A.

a) Enter:

1. Flowrate, pounds per hour Press R/S

2. Flow temperature, °F Press R/S

3. Specific gravity at flow temperature, dimensionless Press R/S

4. Differential range, inches of water Press R/S

5. Pipe inside diameter, inches Press R/S

b) Program calculates beta ratio (dimensionless) and ori-

fice bore (inches).
¢) If an even-sized orifice bore is required, Press C and

enter:
6. Required orifice bore, inches Press R/S

d) Program calculates beta ratio (dimensionless) and new

flowrate (pounds per hour).
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Viscous liquid program, press B.

a) Enter:

E
E

6

. Flowrate, pounds per hour

. Temperature, °F

. Specific gravity at flow temperature, dimensionless

Differential range, inches of water

Pipe inside diameter, inches
Absolute viscosity, centipoises

b) Program calculates Reynolds number, dimensionless.

c) Refer to appropriate R,,/F, chart and enter:

7. Reynolds number correction factor F,, dimension-

less

d) Program calculates beta ratio (dimensionless) and ori-

fice bore (inches).

e) If an even-size orifice bore is required, press C and

enter:

8. Required orifice bore, inches

f) Program calculates beta ratio (dimensionless) and new

flowrate (pounds per hour).

Notes:

Press R/S
Press R/S
Press R/S
Press R/S
Press R/S
Press R/S

Press R/S

Press R/S

1. The E subroutine is available to re-enter data and recalculate.

2. If plate material is not 316SS or 304SS, refer to Table of Equal Thermal
Expansion Temperatures for Various Orifice Plate Materials, page 162.

 

Program 7: Tl 59 Data Sheet

FEEEEEFTSFERERERL LAH EMTR FIFE 1D IHS
4. O26

FLOW ORIFICE CALC CHLC BETA RATIO
FIFE THF: » ZIGFEE05E9

HOH YISC LIAUID CALC ORIFICE IHS
2. 1523337761

EMTRE FLOW FFH ENTER ORIFICE IHS
100000, 2.125

EHTE TEMF iE CALC BETH ERTIO
Si, Lo272191754

EHTE S05 CALC FLO FFH
0. 35 ES4l. sZe0z

EHTE DIFF EAHGE IH W
100,
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Program 7: Tl 59 Register Loading

PARTITIONING
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Program 7: Tl 59 Listing

SUBROUTINES Ode

ENTER & STORE 047
VARIABLES 045on ] 049

oon FE LEBEL aso
aot = 1

o
o ]

W
O

i
LEL
Ds
IFF
01
A

T
n

59
THY
IMT
FED 100

w
o
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[
-

I
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0
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m [a
]

1

t
T

1, V
D

(
N
w

Wn
]

— EE! as

L
O
C
=
C
f
O
n

A
!

Das zo IHY 052 59 59 101 GTO
Qos 29 INT 0S2 73 RC# 102 ADY
ne = 054 59 59 103 LEL
ooo 055 92 RTH 104 FET
Dos

aay

nos

aos
o1g

oii
aiz
ai=

014
ais

IFF
11

E
GTO
LST

MAIN PROGRAM
NONVISCOUS LIQUID

ENTER DATA

V
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md
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e
e
O
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0
D
d

ds
1
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e
e

e
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PRINT LINE OF 102
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450 71 SER
451 49 SUH
458 42 3TO0
453 1s 14
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4535 23 2%
358 19 0

457 43 RCL

453 Oz oz

45% 55 =

del 43 RCL

did 11 i!
SEZ B55 om
G53 43 RCL

464 le 1K

 

465 95 =
GEE 39 PRT
467 42 570
JE8 12 13
463 16 RA
470 33 RIV
471 92 RIV
472 43 RCL
473 13 13
474 31 RS
 

Program 7: HP 41CV Data Sheet

ORIFICE LIAD
«PIPE TAPS*
NON VISCOUS

Ac ofc 3 Hk dk oe ok Ok ok ok dk sk

ENTER FLOW PPH
166,008, 3890 x

ENTER TEMP DEG F
150.0088 5%

ENTER SG
8.9360 122

ENTER DIFF RANGE INS H20
188.0804 ®t

ENTER PIPE ID INS
4.0268 $f

CALC BETA
RATIO

8.5150 nx

CALC ORIFICE
BORE INS

2.1538 >

she ak 2 ke ok of ok oe oe fe de He

2.1538

ENTER REQD ORIFICE INS
2.1258 33

CALC BETA
RATIO

8.5278 i

CRLC FLOW
PPH

96,541.6260 sh

she oh ofc oe ke of ok ob ok oe kok

oH ok oe of de oF of of ok ke ok

ORIFICE LIQD
«PIPE TAPS

VISCOUS

2c oc He of Hz ok He ok He ok ak ok

ENTER FLOM PPH
100,000, 6099 33

ENTER TEMP DEG F
150.4009 3

ENTER SG
8.9260 “3

ENTER DIFF RANGE INS H20
180.0008 =e

ENTER PIPE ID INS
4.8268 sx

ENTER YICOSITY cP
10.0000  **¢

CALC REYNOL
DS HNO

19,988.5743 +s
ENTER FC

1.0388 #x=
CALC BETR
RATIO

8.5274 #2
CALC ORIFICE

BORE INS
2.1233 3x

oe ofc ofc of oe oe ok ok oe ok ok ok

2.1233

ENTER REQD ORIFICE INS
2.1258 *%x

CALC BETA
RATIO

0.5278  #xs
CALC FLOW
PPH

100,210.2078 ax

He se ofc ae ak dk ok fe Ae ok ek

 

Program 7: HP 41CV Register Loading

SIZE 080

RAB= 5.809809
Rel= 0.9a0300
RA2= 0.000090
R83= 9.000090
Re4= 9.008800

RES= 0.980099
R86= 0.088000
R87= 0.080600
REs= 0.000009
R@9= 9.088000
R18= 0.800000
Ril= 8.008800

Ri2= 9.806080
R13= 0.080098
Ri4= 4.000800
R15= 0.000008
R16= 0.0968000
R17= 0.060000
R18= 8.060008



Flow Elements

R19= 9.600000 R48= 0.000060 R61= “PIPE I*

 

R28= 0.800008 R41= 56.737409 R62= *D INS *
R21= 9.006098 R42= 57.750000 R63= *VICOS*
R22= *1SCOUS* R43= 6.000000 Ré64= “ITY cP"
R23= “COUS * R44=  56.656600 R65= "BETA *
R24= 0.000000 RS=  76.776869 R66= “RATIO *
R25= °E LIGD* R46=  57.706769 R67= *ORIFIC*
R26= *sPIPE * R47= 9.000000 R68= = BOR"
R27= = TAPSs* R48=  56.656600 R69= “E INS *
R28= = VIS" R49= 56.717260 R70= -REQD *
R29= “COUS * RS6= “TENP D- R71= FLON *
R38= 9.000009 RS1= “EGF - R72= "PPH  *
R31= 67.252627 RS2= “SC - R73= REYNOL®
R32= 28.290909 RS3= “DIFF R° R74= “DS NO *
R33= 57.717208 RS54= “ANGE I° R7S= "FC *
R34= 57.585108 RS5= “ssssss R76= “CALC 0°
R35= 57.520009 RS6= “CALC * R77= “RIFICE*
R36= 57.535460 RS7= “ENTER * R78= = VIS"
R37: 57.616208 R58= 8.000009 R79= “NON V*
R33= 0.009000 R59= 9.000099
R39= 57.636480 R68= “NS H20°

Program 7: HP 41CV Listing

SUBROUTINES 27 $e? 57 XEQ J
———— 28 G10 ¢ 58 GT0 e
82 CT0 A 29 FL? 53 RE-ENTER38 GTO 81
PRINT LINE OF 31 PRA VARIABLES

STARS 32 CF 12 59+LBL "REENTER"
33 RIN 68 ADY

@3eLBL a J4¢LBL 01 61 1
84 FC? 55 35 CF 12 62 +
#5 21 36 RYIEN 63 ST0 81
86 55.595 37 RIN 64 RCL IND 81
67 ALY 65 XEQ J98 SF 12po PRINT & STORE 66 STOP
oot VARIABLES 67 XEQ J
11 RIN I80LBL e oon nl

391
4 ST+ 58 78 SF 68PRINT LINES ot 1 71 SF 02

72 STOP12¢0BL d 42 %=9?
13 5 12 5 RTH 73 GTO 62

14 1 44 XEQ b
15 5T+ 58 61 BYPASS PRINTER
16 RCL IND 58 46 ST+ 81 .
17¢LBL b 47 RCL IND 01 A res as
18 S10 59 48 TONE 9 76 CIO of
19 CLA 49 FS? 09 27 PRY
28¢LBL ¢ 58 GTO 01 78 RIN
21 ARCL IND 59 51 STOP 294LBL 81
22 RCL 59 52 ST0 IND 81 89 VIEW X
23 FRC 53.5 81 RTN
24 189 54 STO 12
25 + 55 RCL IND 81 CALC S
26 ST0 59 S6eLBL 81 824LBL ©



185 +
186 RTN

MAIN PROGRAM

NONVISCOUS

187¢LBL A
188 FC? 80
189 CF 84
116 FS? 84
111 GTO “PT VISC-
{12 SF 83
113 RCL 22
114 STO 29
115 RCL 79
116 GTO 81

VISCOUS

117¢4LBL “PT VYISC*
118 FC? 08
119 CF 83
128 FS? 83
121 GTO R
122 SF 84
123 RCL 23
124 STO 29
125 RCL 78

ENTER DATA

1264LBL 81
127 STO 28
128 1
129 STO 81

Liquid Flow—Orifice Plate, Pipe Taps

138 30
131 STO 58
132 XEQ a
133 XEQ d
134 XEQ d
135 XEQ a
136 XEQ ¢
137 FS? 83
138 GTO 61
139 XEQ e
140 XEQ d

CALC R,

141 4.424
142 RCL 82
143 =
144 RCL 06
145 /
146 RCL 87
147 7
148 STO 19
149 Xea J

ENTER F,
158 XEQ e

CALC SS

151eLBL 81
152 CF 09
153+LBL 82
154 43
155 STO 58
156 XEQ d
157 RCL 82
158 FS? 83
159 GTO 81
168 RCL 08
161 7
162¢LBL 01
163 RCL 86
164 X12
165 7
166 .8567
167 RCL 83
168 *
169 2831
178 +
171 7
172 RCL 084
173 RCL 85
174 »
175 50RT
176 7
177 ST0 11

CALC B
178¢LBL D
179 Xe@ G

99

188 RCL 11
181 -
182 RCL 12
183 1.1785
184 =
185 RCL 12
186 Xt2
187 .8175
188 *
189 +
198 RCL 12
191 3
192 Yt%
193 3.3
194 »
195 -
196 RCL 12
197 4
198 Y4X
199 8.79
209 *
281 +
282 /
283 ST- 12
284 ABS
285 . 08881
286 XO
207 XY?
208 GTO D
289 RCL 12
218 XEq J

CALC d

211 XEQ @
212 RCL 86
213 RCL 12
214 =
215 STO 13
216 STO 21
217 GT0 81

ENTER REQD BORE

218¢LBL “EVEN SZ2°
219 8
228 STO 81
221 45
222 S70 58
223 XEQ e
224 XEQ d
225 RCL 89
226 RCL 86
227 7
228 STO 12
229 XEQ J
230 XEQ G
231 ST0 16



100 Flow Elements

CALC FLOW 238 STO 21 245 RCL 21

232 XeQ d 239+LEL 81 246 VIEW X
233 RCL 82 249 XEQ J 247 BEEP
234 RCL 11 241 FS? #8 248 ADY
235 7 242 STOP 249 STOP
236 RCL 16 243 XEQ a 258 RTN
237 244 CF 92 251 .END.

 

Program 7: Sequence of Calculations

1. Calculate S value.

Ww,
m S =

D* (2831 + .0567T) V/G,h

2. Calculate Reynolds number.

_42W,
D Dp.
 

3. Iterate to find beta ratio.

S = .58925@% + .2725p° — .825@* + 1.75B°

fx = .58925B% + .2725B* — .825B* + 1.758° — S

flx = 1.17858 + .81758% — 3.38 + 8.75p*

Start with B = 0.5 and calculate fx/f'x. If greater than 0.00001, subtract

fx/f'x from current value of B and repeat until the error is less than
0.00001.

4. Calculate orifice bore.

d = BD inches

5. Calculate flowrate for an even-sized orifice plate.

o
w I

O
l
a

S = .58925p% + .2725@° — .8258* + 1.75p°
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new S
new flow = ———— X original flow, pounds per hour

original §

Program 7: Nomenclature

D Inside diameter of pipe, inches

d Diameter of orifice bore, inches

F. Reynolds number correction factor, dimensionless

G; Specific gravity of liquid at flowing temperature

h, Maximum differential range, inches of water

S Beta ratio index, dimensionless

T; Flowing temperature, °F

W,, Maximum rate of flow, pounds per hour

i Absolute viscosity, centipoises

B Beta ratio d/D, dimensionless

References

L. K. Spink, The Principles and Practice ofFlowmeter Engineering, The

Foxboro Company.

 

Program 8
Liquid Flow—Flow Nozzle and Venturi
 

Program 8: User Instructions

Non-viscous liquid program, press A.

a) Enter:
1. Flowrate, pounds per hour Press R/S

2. Flow temperature, °F Press R/S
3. Specific gravity at flow temperature, dimensionless Press R/S

4. Differential range, inches of water Press R/S

5. Pipe inside diameter, inches Press R/S

b) Program calculates beta ratio (dimensionless) and noz-

zle diameter (inches).

c¢) If an even-sized nozzle is required, Press C and enter:

6. Required nozzle bore, inches Press R/S
d) Program calculates beta ratio (dimensionless) and new

flowrate (pounds per hour).



102 Flow Elements

Viscous liquid program, press B.

a) Enter:
1. Flowrate, pounds per hour Press R/S
2. Flow temperature, °F Press R/S

3. Specific gravity at flow temperature, dimensionless Press R/S

4. Differential range, inches of water Press R/S

5. Pipe inside diameter, inches Press R/S
6. Absolute viscosity, centipoises Press R/S

b) Program calculates Reynolds number, dimensionless.

c) Refer to appropriate R,/F. chart and enter:
7. Reynolds number correction factor F,, dimension- Press R/S

less

d) Program calculates beta ratio (dimensionless) and noz-

zle bore (inches).

e) If an even-sized nozzle bore is required, press C as

before.

Notes:

1. The E subroutine is available to re-enter data and recalculate.

2. If the orifice plate material is not 316SS or 304SS,see Table of Equal

Thermal Expansion Temperatures for Various Orifice Plate Materials,

page 162.
 

Program 8: Tl 59 Data Sheet
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Program 8: Tl 59 Register Loading

PARTITIONING
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Program 8: Tl 59 Listing

or
2
0
0

0
0
=
T
L

e
e
e
d
T
a

f
oSUBROUTINES 04d 01 1

ENTER & STORE H9% on OoVARIABLES nas Onn
aon LEL 045 53 io
ool E: 014 oz IH !ang THY Oso 5% It

1

w
o
w
o

1

ml Da
al

a

w
o

o
O

N
E
Y

3 I

003 IHT 051 49 F : 41ol
=
[Id

052

0
0

C
0
T
o

=
]

0 -
n

n
n

C
O
E

ee
]
w
T

T
T

r
uood

ons
(I

aay
aos

aos

ain

oii
oiz
ais

014

ois

a A
r

» — —

05d

in
=
J
d
c
n
+

0
0
=
C
e

055 ea
l
i r
t

i \Ine
ar PRINT LINE
or 1 OF STARS

01 Has
IFF a
oi ee

To
0a

[or

1
=
]

[o
J
T
e

0
)

P
e
t
1
0
e
e

=o
]
b
e
h
0
t
e
t
0

C
T
)
R
T

W
D
r
o

i

o
o m
r
e

w
i
r

1

2
0

be
e

P
o
l
b
e
=
0
D
0

e
t
e
n
=
]
=
]
T
T
)
a
0

I

a
r
w
a

n
D

on
1

fo
re

— I

W
L
b
e
e
2
0
0
0

0
0
J
n
L
b
e
e
T
W

=
f
a
P
D

L
O
C
T
e
n

Il
~

Pe
ds
p
e
k
e

fa
ke

o
n
s
pi
ck

I

0
0
0
T
T

oo - MAIN PROGRAM
el ZC 150 i
a 1 & = =O ie = NONVISCOUS LIQUID
uly 31 Res i § ENTER DATA
ais 7 ST - cr :

HOY

i

or

oi=
Ozu

021

01
FET
ETH

To
T
T

7&6 LEL
ne H

ARDY
RTH

RE-ENTER
PRINT LINES VARIABLES

o
o

o
o

F
T

pe
n

IFF
ke

FET
LEL
LST

iT

n
O

Fr
os
t
v
0
=

[
0

L
0
0
0

e
a
C
0
0
0
A

Fo
ot

20
0
o
O

00
0
C
0
0

be
se

T
T
T
T

TT

T
o
L
F

La
l

To
)

be
e

0
g
n
L

I W
T

V
T
L
L
P
)

e
e

   
ag

IS?
LEL
RADY

DECODE LINES

042 V& LEL
042 ig o°¢

V
T

D
D
2
D

i
=
o
O
v
O
o
o
0
0
0
0

TE LEL 0&7 76 LEL ai i
13 nt oes 15 E $2 £70
de STO DES 33 PRT 2 0a
= a 70 25% + 2 IHW
© RC# nF: 0r i Se STF
a S39 n7z 95 = 03 03
53 ar Oya 42 570 22 THY
01 (01 074 01 oi A
12 Ct OFS 73 RCs az oz
5 oF O7e 01 of S56 STF
Ue re 077 921 Rs ao ag

oo LL O72 72 57s 33 RC
Ba oF 073 01 Ot re "iE
Ha He aso 33 PRT el G70
imo L 021 9% ALY 13 ZS
3 OF 022 232 IMY | 42 STRua 0d asa SE 5TF VISCOUS LIQUID
£3 oF 054 0% 0% ENTER DATA
Us 05 125 86 STF 122 Fe LE
Fe ETH 136 01 Ot i iz rh

27 61 GT a7 IFF
8 4 © Ci
4 &
{ 4

i 7C
0
0
=
P
o

T
n

r
r
m -

fr
e
f
h
f
k

fo
b

po
sh

0
0
0
a

e
l
1
0

0
0
=
U
I
F
e

w
d
n
L

C
O
T
=
)



 

pr
ob
e

or
ks

po
ke

fo
rk

pi
s

         

Fo
ro

b
b
b
b

pe
t

fe
te

pb
s
b
e

f
e

  
S
f

f
o
0
0
0
C
N
T
D

D
0
C
Z

O0
0
e
e

F
a
a

ee
e
f
a

f
a

leet
fa

J
f
e
e

0
4,

N
F

be
et

OT]
f
a

ben
P
f

be
Fo
u

12
0
l
e
J

M
R

V
T

be
et
0

T
l

T
o
d
0
=
]

  
J
a
m

t
=
[
T
T

e
a

I
M

—
[7
]
a
m

m
m

m
m

T
m

J
a
T
I
T
C
e
S
R
T
e
e

F
a
T
w
a
T

ow
f
a
T
w
B
T

w
e

P
O
T
e
e

T
a
l

L
T

S
O
T

n
r

O
R
T

D
T

 

T
o

)
f
e
1
0

To
0

Tl
Tod

Tod
0

To
Tr

To
Tod

Tol
Tod

“0
Fa

Ta
Fl
t
T
O

T
o

To
on

To
le
T
o

Po
l

Pd
r
T
n

Tr
e
T
o

Po
ly

To
d
T
o
d

X
9

I
!

’
Fo
b

be
be
f
m

fo
od

s
ek
e

pm
b

po
sh

fd
s

f
o
f
o
l
=

[o
ma

n
o
O

L
C
E
T
T

e
e

L
a
T
r

ee
e
T
H

ENTER F,

w
i

n
m

o
oo
e

M
a
r
 

Fo
Fd

Fl
To

d
f
n
C
n
n

d
T

e
e

£
0

 

T
L

T
E

de
be
L
O
)

[
a
d
f
e

CALC Band d

k
e

po
d

fl
e

fo
e

pom
be

po
ke

fp
s

fh
e

fe
e

C
n
o
o
n
o
n

e
n
e
n
C
n
c
n
G
n
a

o
n
]

T
P
C
E
i
0

P
r
e
e
e

T
0
0
0
0

          

    

d
e
f
e

pt
e

J
a

f
u

f
o

C
0
=
)
T
n

wo
]
[
2

4
a

 

Fn
O
E

         

CALC S

 

Po
de
p
e

fd
s
f
o

fon
ds
p
k
f
k

Jo
o
f
o

J
a
J
a

F
a

J
a

D
0

L
I
B
i
0

To
l
e
e
e
u
f

V
0
T
T

Tl

  

oO > rr 0 2 o

F
r

T
O

T
o
T
o
l

To
d

To
d

Fu
l

F
o
o
f
a
f
a
e

J
a

J
a

T
T
T
m
T

C
T
f
e

0
0
0

T
h

f
e

 
Flow Nozzle and Venturi 105



106 Flow Elements
“
0

L
t

t
I 14 I ITERATE FOR B

43 ECL Te LEBEL
z4 24 14 ©
19 I 23
42 RCL oo
Oe Oe oo

42 STO
01 01
43 RCL
40 40
10 E*

   

   

  Q
A
0
D
Q
D
G
I
0

20
Q
O
0
0
Q
D
Q
O

W
D
T
n

a

 

p
o
n
0
0
=
a
J
N
F
a

 

L
d
L
A
I

L
Y
L
T
O
T
A
I
T
T
I
T

      
[o
m]

Z
T

—
c
t
e

J
o

O
T
M

por
te
o
d

(C
20

TT
)
T
T

bo
ok
w
e
d
]

o
DSUBROUTINE TO

CALCS

LEL

9 6&5 = = a0 In

9 43 RCL 244 0 1
oo i2 2 245 22 ArT
01 25 = 348 7 EL CALC B
oz 42 347 25 CLE a7 RCL
as 13 348 71 SER me a
a4 99 349 44 SUM pr

305 16 250 75 - 13 Pel
306 98 351 43 RCL 05 “oa
307 98 352 11 11 ceo
08 9 I52 49 = = EEL
0 83 54 5 + TheZino i= as Z i Oe Oa
21 iz Sheltt pu} i ==

311 91 256 43 RCL a
287 12 12 12s
358 45 ¥¥ aa PRT
35% 03 3 2% PRT
IE Fi E
26 3
; ©

 

a
) [
n
n

be
e

f
u
,

iT
To

To
La

n
To
n

we
e
0
0

0
0
0

20
0
=

T
T
F
E

F
e
a
D

P
r
t
e
s

  

1
a
a

D
l

D
a
d
o

T
r

4 CALC FLOW
405 $2 RCL

= 40% 23
THY 407 oe
SUM 40%

 

        

 

   

0
F
e
T
e

oe
=
J
a
o
C
N
a
)

a
l
0

Ga
l
1

RCL
EZ 4113 i

[x1 410

J
a
C
C
D

J
a

we
s

Po
d
f
o

fe
te

00
0
C
0
0
0
0

TE
E
TT
0

P
d
n
L
L
O

a
L
)

be
n
0
T
D

Ca
0

Co
d
a
d

GE 411 RCL
- 312 ilFol uy
12 414
Fh 315

: FTH 31K

3 417

3 418
ru 419

420
421

ENTER REQD BORE 422

TE LEL 423

+o

425

E
L

=)
P
d

Ba
Bo

CR
Dn

Fa
G
0
0

ER
GG

CR
de

Fe
S
G
D
O
P

00
C
C

ee
00
0

es
0

P
l

wt
Ja

T
o

b
o
t

RCL
te

0
0
g

ee
n
f
a

P
r
=
]
C
s

f
a
P
O
g
D
Z
Z
0
O
D
L

Re
e
L
T

J
a
L
I
T
O
0

L
N
e
s
D
0
C
0
F
e
C
T

P
l
D
d
0

D
0
F
e
T
T

I

C
o
n
U
0

L
a
l
0
a
a
l
D
o

1
f
a
r
m
a
=
C
N
L

Fi
0
P
o

i
l
y a

|

PET
STO
iz

A*

=H

Ao

a
L
I
L
I

D0
W
D
D
0
L
E
f
a
f
e

w
o
e

1
1

fe
te

1 o
r0
G
o

oT W
T

be
be
f
o
W
O
L
D
a

L
o
0
0
e
e
s
J

C
O
C

T
T
T
D
J

0
0

0

M
d

 

A
A

0
0

 



Flow Nozzle and Venturi 107

Program 8: HP 41CV Data Sheet

oe 3k ok Hk oe de of He ok ak ok ok

FLOW NOZZLE
NON VISCOous

LIQUID

A dc Nk He ok dk ok ok ok kok ok

ENTER FLON PPH
198,880.0088 s+»

ENTER TEMP DEG F
156.0888 xs

ENTER SG
8.9388 ses

ENTER DIFF RANGE INS H20
188.8888  *xx

ENTER PIPE ID INS
4.8268 sx

CRLC BETR
RATIO

8.4675  #es
CALC ORIFICE
BORE INS

1.8821 #3»

he she ofc she ke fe sk Ne oe ok oe ok

1.8821

ENTER REQD NOZZLE INS
1.8758 sx

CALC BETA
RATIO

8.4657  #xs
CALC FLOW
PFH

99,288.3013 ss

Ac oc fc ofc de ok 3k sk fk dk ok ok

Ae Ae ok ok of of ok ok ab Ak kk

FLOW NOZZLE
vIsScous
LIQUID

Ac ac 3k ofc ok dk Hk oe fe of ok ok

ENTER FLOR PPH
100,800.8888 xs

ENTER TEMP DEG F
158.0088  *sx

ENTER SG
0.9888 sx

ENTER DIFF RANGE INS H20
188.8989  *x

ENTER PIPE ID INS
4.0260 sx

ENTER YICOSITY cP
18.0608  s=

CALC REYNOL
DS HNO

10,988.5743 ss»
ENTER FC

8.9720 ax
CALC BETR
RATIO

8.4739 aes
CALC ORIFICE
BORE INS

1.9878 se

te she he he oe He be ok of of of ok

1.9678

ENTER REQD NOZZLE INS
1.8758 ##x

CALC BETA
RATIO

0.4657 ox
CALC FLOW
PPH

96,438.4689 sax

Ac de oe of ok ok oc de ofc de dk dk

 

Program 8: HP 41CV Register Loading

SIZE 080
Res= 9.929800
RA1= 4.080808
R62= 8,0600088
R63= 0.680000
R84= 9.080099
R85= 0.088000
RO6= 6.080000
R87= 0.980800
R88= 9.080388
R89= 9.890088
R18= 6.080000
Rt1= 6.900082
R12= 9.800080
R13= 9.600000
R14= 9.680800
R1S= 9.640000
R16= 0.808000
R17= 8.800090
R18= 9.000000
R19= 0.8809880

R28= 0.600088
R21= 0.980000
R22= -ISCOUS”
R23= -COUS -
R24= = LIQ*
R25= UID *
R26= °NOZZLE"
R27= ° TAPSs*
R28= = VIS*
R29= -COUS
R38= 71.2608000
R31= 71.2600080
R32= 28.292425
R33= 57.717200
R34= 57.585189
R35= 57.520000
R36= 57.3535460
R37= 57.616200
R38= 9.080609
R39= 57.636400
R40= 9.800889

R41= 56.737488
R42=  57.756000
R43= 9.900000
R44= 6.656609
R45= 76.776869
R46= 357.702669
R47= 0.880008
R48= 96.656608
R49= 56.717298
R58= “TEMP D*
R51= "EG F *
R52= =SG .
R53= “DIFF R"
R54= "ANGE I*
R99= “sxe#rx®

R36= “CALC -
R37= “ENTER
R38= 0.608000
R39= 0.60808840
R68= =NS H20"
ké1= “PIPE I*
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R62= “0 INS - R68= * BORE . R74= “DS NO ©

R63= -VICOS® R69= = INS * R7S= “FC *
RE4= “ITY cP R70= “REQD * R76= “CALC 0°
R6S= “BETA - R71= “FLOM * R?77= *RIFICE"

R66= “RATIO * R72= *PPH * R78= = VIS
R67= 0.800008 R73= REYNOL® R79= “NON V*

Program 8: HP 41CV Listing

SUBROUTINES 49 ST+ 58 CALC S
C fBLLBL “FN LIQ® hi SaeLbL82 10 A py 83 RCL 12

84 PSE
PRINT LINE OF 44 XQ b 85 X12

STARS bl 86 412
46 ST+ 01 87 ENTER®

84 FC? 55 48 TONE 9 89 1
85 RN 49 FS? 98 98 +
86 55.55 58 GTO 81 91 787 ADY 51 STOP 32 SRT
88 SF 12 52 STO IND 81 93 .98
89 XEQ b 53.5 9% +
18 ADY 54 STO 12 95 RTH
11 RTN 55 RCL IND 81 ’

+LB
PRINT LINES > Lh o MAIN PROGRAM
12¢L8L d 58 GTO e NONVISCOUS
1 12 964LBL A

15 §T+ 58 RE-ENTER oreoe16 RCL IND 58 VARIABLES oa CF od99 F5? 84174LBL b 59¢LBL "REENTER- 189 C10 “FN VISC-
18 S70 59 68 ADY 191 SF 63 ’
19 CLA 61 1

182 RCL 2228¢LBL ¢ 62 +
183 STO 2921 ARCL IND 59 63 STO 81 184 RCL 79

22 RCL 59 64 RCL IND 01 185 G10 81
23 FRC 65 XEQ J
24 100 66 STOP25 67 %E0 J VISCOUS

26 STO 59 68 STO IND 81 186eLBL “FN VISC*
27 %207 69 ADV 187 FC? 0@
28 GTO ¢ 78 SF 09 168 CF @3
29 FC? 55 71 SF 82 189 FS? 83
39 GTO 01 72 STOP 118 GTO A
31 PRA 73 GTO 82 111 SF 84
32 CF 12 112 RCL 23
33 RIN 113 ST0 29EL 61 BYPASS PRINTER 114 RCL 78
35 CF 12 74eLBL J
36 AVIEN 75 FC? 55 ENTER DATA
37 RIN 76 GTO 81 115¢LBL 81

PRINT & STORE 77 PRY 116 STO 28
VARIABLES 78 RIN 117 179¢LBL 81 118 ST0 01
380LBL 80 YIEN X 119 30
91 81 RTH 128 STO 58



121 XEQ a
122 XEQ d
123 XEQ d
124 XEQ a
125 XEQ@ e
126 FS? 83
127 GTO 81
128 XEQ e
129 XEQ d

CALC R,
139 4.424
131 RCL 82
132 *
133 RCL 86
134 7
135 RCL 87
136 7
137 S70 19
138 XEQ J

ENTER F,
139 XEQ e

CALC S

148¢4LBL 81
141 CF 00
142¢LBL 82
143 42
144 STO 58
145 XEQ d
146 RCL 82
147 FS? 83
148 GTO 81
149 RCL 68
158 /
151¢LBL 81
152 RCL 86
153 Xt2
154 7

155 .8567
156 RCL 83
157 »
158 2831
159 +
168 7
161 RCL 84
162 RCL 85
163 *
164 SQRT
165 7
166 STO 11

CALC B
167¢LBL D
168 XEQ G
169 RCL 11
178 -
171 RCL 12
172 3
173 YX
174 4
175 =
176 SRT
177 .49
178 7
179 7
189 ST- 12
181 ABS
182.0981
183 XOOY
184 X>Y?
185 GTO D
186 RCL 12
187 XEQ J

CALC d

188 EQ d
189 RCL 06
190 RCL 12
191 =

Flow Nozzle and Venturi 109

192 STO 13
193 ST0 21
194 GTO 81

ENTER REQD BORE
CALC B

195¢LBL “EVEN SZ°
196 8
197 STO 81
198 45
199 STO 58
200 XEQ e
281 XQ d
282 RCL 89
283 RCL 86
204 /
285 STO 12
206 XEQ J
287 XE@ G
288 STO 16

CALC FLOW

209 XEQ d
218 RCL 82

211 RCL 11
212 7
213 RCL 16
214 »
215 S10 21

2164LBL 81
217 XE@ J
218 FS? a0

219 STOP
228 XEQ a
221 CF 82
222 RCL 21
223 VIEW ¥%
224 BEEP
225 ADY
226 STOP
227 RIN
228 (END.

 

Program 8: Sequence of Calculations

1. Calculate S value.

w
m

S =

D? (2831 + .0567T;) VG,h,,

2. Calculate Reynolds number.

4.424 W,
D
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3. Iterate to find beta ratio.

 S= 98 |——
1-8

_ B®f= 98S

fix = 49Vag?

Start with 8 = 0.5 and calculate fx/f'x. If greater than 0.0001, subtract

fx/f'x from current value of B and repeat until the error is less than

0.0001.
4. Calculate orifice bore.

d = B D inches

5. Calculate flowrate for even-sized nozzle or venturi.

 

8 = d

D

4

S = .98 P 2
1-8

new S LC.
new flow = ——— X original flow, pounds per hour.

original S

Program 8: Nomenclature

Inside diameter of pipe, inches

Diameter of orifice bore, inches

Reynolds number correction factor, dimensionless

Specific gravity of liquid at flowing temperature, dimensionless

Maximum differential range, inches of water

Beta ratio index, dimensionless
Flowing temperature, °F

Maximum rate of flow, pounds per hour
Absolute viscosity, centipoises
Beta ratio d/D, dimensionless

o
S
Q
M

I
“

3
3S

©
FE
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Program 9

Liquid Flow—Universal Calculation
 

This program calculates S and uses tables to find B. It can be used for all

liquid calculations, butit is particularly useful for quadrant-edged orifices and

low-loss tubes, for which the tables on page 120 are provided.

Program 9: User Instructions

Non-viscous liquid program, press A.

a) Enter:

Flowrate, pounds per hour

Flow temperature, °F

Specific gravity at flow temperature, dimensionless

Differential range, inches of water

Pipe inside diameter, inches

. Weep hole diameter, inches
b) Program calculates S value, dimensionless.

¢) From appropriate S table, enter:

7. Beta ratio, dimensionless

d) Program calculates orifice diameter, inches.

e) If an even-sized orifice bore is required, press C and

enter:

8. Required orifice bore, inches

f) Program calculates beta ratio, dimensionless.

g) From appropriate § table, enter:

9. § value, dimensionless

h) Program calculates new flowrate, pounds per hour.

S
N
E
W
N

Viscous liquid program, press B.

a) Enter:

1. Flowrate, pounds per hour

2. Flow temperature, °F
3. Specific gravity at flow temperature, dimensionless

Press R/S

Press R/S

Press R/S
Press R/S

Press R/S
Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S
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4. Differential range, inches of water Press R/S

5. Pipe diameter, inches of water Press R/S
6. Weep hole diameter, inches Press R/S
7. Absolute viscosity, centipoises Press R/S

b) Program calculates Reynolds number.

c¢) From appropriate R,,/F, chart, enter:
8. Reynolds number correction factor F Press R/S

d) Program calculates S value, dimensionless.

e) From appropriate S table, enter:

9. Beta ratio, dimensionless Press R/S

f) Program calculates orifice bore, inches. If an even-

sized orifice bore is required, press C as before.

Notes:
1. The E subroutine is not available in the TI program.

2. If the orifice plate material is not 316SS or 304SS, see Table of Equal

Thermal Expansion Temperatures for Various Orifice Plate Materials,

page 162.

 

Program 9: Tl 59 Data Sheet

 

FEEEEEFEEEEEERERETE EMTR ORIFICE IHS

FLOW ORIFICE CALL TH_FA
HOH WISE LIQUID 4

‘
FEEEREERFEELE ERE LES FFEH

EMTR FLOW FRH
100000,

EHTR FLOW TEWF  &F
150 FER EEEEF EEE ELSETER

EMTR FLOW 5G
0, 38

EMTE DIFF EAMGE IH WU FEEEE EFL EELS FECERES
100

ENTR FIFE ID 4s Ce
4. 026 i PY paar 20 Gar

EMTR WEEF HOLE IMS BCOus  LIadID
|

CALC VALUE FEEEREEETEE RELE RE REE
2194509257

EHTE BETH EARTIO ETE FLOW FFH
OJ. 535 Shem bent
1  - -! - _ 100000,

CALL ORIFICE INS ENTE FLOW TEMP oF
2.15391 150 :

ENTE FLOW SG
EEEETEREFLEF FEE EEEFS 0. 92REE le J0
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Program 9: TI 59 Register Loading

PARTITIONING
479.59
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Program 9: Tl 59 Listing

SUBROUTINES
PRINT & STORE
VARIABLES T
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CALC FLOW

321 ns 5
222 IE £

oa

ns 1

= =

oo 1]

og IN

04 4
as 5

v1 SER

  

£1 GTO
4% RCL
Oz Gz
55 +
42 RCL
11 11
£5 x
43 RCL

16 164
Sd 95 =

241 3% PRT
742 42 ST

§

  

243 13 iz

244 22 RADY
24% 43 ECL
245 54 Sd

247 71 SEE
242 £1 GTO

ada 92 ADV
S500 95 RADY

=51 S95 ALOY

252 43 RCL

393 iz 13
254 Fi RSE

 

Program 9: HP 41CV Data Sheet

ale ak 3k oe vk ofc ofc ok ok ofc He

ORIFICE LIGD
NON VISCOUS

He akc oe Ae oe ofc ofc she ok ok ok ok

ENTER FLOWN PPH
100,008, 8686 ht

ENTER TEMP DEG F
150.8968 =x

ENTER 56
8.9800 *%

ENTER DIFF RANGE INS H20
109, 2006 =x

ENTER PIPE ID INS
4.0260 *x

ENTER WEEP HOLE DIA INS
2.00080 5%

CALC S
8.2195 *E

ENTER BETA RATIO
8.5359 xis

CALC ORIFICE
BORE INS

2.1539 5%

oc of of ofc He Hk oe he ak ok ke ok

2.1539

ENTER REGD ORIFICE INS
2.1258 sx»

CALC BETA
RATIO

8.5278  #sx
ENTER $

8.2119 sa
CALC FLOW
FPH

96,545.9752  #x

ok ok oe of de of of ok ok ok ok xk

Ac 3c He ofc ok He df ak ok ok oe

ORIFICE LID
YISCOUS

she ok ae he ok oe ke ofc ote ok ok Hk

ENTER FLOR PPH
100.000.0980 sx»

ENTER TEMP DEG F
150.9008  #»x

ENTER SG
0.9800 se

ENTER DIFF RANGE INS H20
100.0008  *xx

ENTER PIPE ID INS
4.0260 sex

ENTER WEEP HOLE DIR INS
0.08000  o*x

ENTER VISCOSITY cP
10.0080 x=

CALC REYNOL
DS HNO

10,988.5743  #s

ENTER FC
1.6280  #»s

CALC Ss
8.2135 x

ENTER BETA RATION
8.5295  *x»

CALC ORIFICE
BORE INS

2.1318 os

He of 2c oc of of de ak of oe ok Xk

2.1318

ENTER REQD ORIFICE INS
2.1259 32

CALC BETA
RATIO

8.5278 hy
ENTER §

8.2119 Ha
CALC FLOW
PPH

99,249.2625 x

oc af ofc ofc of of dk of ofc dc dk

 

Program 9: HP 41CV Register Loading

SIZE 080

RG8= 8.000060
Re1= 0.000009
R82= 9.000000

RO3= 9.080000
Re4= 9.000000
R85= 9.000600
R86= 0.080000
Re7= 0.080000

Re8= 0.800008
R89= 0.808000
Ri18= 8.000000
Ril= 0.000009
R12= 0.000000



Ri3= 0.800088
Ri4= 0.080308
Ri5= 0.800808
Ri6= 0.080880
R17= 9.080808
R18= "CALC 0°
R19= = VIS®
R28= -COUS -
R21= "NON ¥-
R22= -1SCQUS*
R23= “REQD *
R24= “E INS *
R25= “ORIFIC"
R26= “E LIGD"
R27= “NON ¥*
R28= -ISCOUS*
R29= “RIFICE"
R38= 25.262723
R31= 57.535409
R32= 57.686188
R33= 57.620080
R34= 57.636465
R35= 57.666788

Liquid Flow—Universal Calculation

R36= 57.686970
R37= 9.000006
R38= $57.717268
R39= 0.080060
R48= 56.737408
R41= 57.756808
R42= 0.000069
R43= 56.760000
R44= 57.777800
R45= 2.000600
Rdh= 18.297924
R47=  57.232524
R48= 0.000008
R49= 56.777808
R58= 57.7600888
RS1= 0.080080
RS2=  56.335468
RS3= “FLOW *
RS4= “PPH -
R95= “sassss"

RS6= CALC *
R57= “ENTER *
R58- 0.666000

RS9= 0.000000
R68= “TEWP D*
Ré1= "EG F ~
R62= =SG  *
R63= “DIFF R*
R64= “ANGE I-
R65= NS H20*
R66= “PIPE I"
R67= =D INS *
R68= “WEEP H*
R69= =OLE D*
R78= “IA INS*
R71= =¥ISCOS*
R72= “ITY cP"
R73= =REYNOL®
R74= DS NO *
R73= FC ©
R76= =S :
R?77= =BETR *
R78= "RATIO *
R79= = BOR"

117

 

Program 9: HP 41CV Listing

SUBROUTINES

@leLBL “UN LIQ"
82 G10 A

PRINT LINE OF
STARS

@3¢LBL a
84 FC? 55
85 RTN
86 35.95
87 Ady
88 SF 12
89 XEQ b
18 ADY
11 RTN

PRINT LINES

12¢LBL d
13 SF 12
14 1
15 ST+ 58
16 RCL IND 58
{7¢LBL b
18 STO 59
19 CLR
20¢LBL ¢
21 ARCL IND 59
22 RCL 39

23 FRC

24 108
25 *
26 STD 59
27 ¥+8?
28 GTO ¢
29 FC? 55
38 GTO 81
31 PRA
32 CF 12
33 RIN
34¢LBL 01
35 CF 12
36 AYIEW
37 RTN

PRINT & STORE
VARIABLES

J8eLBL

391
48 ST+ 58
41 RCL IND 58
42 %=8?
43 RTN
44 XEQ b
45 1
46 ST+ 81
47 RCL IND 81
48 TONE 9
49 FS? 08
50 GTD 81
51 STOP

52 STO IND 81
53eL8L 81
54 ¥EQ J
55 GTO e

RE-ENTER
VARIABLES

SéeLBL "REENTER®
57 ADY
58 1
99 +
68 STO 81
61 FC? 83
62 GTO 81
63 7
64 RCL 01
65 X{=Y?
66 GTO 81
67 2
68 ST+ 81
69¢LBL 81
78 RCL IND 81
71 Xe@ J
72 STOP
73 XEQ J
74 STO IND 01
75 ADY
76 SF #8
77 SF 82
78 STOP
79 GTO 82
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BYPASS PRINTER 122 RCL 02 168 X12

8aeLBL J 123 + 169 RCL 07

81 FC? S5 124 RCL 06 170 Xt2

82 GTO 01 125 7 171 -

83 PRY 126 RCL 08 172 SORT

84 RTN 127 / 173 STO 14

85¢L8L 61 128 ST0 17 174 GTO 81

86 VIEN X 129 XEQ J

87 RTN
ENTER REQD BORE

1756LBL “EVEN SZ2°

MAIN PROGRAM ENTER F. 176 10

NONVISCOUS 130 XEQ e 177 ST0 91
178 46

88eLBL A
179 STO 52

89 FC? 00
180 XEQ e

99 CF 04 CALC S
91 FS? 04 1314LBL 01

92 GTO “UN YISC* 132 cr ® CALC p

93 SF 63 LBL ©

94 RCL 21 134 9 181 XEQ d

95 STO 27 135 STO 81 182 RCL 11

9% RCL 22 136 42 183 Xt2

97 GTO 01 137 ST0 58 184 RCL 87

138 XEQ d 185 X12

139 RCL 82 186 +

VISCOUS 149 FS? 03 187 RCL #6

9geLBL “UN VISC® 141 CTO 81 [og M2
99 FC? 88 142 PCL 09 199

189 CF 03 143 / 91 pod

181 FS? 03 1444LBL 01 192 SEQ 15
162 CT0 A 145 RCL 06 EQ J

183 SF 84 146 Xt2

164 RCL 19 147 /
165 STO 27 148 .8567 ENTER S

149 RCL 83
186 RCL 28 18 193 XEO &

151 2831

ENTER DATA 152 +

LO7oLEL 01 153 / CALC FLOW

168 STO 28 154 RCL 04 194 ¥E0 d
1091 135 RCL 5 195 RCL12
118 STO 81 156 » 1% RCL 13

it 29 157 SaRT 197 /

112 $70 58 158 / 198 RCL 62

113 XEQ a 159 S10 13 199 +

114 EO d 169 XeQ J 208 STO 14

115 XEQ a
201¢LBL 01

116 XEQ e
282 XEQ J

117 FS? 83 CALC d 203 FS? 89

118 GTO 81
204 STOP

12 XEQ d 162 FC? 82 286 RCL 14
163 CF 89 207 VIEW X

166 RCL 86 218 STOP

121 4.424 167 * 211 END,

 



Liquid Flow—Universal Calculation

Program 9: Sequence of Calculations

1. Calculate S value.

WwmS = —
D* (2831 + .0567T) \/Gh,
 

2. Calculate Reynolds number.

_4.42W,
D Du
 

3. Calculate orifice bore.

d = V(BD)? = (d,)? inches

4. Calculate flowrate for an even-sized orifice.

 

_|d?—d,
B - D?

new S CL
new flow = ———— X original flowrate, pounds per hour

original §

Program 9: Nomenclature

D Inside diameter of pipe, inches

d Diameter of orifice bore, inches

d, Weep hole diameter, inches

F. Reynolds number correction factor, dimensionless

G, Specific gravity of liquid at flowing temperature, dimensionless

h,, Maximum differential range, inches of water

S Beta ratio index, dimensionless

T, Flowing temperature, °F

W_ Maximum rate of flow, pounds per hour

pn Absolute viscosity, centipoises

B Beta ratio d/D, dimensionless

References

119

L. K. Spink, The Principles and Practice ofFlowmeter Engineering, The

Foxboro Company.



120 Flow Elements

 

 

 

 

Typical Data

S Values for Lo-Loss Tube*

d/D S d/D S d/D S

.35 .1048 S51 .2183 .67 .3873

.36 .1106 .52 .2268 .68 .4005

.37 1167 .53 .2356 .69 4147

.38 .1228 .54 .2446 .70 .4289

.39 .1292 .55 .2539 71 .4442

.40 .1356 .56 .2634 72 .4595
41 .1423 .57 2733 .73 .4761

42 .1492 .58 .2832 74 .4930
43 .1561 .59 .2933 75 5111
44 .1632 .60 .3041 .76 .5298
45 .1705 .61 .3149 77 .5493

.46 .1781 .62 .3260 .78 .5702

.47 .1857 .63 .3375 .79 .5919

.48 .1936 .64 .3493 .80 .6153

.49 .2016 .65 .3617 .81 .6401

.50 .2098 .66 3741 .82 .6666
 

*Extracted from The Principles and Practice of Flowmeter Engineering,

Foxboro Company.

S Values and Radius of Quadrant-Edge Orifices*
Thickness at Throat = Radius, r

L. K. Spink, The

 

 

8d 0s I pf 0s I gl? 0s I 4% sf
D D D D D D D D

20 0305 0198 31 0748 0325 42 .1407 .0492 53 237 .0781
0321 .0203 0773 0331 1443 0501 243.0801

21 0338 0209 32 0798 .0338 43 .1480 0511 .54 .248 .0822
0355 0214 0824 0344 1518 0520 254.0845

22 0372 0220 33 0850 .0351 .44 .1556 0530 55 .260 .0869
0390 .0225 0877 0358 1595 0540 266.0895

23 0408 0231 34 0904 0364 45 .1635 0550 .S6 272 .0922
0426 .0236 0931 .0371 1675 0561 279.0950

24 0445 0242 35 0959 0378 46 1716 0572 57 .285 .0980
0464 0247 0987 0385 1758 .0583 292 .101

25 0484 0253 36.1016 .0392 47 1801 .0595 .58 .298 .104
0504 0259 1045 0400 1844 0607 305 .108

26.0524 0264 37 .1075 0407 48 1888 .0619 .59 312 .113
0545 .0270 1106 0415 1933 .0632 319 .119

27 0566 0276 38.1137 .0423 49 .1978 0646 .60 .326 .125
0587 .0282 1169 0431 2024 .0660 333.132

28.0609 .0288 .39 .1201 .0439 .S0 2070 .0675 61 .341 .141
0631 .0294 1234 0448 212.0691 348.152

29.0654 0300 40 .1267 .0456 SI 217 0708 62 .356 .164
0677 .0306 1301 .0465 222.0725 364 .178

30.0700 0312 41 .1336 .0474 52 227 0743 63 372 .192
0724 0318 1371 .0483 232.0762 380 .205
 

*From Delft Report 1312M of Royal Dutch Shell Laboratory, Delft, Holland.
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Program 10

Gas or Vapor Flow—Orifice Plate, Flange Taps

Program 10: User Instructions

a) For the TI program, enter S OP 17 for nonstandard

partitioning (559.49 is the display of the required par-
titioning).

b) Initiate program, press A.

¢) Enter:

1. Flowrate, pounds per hour Press R/S

2. Flow temperature, °F Press R/S

3. Flow pressure, PSIG Press R/S

4. Specific weight, pounds per cubic foot Press R/S

5. Differential range, inches of water Press R/S

6. Pipe inside diameter, inches Press R/S
7. Specific heat ratio C,/C,, dimensionless Press R/S

8. Absolute viscosity, centipoises Press R/S

d) Program calculates beta ratio (dimensionless) and ori-

fice bore (inches).

e) If an even-sized orifice bore is required, press C and

enter:

9. Required orifice bore Press R/S
f) Program calculates beta ratio (dimensionless) and new

flowrate (pounds per hour).

Notes:
1. The E subroutine is available to change data and recalculate.

2. If the orifice plate material is not 316SS or 304SS, see Table of Equal

Thermal Expansion Temperatures for Various Orifice Plate Materials,

page 162.
3. See Program 16 for specific weight calculation.

 

(Program 10 continued on next page)
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Program 10: Tl 59 Data Sheet

EEEFEEEEEFEESC CEE EEF

GAS ORIFICE CALC
FLHGE THFZ

EHTE

EHTR

© FLOW FPH

TEMP oF

© SFCFC HT FPPCF

DIFF RAMGE IH Wi
100.

FIFE IT IHs
2.087

EHTR CP-CY
1.332

ENTER YISC CP
0. 015

CALC BETH
.EZEE4E9413

CALL ORIFICE IHS
E TTS Ts

1. 315953362

EHTRE OF IFIC E IHS
1. 27

 

FEFEFFFLE FEELAREEE

 

Program 10: Tl 59 Register Loading

1417371200
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Program 10: Tl 59 Listing
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Program 10: HP 41CV Data Sheet

ofc ok 3c se ok She Hk ofc oe ok kk

ORIFICE GRAS
FLANGE TARPS

fe of of of of ok ofc of ke ok Ae ke

cNTER FLOW PPH
2,500.0000  *s=

ENTER TEMP DEG F
366.0088  **x

ENTER PRSS PSIG
150.0068  s«

ENTER DENSITY PPCF
8.3648 sxx

ENTER DIFF RANGE INS H20
100.8904 ss

ENTER PIPE ID INS
2.0670 3

ENTER CP/CY
1.3329 ms

ENTER VISCOSITY cP
8.8158 3s

CALC BETA
RATIO

8.6366 7x

CALC ORIFICE
BORE INS

1.3168 s#¢

kc ok oc He fe fk of ok dk ok kk

1.3168

ENTER REQD ORIFICE INS
1.3758 sss

CALC BETA
RATIO

0.6652  aa+
CALC FLOW
PPH

2,781.2064 ss

A oe ok He ok 3k dk ok oe ke sek



Program 10: HP 41CV Register Loading

SIZE 080
R8B= 9.080080
RB1= 1.880808
R82= 9.008008
RE3= 9.800289
R84= 0.000008
Re5= 9.080888
Re6= 0.08808880
R87= 4.880888
ReR= 8.888048
R89= 8.888000
R16= @.00a000
R11= 9.0808808
R12= 8.800000
R13= @.00800888
R14= 8.08084
R15= 8.808008
Ri6= @.8080008
R17= 9.088000
R18= 9.808808
R19= 9.080808
R28= 9.28R869
R21= 0.880000
R22= 0.008800
R23= 8.000000
R24= @.80608808
R25= =ORIFIC®

R26= “E GAS"
R27= =FLANGE"
R28= = TAPS*
R29= “FLOWN
R30= 8.800080
R31= 25.262728
R32= 57.295080
R33= 57.515200
R34=  57.535488
R35= 57.686109
R36= 57.626364
R37= 57.656600
R38= 57.6708888
R39= 57.686980
R48= 0.000080
R41= 56.787188
R42= 75.767273
R43= 57.747673
Rd4= ¢.008000
R45= 56.787104
R46= 56.295688
R47= 0.000000
R48= 0.000004
R49= 8.000080
R58= *PPH *
RS1= “TEMP D-
R52= "EG F =

Gas or Vapor Flow—Orifice Plate, Flange Taps

R53= -PRSS P*

RS4= =SIC *
R99= “sesexs"

RS6= =CALC *
R57= “ENTER *
R38= 9.008000
R59= 0.000000
R68= =DENSIT®
R61= "Y PPCF*

R62= DIFF R*
R63= “ANGE I*
R64= NS H20°"

R65= PIPE I"
Ré66= =D INS *
R67= =CP/CY *
R68= -¥ISCOS"
R69= “ITY cP"
R78= “BETA *

R?1= RATIO *
R72= = BORE *
R?3= = INS
R?74= =REQD 0°
R?75= =CALC 0"
R?6= =RIFICE"
R77= 0.008008
R78= 0.000029
R79= 0.000088
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SUBROUTINES

B1eLBL “FT GR5*
82 GTO RA

PRINT LINE OF
STARS

B3¢LBL a
84 FC? 55
85 RTN
86 55.53
#7 RADY
88 SF 12
#9 XEQ b
18 ADY
11 RTN

PRINT LINES

12¢LBL 4
13 SF 12
14 1
15 ST+ 58
16 RCL IND 52
17¢LBL b
18 STO 59

Program 10: HP 41CV Listing

19 CLA
28¢(BL ¢
21 ARCL IND 59
22 RCL 59
23 FRC
24 100
25 *

26 STO 59
27 ¥#8?
28 GTO ¢
29 FC? 55
38 GTO 81
31 PRR
32 CF 12
33 RIN
34¢LBL 01
35 CF 12
36 AYIENW
37 BTN

PRINT & STORE
VARIABLES

30eLBL
391

48 ST+ 58
41 RCL IND 58
42 %=8?
43 G10 d
44 XEQ b
451
46 ST+ 81
47 RCL IND 81
48 TONE 9
49 FS? 28
58 GTO 81
51 STOP
52 STO IND 61
53.7
54 STO 14
55 RCL IND 81
S6eLBL 01
57 XEQ J
58 GTO e

RE-ENTER
VARIABLES

59¢LBL “REENTER"
68 ADY
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61 1
62 +

63 STO 81
64 RCL IND 01
65 XEQ J
66 STOP
67 XEQ J
68 STO IND 01
69 RADY
70 SF 90
71 SF 92
72 STOP
?3 GTO #2

BYPASS PRINTER

74eLBL J
73 FC? 55
76 GT0 81
77 PRX
78 RTN
79¢LBL 61
86 VIEW X
81 RTN

ITERATE FOR B

82¢LBL B
83 .0876
84 RCL 67
85 SORT
86 /

87 .364
83 +

89 STO 13
98eLBL F
91 .007
92 RCL 67
93 /
94 .5993
95 +

9 STO 12
97 .5
98 RCL 67
99 /
108 .67
161 +
182 RCL 14
183 PSE
184 -
165 9
186 XY
187 X(=Y?
168 GTO 61
189 2.5
118 YX
111 1.6
112 RCL @7
{13 17%

114 -
115 §
116 YX
117 .4
118 =
119 =
128 ST+ 12
121eLBL 81
122 .5
123 RCL 14
124 -
125 0
126 XOY
127 ¥(=Y?
128 GTO ot
129 1.9
130 YX
131 .09834
132 RCL 67
133 7
134 +
135 =
136 ST- 12
137¢LBL 61
138 RCL 14
139 .7
149 -
141 @
142 XOY
143 X(=Y?
144 GT0 01
145 2.5
146 Yt%
147 65
143 RCL 67
149 X12
150
151 3
152 +
153 +
154 ST+ 12
155¢LBL 01
156 RCL 12
157 2
158 »
159 RCL 14
160 =
161 RCL 14
162 5
163 YX
164 6
165 *
166 RCL 13
167 *
168 +
169 STO 23
178 RCL 12
171 RCL 14

172 %t2
173
174 RCL 13
175 RCL 14
176 6
177 YX
178 »
179 +
180 838
181 RCL 14
182 5000
183 =
184 -
185 9000
186 RCL 14
187 X12
188
189 +
198 4200
191 RCL 14
192 %t2
193 »
194 RCL 14
195
196 -
197 530
198 RCL 67
199 SORT
208 /
201 +
282 STO 24
203 .000815
204 =
205 1
206 +
207 /
208 ST0 11
289 FS? 01
218 GTO G
211 RCL 16
212 -
213 RCL 23
214 /
219 ST- 14
216 ABS
217 .000015
218 ROY
219 X>Y?
228 GTO F
221 RCL 14
222 RTN

CALC F,
223+LBL D
224 RCL 14
225 4
226 YX



227.3%
228 »
229 .41
230 +

231 RCL 86
232 »
233 39.6
234

235 RCL 98
236
237 RCL 04
238 19
239 +
249 ~
241
242
243
244 ST/ 16
243 RCL 14
246 RCL 87
247 »
248 X12
249 RCL 24
258 =

251 RCL 89
292 =

253 4.42
254 /
253 RCL 82
256 7
257 1
258 +
259 ST/ 16
268 RTN

+
—
© o
w

MAIN PROGRAM
ENTER DATA

261¢LBL A
262 1
263 STO 81
264 20
265 STO 58
266 XEQ a
267 XEQ d
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268 XEQ a
269 XEQ e
278 CF 0@
2714LBL 82
272 41
273 ST0 58

CALC Kp?

274 RCL 82
279 RCL 87
276 X12
277 7

278 358.5
279 RCL 83
289 .807
281 »

282 +

281 /

284 RCL 85
285 RCL 06
286 *

287 SORT
288 7
289 STO 16
298 STD 18

CALC B
291 XE@ B
292 XEQ@ D
293 ¥EQ B
294 RCL 18
295 STO 16
296 XEQ D
297 Xea B
298 XEQ J

CALC d

299 XEQ d
Jeo RCL 14
381 RCL 87
382 =
383 STD 19
384 GTO 81

ENTER REQD BORE

385¢LBL “EVEN S2°
366 SF 61
387 14
308 STO 81
389 42
310 STO 58
3t1 XEQ #

CALC B

312 RCL 15
313 RCL 87
314 /
315 STO 14
316 XEQ J

CALC FLOW

317 GTO B

318¢LBL G

319 CF a1

326 X¥EOQ d
321 RCL 11
322 RCL 16

323 /

324 RCL 82
325 *
326 STD 19

327¢LBL 81
328 XEQ J
329 FS? 98

338 STOP
331 XEQ a

332 CF 82

333 RCL 19
334 VIEW X
335 BEEP
336 ADY
337 STOP
338 END.

 

Program 10: Sequence of Calculations

1. Calculate XK,’ value.

Ww,
m
 

K,B* " D*(358.5 + .007T)) V,h,
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2. Iterate to find uncorrected beta ratio.

KB? =p (0 5993 + 227) + (0 364 + 7) B*B= . D ‘ VD

1\*

+ 0.4 (16 - 2)
D

0.5 32 0.034
0.07 +——8 0.009 + ——

D D

0.5 -B)"* + (2 + )

B - 0] + k + 0.000015 (830 — 50008 + 9000B>

— 42008° + 2)
VD

Any negative factor, such as (8 — 0.7)” when B is less than 0.7, shall
be taken as equal to zero, and thus the whole term (65/D* + 3)(B —

0.7)*"* will drop out of the equation.
Let fx equalthe equation in step 2—K,3, and let

, (( - )
fix=2(1.5993+—)+41.6-—

D D

5 ) =
07+=-p] -[.009+—

D D

65
0.5 - B)*2 + 2 + s)e - 7B

076
+6 (130 + x) ge

VD

Start with 8 = 0.7 and calculate fx/f'x. If greater than 0.000015, sub-
tract fx/f'x from current value of B and repeat until the error is less
than 0.000015.
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. Calculate the expansion factor.

_ (41 + .358%h,

39.6 kP,
Y=1

. Divide K,B* by Y.
Calculate the Reynolds number correction factor.

530
F =1+ (20 — 50008 + 90008° — 4200 8° + =)

D

(DBi,
4.42W,

. Divide K,B* by F,.

. Repeat step 2 to find corrected beta ratio.

. Repeat steps 3, 4, 5, and 6 using corrected beta ratio.

. Repeat step 2 for final beta ratio.

. Calculate orifice bore.

d = BD inches

Calculate flowrate for an even-sized orifice bore.

Calculate K,B* using the equation in step 2.

new K, B*
new flow = ————

original Kf
X original flow, pounds per hour

Program 10: Nomenclature

Inside diameter of pipe, inches
Bore diameter of primary device, inches
Reynolds number correction factor for steam, vapor, or gas, dimen-

sionless
Maximum differential or range of differential gauge, inches of water,

dry calibrated
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K, Coefficient of discharge, including velocity of approach at a hypo-

thetical Reynolds number of infinity, dimensionless

k Ratio of specific heats C,/C,, dimensionless

P; Flowing pressure, PSIA

T, Flowing temperature, °F
W, Maximum rate of flow, pounds per hour

Y Expansion factor, dimensionless

B Diameter ratio d/D, dimensionless
vy; Specific weight at flowing conditions, pounds per cubic foot

kk, Absolute viscosity, centipoises

References

L. K. Spink, The Principles and Practice ofFlowmeter Engineering, The

Foxboro Company.
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Program 11: User Instructions

a) For the TI program, enter 5 OP 17 for nonstandard

partitioning (559.49).

b) Initiate program, press A.

c) Enter:

1. Flowrate, pounds per hour Press R/S
2. Flow temperature, °F Press R/S
3. Flow pressure, PSIG Press R/S

4. Specific weight, pounds per cubic foot Press R/S

5. Differential range, inches of water Press R/S

6. Pipe inside diameter, inches Press R/S
7. Specific heat ratio C,/C,, dimensionless Press R/S
8. Absolute viscosity, centipoises Press R/S

d) Program calculates beta ratio (dimensionless) and ori-

fice bore (inches).

e) If an even-sized orifice bore is required, press C and
enter:

9. Required orifice bore, inches Press R/S

f) Program calculates beta ratio (dimensionless) and new

flowrate (pounds per hour).
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Notes:

1. The E subroutine is available to change data and recalculate.

2. If the orifice plate material is not 316SS or 304SS see Table of Equal

Thermal Expansion Temperatures for Various Orifice Plate Materials,

page 162.

3. See Program 16 for specific weight calculation.

 

Program 11: Tl 59 Data Sheet
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Program 11: Tl 59 Register Loading

PARTITIONING 13
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FF TE LEBEL oy ai 30 21 RECS
4800 13 © 43 ROL S41 £1 GTO
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Program 11: HP 41CV Data Sheet

of 3 3c ofc 3k ofc dk ok Hc He Hk He oc of ofc ok ak ok 3K ok ak ok ok ok

ORIFICE GRS
*P IPE TAPS*

fc ic ofc dc oc fe of de oH fe ok ok

ENTER FLOR PPH
2,500, 0000 "i

ENTER TEMP DEG F
366.0888 x

ENTER PRSS PSIG
156.6908 5%

ENTER DENSITY PPCF
8.3648 *E

ENTER DIFF RANGE INS H20
108.0040 *x

ENTER PIPE ID INS
2.8670 3x

ENTER CP/CY
1.3320 x

ENTER VISCOSITY cP
8.0158 [23]

CALC BETR
RATIO

8.5798 kk

CALC ORIFICE
BORE INS

1.1985 L220]

1.1985

ENTER REGD ORIFICE INS
1.2508 *x=

CALC BETA
RATIO

8.6847 x

CALC FLOW
PPH

2,817.1767 4x8

oc oc of of fe of oe ok ok ok of ok
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Program 11: HP 41CV Register Loading

SIZE 080 R26= "E GRS* R54= “SIG *
R27= =sPIPE ° R55= “ssssss”

RO6= 0.000000 R28= = TAPS*" RS6= °CALC *
R81= 0.000000 R29= “FLOWN * R57= “ENTER °
RG2= 0.890600
RG3= 6.000800

R39= 9.000000
R31= 25.262728

R38= 0.000000
R39= 0.000080

Re4= 9.000000 R32= 57.295068 R68= “DENSIT®
RE5= 0.000008 R33= 57.515200 R61= °Y PPCF*
R86= 0.008800 R34= 57.535400 R62= “DIFF R*
R87= 0.000000 R35= 57.686100 R63= “ANGE I*
R88= 0.008000 R36= 57.626364 R64= “NS H20°
R69= 0.000008 R3I7= 57.656680 R65= “PIPE I*
R16= 0.800000 R38= 57.676009 R66= =D INS *
Ri1= 0.080000
Ri2= 0.000000

R39= 57.686900
Ré6= 0.000000

R67= =CP/CY =
R68= -YISCOS*

R13= 0.000800 R41= 56.787180 R69= “ITY cP*
R14= 9.000000 R42= 75.767273 R?8= "BETA *
R15= 9.880006 R43= 57.747673 R71= “RATIO *
Ri6= 0.800808 R44= 0.000000 R72= = BORE *
R17= 0.000060 R45= 56.787108 R73= = INS ©
R18= 9.880000 Ré46= 56.295000 R74= -REQD 0°
R19= 0.000800 R47= 0.000600 R?75= =CALC 0°
R28= 0.080000 R48= 0.000000 R?6= “RIFICE"
R21= 0.000880 R49= 0.000008 R77= 9.600080
R22= 8.000800 R58= “PPH * R78= 0.000800
R23= 0.800000 RS1= “TEMP D* R79= 9.008800
R24= 0.006808 RS2= "EG F =
R25= “ORIFIC* R53= “PRSS P*

 

Program 11: HP 41CV Listing

SUBROUTINES 19 CLA 41 RCL IND 58
. . 28¢LBL ¢ 42 ¥=8?@1eLBL “PT CASpip 21 ARCL IND 59 43 610 d

22 RCL 59 44 XEQ b
PRINT LINE OF 23 FRC 41

STARS a 100 46 ST+ 81

* 47 RCL IND 01
offen 2 26 STO 59 48 TONE 9

? 27 X28? 45 FS? 00
be 5555 c 58 GTO ot

29 FC? 55 51 STOP87 ADV
38 GT0 81 52 STO IND 0188 SF 12
31 PRA 53 .789 XEQ b :32 CF 12 54 STO 14

16 ADV 33 RIN1 RTH 3 55 RCL IND 81
34eLBL 01 S6eLBL 01

PRINT LINES 35 CF 12 57 XEQ J

120LBL d Ei % C10gph RE-ENTER
“1 PRINT & STORE VARIABLES
15 ST+ 58 VARIABLES 59¢LBL “RENTER
16 RCL IND 58 380LBL e 60 ADY
176LBL b 391 61 1
18 STO 59 48 ST+ 58 62 +



63 STO 81
64 RCL IND 81
65 XEQ J
66 STOP
67 XEQ J
68 STO IND 81
69 AY
78 SF 98
71 SF 82
72 STOP
73 GTO 82

BYPASS PRINTER

74eLBL J
75 FC? 55
76 GTO 81
77 PRX
78 RTN
79¢LBL 81
88 VIEW X
81 RIN

ITERATE FOR B

82+LBL B
83 .229
84 RCL 07
85 /
86 .935
87 +
83 STD 13
89¢LBL F
98 .8182

91 RCL 87
92 s

9% .29
97 RCL 14
93 PSE
Qq -

188 @
181 LOY
102 X{=Y?
183 GTN 81
184 2.5
185 Y4X
196 1.43
187 =
188 RCL 87
189 SORT
118 /
111 ST+ 12
112¢LBL 81
113 04
114 RCL 67
115 7
116 CHS
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117 .44
118 +
119 STO 23
120 18.9
{21 RCL 14
122 13
123 4X
124 »
125 RCL 14
126 3
127 4X
128 RCL 23
129 »
130 4
131 »

132 +
133 RCL 12
134 2
135
136
137
138
139
148
141
142

143
144 RCL 13
145 *
146 +
147 STD 20
143 RCL 14
149 4
158 Y4X
151 RCL 23
152 *
153 RCL 12
154 RCL 14
155 ¥t2
156
157 +
158 RCL 14
159 7
160 Yt%
161 RCL 13
162 *
163 +
164 RCL 14
165 14
166 YX
167 1.35
168 *
169 +
178 9600
171 RCL 14
172 X12
173 =
174 945
175 +

D
Q

r
=

— ~
~

#
4
C
T
O

4+
#
D
H
T

-
La

r)
>
<

— — o
e

176 5008
177 RCL 14
178 »
179 -
188 RCL 14
181 3
182 YX
183 4200
184 *
185 -
186 8795
187 RCL 87
188 /
189 +
199 STO 24
191 .800815
192
193
194
195
196 STD 11
197 FS? 81
198 GTO 6
199 RCL 16
200 -
2081 RCL 2A
202 7
203 ST- 14
284 ABS
205 .900815
286 XOY
287 $Y?
298 GTO F
289 RCL 14
218 RTH

N
+
—

CALC Fp

211¢LBL D

212 RCL 14
213 4
214 YX

215 .35
216 *

217 .41

218 +
219 RCL 86
2208 *
221 29.6
222 /
223 RCL 08
224 /
225 RCL 84

226 15
227 +
228 7
229 CHS
238 1
231 +
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232 S17 16
233 RCL 14
234 RCL 67
235
236 Xt2
237 RCL 24
238 =
239 RCL 89
240 =
241 4,42
242 7
243 RCL 62
244 /
245 1
246 +
247 S17 16
248 RTM

MAIN PROGRAM
ENTER DATA

249¢LBL A
258 1
251 STO 81
252 39
253 ST0 58
254 XEQ a
255 XE d
256 XEQ a
257 XEQ e
258 CF 08
259¢LBL 82
260 41
261 STO 58

CALC Kg?
262 RCL 82
263 RCL 87

264 X12
265 /
266 358.5
267 RCL 93
268 .097
269 *
270 +
27 /
272 RCL 85
273 RCL 96
274
275 SORT
276 /
277 ST0 16
278 STO 10

CALC B
279 XE@ B
288 XEQ D
281 XEQ B
282 RCL 18
283 570 16
284 XEQ D
285 Xea B
286 XEQ@ J

CALCd

287 Xe d
283 RCL 14
289 RCL 7
298 =
291 S70 19
292 G10 0!

ENTER REQD BORE

293¢LBL “EVEN SZ*

294 SF ot
295 14
296 STO 01
297 42
298 STO 58
299 XEQ e

CALC B

388 RCL 15
381 RCL 87
382 /
383 STO 14
304 Xe@ J

CALC FLOW

385 GTO B
3864LBL G
387 CF 01
308 XEQ d
389 RCL 11
310 RCL 16
31 7
312 RCL 82
33 =
314 S10 19
315¢L8L 61
316 Xe J
317 FS? 08
318 STOP
319 XEQ a
320 CF 82
321 RCL 19
322 VIEW X
323 BEEP
324 ADY
325 STOP
326 END.

 

Program 11: Sequence of Calculations

1. Calculate XK,3? value.

K,p*
Ww
m
 

D* (358.5 + .007T,) Vh,

2. Iterate to find uncorrected beta ratio, B.

0.0182
0.5925 + YD +

1

0.440 >)
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O
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0.225)
+ (0.935 + BS

D
 

1.43
+ 1.358" + — (0.25 — or] + K + 0.000015

\V/D

875
(50s — 50008 + 9000B> — 42008° + =)

If (.25 — PB) is negative, the function is taken as zero. Let fx equal the

equation in step 2 —KB, and let

 

0182 225)
fle=2(.5925+—=)p+7(935+—=)p

.06 1.43
+4(.44-— |p +—=(25-B)"p + 18.98"

2 b \/D BB B

Start with § = 0.7 and calculate fx/f'x. If greater than 0.000015, sub-

tract fx/f'x from the current value of B and repeat until the erroris less

than 0.000015.

. Calculate the expansion factor.

(.41 + 358%) h,,

39.6 k P,

. Divide K,B? by Y.

. Calculate the Reynolds number correction factor.

, , 875
F, = 1+ {905 = 50008 + 9000p" — 42008 + —=

(DB) pu,
4.42W,

. Divide K,B* by F,.

. Repeat step 2 to find corrected beta ratio.

. Repeat steps 3, 4, 5, and 6 using corrected beta ratio.

. Repeat step 2 for final beta ratio.

. Calculate orifice bore.
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d = BD inches

11. Calculate flowrate for an even-sized orifice bore.

Calculate K,B° using the equation in step 2.

new K, 8°
new flow =To

original Kf
X original flow, pounds per hour

Program 11: Nomenclature

D Inside diameter of pipe, inches

d Bore diameter of primary device, inches

F. Reynolds number correction for steam, vapor, or gas, dimensionless

h, Maximum differential or range of differential gauge, inches of water,

dry calibrated.

K, Coefficient of discharge, including velocity of approach at a hypo-

thetical Reynolds number of infinity, dimensionless

k Ratio of specific heats C,/C,, dimensionless

P;, Flowing pressure, PSIA

T, Flowing temperature, °F

W,, Maximum rate of flow, pounds per hour

Y Expansion factor, dimensionless

B Diameter ratio d/D dimensionless
Y, Specific weight at flowing conditions, pounds per cubic foot
Rk, Absolute viscosity, centipoises

References

L. K. Spink, The Principles and Practice ofFlowmeter Engineering, The
Foxboro Company.
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Program 12: User Instructions

a) For the TI program, enter SOP 17 for nonstandard par-
titioning.
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b) Initiate program, press A.

c) Enter:

. Flowrate, pounds per hour

Flow temperature, °F

Flow pressure, PSIG

Specific weight, pounds per cubic foot

Differential range, inches of water

Pipe inside diameter, inches

Specific heat ratio C,/C,, dimensionless
. Absolute viscosity, centipoises

d) Program calculates beta ratio (dimensionless) and ori-

fice bore (inches).

e) If an even-sized orifice bore is required, press C and

enter:

9. Required orifice bore, inches

f) Program calculates beta ratio (dimensionless) and new

flowrate (pounds per hour).

Notes:

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

1. The E subroutine is available to change data and recalculate.

2. If the orifice plate material is not 316SS or 304SS, see Table of Equal

Thermal Expansion Temperatures for Various Orifice Plate Materials,

page 162.

3. See Program 16 for specific weight calculation.

 

Program 12: TI 59 Data Sheet
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Program 12: TI 59 Register Loading
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CALC B 401 32 =07T 430 44 44
ITa4 1® FE 402 26 STF 43 17 BE

37S 14 I 40301 Of 432 43 RCL
ITE 1= E U4 33 RCL ad i1 11

IFT 43 ROL S05 43 43 424 55 +
aT o 10 10 4 ul E 17 E* Gat 43 FE I L

37a 42 sT0 sir zz iT 43601 01
330 01 Of fo 31 RS 4 £5
221 14 1 0% 232 PRT 43 43 RCL
So iz E 33 az oz

T0393 PRT 44 21 GTO
CALC B 4 az 02

410 55 = dd Sz 92

CALC d 411 43 RCL RE-ENTER
3 3 FRCL 41 = oy av VARIABLES
42 47 413 35 = 443 FE LEBEL
17 BE? 414 42 STO 444 15 E
$3 RCL 415 1d 14 445 93 PRT
14 14 Ie 43 RCL 1d 35 +
ES = $1v 41 41 I |

33 RCL 413 iv EB! as =

07 Ov 419 43 RCL 42 =T0

395 = 4=20 14 14 oi ot
99 FRT 421 29 PRT 73 RC

32 =T ol ot
ie AF 3 929i RSS
942 HOY CALC FLOW 454 To z T %

32 HIT £1 GT 455 01 014
91 RSS iz EB 456 23 PRT

TE LE 457 92 ADV

ENTER REQD cx ThE sof oe Elf
ORIFICE 26 STF 460 91 ROS

22% FE LEBEL oi ai 451 51 GTO

400 iz oC 43 RCL 462 432 RCL

Program 12: HP 41CV Data Sheet

ok ok ok i ec x de of ok ok dk oF ENTER DIFF RANGE INS H20 ac ok ok ofc oe ke ofc ok oc of ok ok

160.6000 x
ORIFICE GRAS ENTER PIPE ID INS 1.3231
CORNER TAPS

ofc Ak ofc 3c ofc of oe ok ok ok ok Hk

ENTER FLOW PPH
2,508.6008  *xx

ENTER TEMP DEG F
366.0008  **x

ENTER PRSS PSIG
150.6888 sx

ENTER DENSITY PPCF
8.3640 5+

2.8678 "E

ENTER CP/CY
1.3328 #»x

ENTER VISCOSITY cP
9.0159 5%

CALC BETAR
RATIO

8.6481 x

CALC ORIFICE
BORE INS

1.3231 x

ENTER REQD ORIFICE INS
1.3758 *#x

CALC BETA
RATIO

0.6652 wks
CALC FLOW
PPH

2,748.1659 sss

ok Hk fe ofc of ok oc He of He kok
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Program 12: HP 41CV Register Loading

SIZE 080
R80= 9.000009
Rel= 0.008006
R62= 9.600800
Re3= 8.808000
Re4= 0.080000
R85= 0.800000
R86= 8.000000
RA7= 0.000000
Re8= 0.000000
R@9= 0.080000
R16= 0.000080
R11= 0.080008
R12= 0.608000
R13= 8.888000
Ri4= 8.000000
R15= 0.800600
Ri6= 9.008500
R17= 0.000000
R18= 9.080008
R19= 0.000008
R26= 0.688084
R21= 9.080000
R22= 6.0008608
R23= 9.080000
R24= 0.608008
R25= “ORIFIC"

R26= “E GRS®
R27= “CORNER*"
R28= = TAPS"
R29= “FLOW *
R30= 9.000000
R31= 25.262728
R32= 57.295080
R33= 57.515200
R34= 57.535409
R35= $57.6@6100
R36= 57.626364
R37=  57.656600
R38= 57.670800
R39= 57.686908
R48= 9.000000
Ré1= 56.767108
R42= 75.767273
R43= 57.747673
Ré4= 8.000060
R45= 56.787168
Ré46= 56.295060
R47= 8.0880008
R48= 6.000009
R49= 9.000000
RS8= *PPH *
RS51= "TEWP DB"
RS2= “EG F =

R33= “PRSS P*
R54= °SIG *
R55= “sssees”

RS6= -CALC ~
R57= “ENTER *
R58= 46.000009
RS9= 0.000000
R68= “DENSIT"
R61= °Y PPCF*
R62= “DIFF R*
R63= “ANGE I*
R64= “NS H20"
R65= “PIPE I*
R66= °D INS *
R67= =CP/CY =
R68= =¥ISCOS*
R69= “ITY cP"

R78= “BETA *
R?71= “RATIO *
R72= = BORE *
R?73= = INS *
R74= -REQD 0°
R75= =CALC 0°
R76= “RIFICE"
R77= 9.000808
R78= 0.000000
R79= 8.800000

 

SUBROUTINES

@1eLBL “CT GAS"
82 GTO A

PRINT LINE OF
STARS

83418 a
84 FC? 55
85 RIN
86 55.35
a7 apy
88 SF 12
89 XEQ b
18 ADY
11 RIN

PRINT LINES

12¢LBL d
13 SF 12
14 1
15 ST+ 58
16 RCL IND 58
174LBL b
18 STO 59
19 CLA

Program 12: HP 41CVListing

28¢LBL c
21 ARCL IND 59
22 RCL 59
23 FRC
24 109
2»
26 STO 59
27 X+8?
28 GT0 ¢
29 FC? 55
38 GTO 81
31 PRA
32 CF 12
33 RTN
34¢L8L 01
35 CF 12
36 AYIENW
37 RIN

PRINT & STORE
VARIABLES

38¢LBL ¢
91
40 ST+ 58

41 RCL IND 58
42 %=0?
43 GT0 d
44 XQ b
45 1
46 ST+ 81
47 RCL IND 01
48 TONE 9
49 FS? 09
5 GT0 81
51 STOP
52 STO IND 81
53.7
54 STO 14
55 RCL IND @1
S6eLBL 81
57 XEQ J
58 GTO e

RE-ENTER
VARIABLES

S9¢LBL "REENTER"
60 ADY
61 1
62 +
63 STO 81
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64 RCL IND 81 17 + 173 +
65 XEQ J 118 RCL 14 174 RCL 86
66 STOP 119 § 175 +
67 XEQ J 120 YX 176 39.6
68 STO IND 81 121 2.1 177 7
69 ADY 122 + 178 RCL 88
78 SF 88 123 + 179 7
71 SF 82 124 STO 23 189 RCL 84
72 STOP 125 RCL 12 181 15
73 GTO 82 126 RCL 14 182 +

127 Xt2 183 /
128 + 184 CHSBYPASS PRINTER 129 RCL 14 85 1

740LBL J 139 6 186 +
75 FC? 55 131 YX 187 ST/ 16
76 GT0 81 132 .35 188 RCL 14
77 PRX 133 * 189 RCL 87
78 RIN 134 + 198 +
794LBL 01 135 STO 1! 191 Xt2
88 VIEW X 136 FS? 01 192 RCL 24
81 RTN 137 G70 G 193

138 RCL 16 194 RCL #9
139 - 195 *

ITERATE FOR § 148 RCL 23 19 4.42
82¢LBL B 141 7 197 7
83 .6004 142 ST- 14 198 RCL 02
84 STO 12 143 ABS 199 7
85 .5 144 .000915 200 1
86 RCL 14 145 YOY 201 +
87 - 146 XY? 202 ST/ 16
88 9 147 GTO B 203 RTH
89 XOY 148 RCL 11

98 X(=Y? 149 RCL 14 MAIN PROGRAM
oon 150 2 ENTER DATA92 1.5 151 Y#%
93 4% 152 / 204+LBL A
94.852 153 RCL 87 285 1
35 154 / 206 STO 81

9% ST- 12 155 RCL 14 207 28
974LBL 01 156 4 208 STO 58
93 RCL 14 157 YX 269 XEQ a
99 .7 158 026 218 ¥EQ 4
189 - 159 211 XEQ a
191 8 168 .082 212 XEQ ©
162 XOY 161 + 213 CF 08
183 X(=Y? 162 *
po oh 81 163 ST0 24 CALC Kp?

. 164 RCL 14166 1/% 165 RTH 2140LBL 82

toe 62 216 910 58
195.6 CALC Fq 217 RCL 82
110 ST+ 12 166¢LBL D 218 RCL 07
1114LEL 8 167 RCL 14 219 X12
112 RCL 12 168 4 228 /
13 2 169 YX 221 358.5
114 + 170 .35 222 RCL 03
115 RCL 14 171 = 223 .087

116 PSE 172 .41 204 +
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225 +
226 /
227 RCL 95
228 RCL 86
229 »
239 SORT
231 /
232 STO 16
233 ST0 18

CALC B

234 XEQ B
235 Xee D
236 XEQ B
237 RCL 10
238 STO 16
239 XEQ D
240 XEQ B
241 Xe@ J

CALC d

242 XEQ d

243 RCL 14
244 RCL 087
245
246 STO 19
247 GTO 01

248¢LBL "EVEN SZ-
249 SF 81
259 14
251 S70 01
252 42
253 S70 58
254 XEQ e

CALC B

255 RCL 15
256 RCL 67
257 /
258 STG 14
259 XEQ J

CALC FLOW

268 GT0 B
2614LBL G
262 CF a1
263 XEQ d
264 RCL 11
265 RCL 16
266 /
267 RCL 82
268 *
269 STO 19
270¢LBL 01
271 Xeq J
272 FS? 08
273 STOP
274 XEQ a
275 CF 82
276 RCL 19
277 VIEW X
278 BEEP
279 RADY
288 STOP
281 .END.

 

Program 12: Sequence of Calculations

1. Calculate KB

2. Iterate to find the uncorrected beta ratio, 3.

and

Ww
m
 Kp?  D?(358.5 + .007T,) \/v,h,

K,B* = B’(.6004 + 358° — .052 (.5 — B)* + .62(8 — .7)*"

fx

fix

If (.5 — B) or (B — .7) is negative, the function is taken as zero. Let

B? (.6004 + .35B* — .052 (.5 — B)*2 + .62 (B — 7)*")

- Kp?

2.1 B° + 2B (.6004 — .052 (.5 — B)** + .62(8 — 7)*?)

Start with 8 = 0.7 and calculate fx/f' x. If greater than 0.000015, sub-
tract fx/f'x from current value of B and repeat until the error is less
than 0.000015.
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. Calculate the expansion factor.

(41 + 358%,

39.6 kP,
Y=1

. Divide K,B* by Y.

. Calculate the Reynolds number correction factor.

. Dp.
F,=1+(.002 + .0268") K,—F

4.42 WwW,

. Divide K,B* by F,.

. Repeat step 2 to find corrected beta ratio.

. Repeat steps 3, 4, 5, and 6 using corrected beta ratio.

. Repeat step 2 for final beta ratio.

. Calculate orifice bore.

d = BD inches

Calculate flowrate for an even-sized orifice bore.

Calculate K,B° using equation in step 2.

new Kj’
> X original flow, pounds per hournew flow = —

original K

Program 12: Nomenclature

J
R

=
>

x

Inside diameter of pipe, inches

Bore diameter of primary device, inches

Reynolds number correction for steam, vapor, or gas, dimensionless

Maximum differential or range of differential gauge, inches of water,

dry calibrated

Coefficient of discharge, including velocity of approach at a hypo-

thetical Reynolds number of infinity, dimensionless

Ratio of specific heats Co/C,, dimensionless

Flowing pressure, PSIA

Flowing temperature, °F
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Maximum rate of flow, pounds per hour

Expansion factor, dimensionless

Diameter ratio d/D, dimensionless
Specific weight at flowing conditions, pounds per cubic foot

k., Absolute viscosity, centipoises

R
T
E

References

L. K. Spink, The Principles and Practice ofFlowmeter Engineering, The

Foxboro Company.

 

Program 13
Gas or Vapor Flow—Flow Nozzle and Venturi
 

Program 13: User Instructions
a) Initiate program, press A.

b) Enter:
1. Flowrate, pounds per hour Press R/S

2. Flow temperature, °F Press R/S

3. Flow pressure, PSIG Press R/S

4. Specific weight, pounds per cubic foot Press R/S

5. Absolute viscosity, centipoises Press R/S

6. Ratio of specific heats C,/C,, dimensionless Press R/S
7. Differential range, inches of water Press R/S

8. Pipe inside diameter, inches Press R/S
¢) Program calculates preliminary beta ratio (dimension-

less) and Reynolds number (dimensionless).

d) Enter, from appropriate F_ chart:

9. Reynolds number correction factor F_, dimension- Press R/S
less

e) Calculate beta ratio (dimensionless) and nozzle bore

(inches).

f) If an even-sized nozzle bore is required, press C and
enter:
10. Required nozzle bore, inches Press R/S

g) Program calculates beta ratio (dimensionless) and new

flowrate (pounds per hour).

Notes:

1. The E subroutine is available to change data and recalculate.
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2. If the orifice plate material is not 316SS or 304SS, see Table of Equal

Thermal Expansion Temperatures for Various Orifice Plate Materials,
page 162.

3. See Program 16 for specific weight calculation.
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15172730.
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Program 13: Tl 59 Listing

SUBROUTINES
PRINT & STORE
VARIABLES

ooo Fe LEBEL

ood ig E°

TREN ai i

O02 44 SUH
oos 58 52

oas 73 RCE

Odes 58 85

aos 22 IHY

aos 53 INT

oos 52 EE
aio 22 INV

oi 52 EE
iz &7 EQ

ai i929 Io*

aig 85 +

ois 0s =
oie of 7

aiv 95 =
ois iv? EB

ois &3 CF

azo 21 21

021 v3 RC#

ozz 01 oi

azz 87 IFF
024 QQ oid

g25 Oo oo

O26 20 20

027 21 RAS

ozs 72 5ST

az29 oi 01
a30 72 RCs
01 oi oi
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Fa SUN 43 RCL 22 2:
55 + 02 az iv B®
43 KCL 35 = a2 WS
14 14 32 wT £1 GTO
=a 42 RCL 2% LHX

Program 13: HP 41CV Data Sheet

He ok be ok ok sk be sk ke kk ENTER CP/CY CALC MOZZLE
1.3320 hx BORE INS

FLOW NOZZLE ENTER DIFF RANGE INS H20 1.4589 i
GHS 189.8848 kk

ENTER PIPE ID INS He 3 3k 4 He He Ae oe of of ke sk
ck Sk of of sk oe ok ok ok ok ok 2.8678 x 1.8589

CRLC PRELIM
ENTER FLOW PPH BETA RATIO ENTER NOZZLE BORE INS

2.568. 08988 Ek A.5158 Ex 1.8389 kk
ENTER TEMP DEG F CRLC REYNOL CALC BEETAR

366.8999 *&% DS NO RATIO

ENTER PRSS PSIG 692,827.7620 *k% 8.4838 %
158. 8998 22 ENTER FC CALC FLOW

ENTER DENSITY PPCF 1.8115 Xk PPH
A, 3648 x CALC BETH 2,212.1225 x

ENTER YISCOSITY cP RATIO
8.8152 x 8.5123 3% Hc of He fe He ofc fe of He of: oe ok

 

Program 13: HP 41CV Register Loading

SIZE 080
R@A=
R81=
R@2=
R83=
RO4=
R85=
R@6=
RA7=
R88=
R89=
R18=
Rif=
Ri2=
R13=
R14=
R15=
R16=
R17=
R18=
R19=
R28=
R21=
R22=
R23=
R24=

R25=

9.020048
8.908328
0.600620
8.808800
1.800388
0.088808
0.080000
8.000009
8.890808
0.880004
9.600808
8.800008
9.000098
8.082089
8.880886
f.08008000
0.08808088
9. 8808808
f. 008000
8.088080
9.680004
9.600088
#.0680000
0.008009
9.620000
"NOZZLE"

R26= =  GRS®
R27= “FLOM -
R28= "PPH -
R29= =PRELIN"
R38= 0.880000
R31=  27.252609
R3I2= 57.272808
R33= 57.515208
R34= 57.535408
R35= 57.686104
R36= 57.686949
R37= 57.670800
R38= 57.626364
R39= 57.656688
R48= 0.000008
R41= 56.297871
R42= 56.767788
R43= 57.786009
R44= 0.000080
R45= 6.787168
Rd46= 56.257273
R47= 57.257273
R48= 0.080080
R49= 56.707180
RS8= 56.272808
RSi= "TEMP D*
RS2= "EG F -

R53= =PRSS P-
R54= =SIGC ~
R99= "*x#xx¥x-

R36= =CALC -
R97= “ENTER *
RS2= 50.000000
R59= 0.008800
R68= =DENSIT®
R61= =Y PPCF"
R62= “DIFF R"
R63= “ANGE I°
R64= "NS H20"

R65= “PIPE I*
R66= =D INS *
R67= “CP/CY -
R68= =YISC05"
R69= “ITY cP"
R78= “BETA *

R71= “RATIO -
R72= * BORE -
R73= "INS ~
R74= 9.000080

R75= @.h66000
R76= =REYNOL"
R77= “DS HO °
R78= °FC *
R79= 9.000060
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SUBROUTINES

B1eLBL “FN GAS®
82 GTO A

PRINT LINE OF
STARS

83+LBL a
84 FC? 55
85 RTN
86 55.55
67 ADY
#8 SF 12
69 XEQ b
18 ADY
11 RIN

PRINT LINES

12¢L8L d
13 SF 12
14 1
15 ST+ 58
16 RCL IND 58
17¢4LBL b
18 S70 59
19 CLR
264LBL ¢
21 ARCL IND 59
22 RCL 59
23 FRC
24 100
25
26 ST0 59
27 X80?
28 GT0 ¢
29 FC? 55
38 GTO 01
31 PRA
32 CF 12
33 RTN
34¢LBL 01
35 CF 12
36 AVIEN
37 RTH

PRINT & STORE
VARIABLES

J8eLBL e
391
40 ST+ S58
41 RCL IND S58
42 X=9?
43 GTO 4
44 XEQ b
$1
46 ST+ 81
47 RCL IND 81
48 TONE 9
49 FS? 00

58 GTO 81
51 STOP
52 STO IND 81
53.5
54 STO 13
55 RCL IND 01
S6¢LBL 81
57 Xeq J
58 GTO e

RE-ENTER
VARIABLES

S94LBL “REENTER"
68 ADY
61 1
62 +
63 STO 81
64 RCL IND 01
65 XEQ J
66 STOP
67 XEQ J
68 STO IND 01
69 ADY
78 SF 88
71 SF 82
72 STOP
73 GTO 82

BYPASS PRINTER

74¢LBL J
75 FC? 55
76 GTO 81
77 PRX
78 RTN
79+LBL 81
88 VIEW X
81 RIN

ITERATE FOR 8

82e¢LBL B
83 XEQ G
84 RCL 14
85 -
86 RCL 13
87 PSE
88 3
89 Yt
98 4
91 =
92 SORT
93 /
94 .49
95 =
96 ST- 13
97 ABS

98 .@0001
99 ROY
{ee Xv?
181 G70 B
1682 RTH

CALC S

183+LBL G
184 RCL 13
165 4
186 YX
187 ENTER?
188 CHS
189 1
118 +
1 7
112 SORT
113 .98
114 =
115 RTH

CALCY

116+4LBL D
117 RCL 13
118 4
119 YX
128 .35
121 »
122 .41
123 +
124 RCL 88
129 =
126 55.4
127 7
128 RCL 87
129 /
138 RCL 04
131 15
132 +
133 #
134 CHS
135 1
136 +
137 RTN

MAIN PROGRAM

ENTER DATA

138¢LBL A
139 1
148 STO 81
141 30
142 STO 58
143 XEQ &
144 XEQ d
145 XEQ a



146 XEQ e
147 CF @2

CALC S

148¢LBL 82
149 9
158 STO oi
151 41
152 S70 58
153 RCL 82
154 358.5
155 RCL 83
156 .887
157 +
158 +
159 7
168 RCL 89
161 Xt2
162 /
163 RCL 85
164 RCL 08
165 *
166 SORT
167 7
168 STO 14
169 STO 15

CALC PRELIM 8

170 XEQ B
171 XEQ 1
172 ST/ 14
173 XEQ B
174 XEQ D
175 17%

176 RCL 19
177 »

Gas or Vapor Flow—FlowNozzle and Venturi 159

178 STO 14
179 XEQ B
180 RCL 13
181 Xe@ J

CALC R,

182 XEQ d
183 4.42

184 RCL 92

185 #
186 RCL 13
187 7

188 RCL 86
189 /
198 RCL 99

191 /
192 XEQ J

ENTER F

193 XEQ ¢

Cc

CALC B
194 RCL 16
195 S77 14
196 XE B
197 RCL 13
198 Xe@ J

CALC d

199 XEQ d
208 RCL 13
281 RCL 99
282 *
283 ST0 19
284 GTD 1

ENTER REQD
NOZZLE

285¢LBL “EVEN 52°
206 190
287 ST0 81
288 46
289 STO 58
210 XEQ «

CALC B
211 RCL 11
212 RCL 89
213 7
214 S70 13
215 Xea J

CALC FLOW

216 XE@ d
217 XE@ 6
218 RCL 14
219 /
228 RCL 82
221 +
222 §T0 19
223+LBL 1
224 Xea J
225 FS? 82
226 STOP
227 XEQ 3
228 CF 08
229 RCL 19
230 VIEW ¥
231 BEEP
232 ADV
233 STOP
234 END.

 

Program 13: Sequence of Calculations

1. Calculate S factor.

S = —
D? (358.5 + .007T,) Vy,h,

2. Iterate to find the uncorrected beta ratio, 3.

Ww
m
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10.

Flow Elements

Let

fx = 98 B° .—S
1-8

and

flx = 49V/4p?

Start with B = 0.5 and calculate fx/f'x. If greater than 0.00001, sub-
tract fx/f'x from current value of B and repeat until the error is less

than 0.00001.

. Calculate the expansion factor.

(41 + 358%),
55.4kP,

Y=1

. Divide S by Y.

. Repeat step 2 to find the corrected beta ratio.

. Calculate Reynolds number.

_442W,

BD wp,

Divide S by F..

 
D

. Repeat step 2.

. Calculate bore.

d = B D inches

Calculate flowrate for an even-sized bore.

_4
P=2

Calculate S using equation in step 2.

new § .
new flow = ———— X original flow, pounds per hour

original §
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Program 13: Nomenclature

D Inside diameter of pipe, inches

d Bore diameter of primary device, inches

F. Reynolds number correction, dimensionless

h, Maximum differential or range of differential gauge, inches of water,

dry calibrated

k Ratio of specific heats C,/C,, dimensionless

P, Flowing pressure, PSIA

S Beta ratio index for d/D, dimensionless

T; Flowing temperature, °F

WW, Maximum rate of flow, pounds per hour

Y Expansion factor, dimensionless

B Diameter ratio d/D, dimensionless
Y, Specific weight at flowing conditions, pounds per cubic foot

R., Absolute viscosity, centipoises

References

L. K. Spink, The Principles and Practice of Flowmeter Engineering, The

Foxboro Company.
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Typical Data

Table of Equal Thermal Expansion Temperatures °F
for Various Orifice Plate Materials
 

 

 

 

 

 

Type 316
or Alu- Type 2% 5%

Type 304 minum Copper 430 CRMO CRMO Bronze Steel Monel

—298 -360

-230 -378 -273

-325 -178 —266 -216

-226 —131 —-194 -163 —-281

-152 —-85 -132 -111 -191

-86 -41 -72 -60 -108
-24 +3 -15 -8 -33
+38 +47 +42 +24 +28 +27 +43 +31 +38
+101 +91 +99 +112 +108 +110 +95 +106 +104

+158 +202 +184 +191 +149 +181 +168

213 290 260 272 200 254 230

266 374 331 352 249 324 290

318 456 400 426 297 392 348

367 531 468 493 345 457 405

414 604 534 560 393 520 461

463 677 597 628 440 542 516

512 749 660 696 644 571

560 817 720 763 705 626

607 884 780 827 765 680

655 952 842 888 823 733

703 1020 899 948 879 785

750 1087 956 1009 934 835

796 1155 1011 1071 988 886

840 1223 1065 1133 1041 935
 

The program is written for 316SS and 304SS. If another material is used, move down the
scale for the selected material, then across (left) to the equivalent 316SS/304SS temperature.

Enter this value. For example, if the material selected for orifice plate was Monel, with a

flow temperature of 405°F, enter 367°F. (The temperature is only entered in the program for
orifice plate thermal expansion. It does not affect any other calculation.)
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Physical Properties
 

 

 

 

 

 

 

 

 

Gas Liquid

k* Water = 1 Sp. Gr. @
Cc,/C, Sp. Gr °F

Acetaldehyde 1.14 .783 64

Acetic Acid 1.15 1.049 68

Acetone — 791 66

Acetylene 1.26 — —

Air 1.40 — —

Ammonia 1.33 .817 -110

Argon 1.67 1.65 —387

Benzene 1.12 .879 68

Butadiene 1.3 1.12 .621 68

Butane { n- 1.094 .579 68

iso- 1.094 .557 68

Carbon Dioxide 1.30 1.101 -35

Carbon Disulfide 1.21 1.263 68

Carbon Monoxide 1.40 .814 -318

Chlorine 1.36 1.56 -29

Cyclohexane 1.09 779 68

n-Decane 1.03 .734 60

Dowtherm A 1.046 .997 212

Dowtherm E — 1.181 212

Ethane 1.22 .546 -126

Ethyl Alcohol 1.13 .789 68

Ethyl Chloride 1.19 .903 50

Ethylene (Ethene) 1.26 .566 -152

Freon 11 1.14 1.494 63

Freon 12 1.14 1.486 -22

Freon 22 1.18 1.419 —-42

Freon 114 1.09 1.538 30

Gasoline — JTS** 68

Helium 1.66 en —_—

n-Hexane 1.06 .659 68

Hydrogen Chloride 1.41 — —_—

Hydrogen 1.41 .0709 —423
Hydrogen Sulfide 1.32 — —
Kerosene — .815%** 60

Methane 1.31 415 -263

Methyl Alcohol 1.20 .792 68

Methyl Butane 1.08 .625 60

Methyl Chloride 1.20 .952 32

Natural Gas 1.27 — —

Nitric Acid (HNO,) — 1.502 60

Nitric Oxide 1.40 1.269 -239

Nitrogen 1.40 1.026 —422
 

*Values at 14.7 pounds per square inch, absolute and 60°F.
**Typical value. (table continued on next page)
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Physical Properties (continued)
 

 

 

 

 

Gas Liquid

k* Water = 1 Sp. Gr. @

c./C, Sp. Gr °F

Nitrous Oxide 1.30 1.226 —128

Nonane 1.04 718 68

n-Octane 1.05 .707 68

Oils

Fuel, Bunker C — 1.014 60

Fuel, No. 3 — .899 60

Fuel, No. 5 & 6 — .993 60

Lube — 910 60

Mineral _ 910 60

Oxygen 1.40 1.426 —422
n-Pentane 1.07 .631 60

Propane 1.13 .585 —49
Propylene 1.15 .609 —53

Steam 1.324 1.00 39

Styrene 1.07 .906 68

Sulfur Dioxide 1.29 1.434 32

Sulfuric Acid — 1.834 60

Toluene 1.09 .866 68
 

*Values at 14.7 pounds per square inch, absolute and 60°F.
**Typical value.
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Pipe Data*

Identification

Nom- Out- Steel Stain- Wall Inside

inal side St jess Thick- Diam-
Pipe Diam- Iron Steel ness eter

Size, eter, Pipe Sched. Sched. (t) (D)

Inches Inches Size No. No. Inches Inches

— — 10S .049 .307

Ls 0.405 STD 40 408 .068 .269

XS 80 80S .095 215

— — 10S .065 410

Ly 0.540 STD 40 40S .088 .364

XS 80S 80S .119 .302

— — 10S .065 .545

3% 0.675 STD 40 408 .091 .493
XS 80 80S .126 .423

— — 5S .065 .710

re — 10S .083 .674

STD 40 408 .109 .622
1

A 0.840 oq 80 80S 147.546
— 160 — .187 .466

XXS — — .294 .252

— — 5S .065 .920

— —_— 10S .083 .884

STD 40 408 .113 .824
3

A 1305 xg 80 80S 154 742
— 160 — .219 612

XXS me — .308 .434

_ _ 5S .065 1.185

—_ — 10S .109 1.097

1 1.315 STD 40 408 .133 1.049

’ XS 80 80S .179 .957

— 160 — .250 .815

XXS — — .358 .599

—_ — 5S .065 1.530

— — 10S .109 1.442

STD 40 40S .140 1.380
1

4 1.660 yg 80 80S .191 1.278
—_— 160 —_ .250 1.160

XXS — — .382 .896

— — 5S .065 1.770

— ee 10S .109 1.682

1% 1.900 STD 40 40S .154 1.610

XS 80 80S .200 1.500

*Identification, wall thickness, and weights are extracted from ANSI B36 19. The notations

STD, XS, and XXS indicate standard,extra strong, and double extra strong pipe, respectively.

(Table continued on next page)
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Pipe Data* (continued)
 

Identification

 

 

 

 

 

 

 

Nom- Out- Stain- Wall Inside

inal side Steel eggs Thick- Diam-
Pipe Diam- Iron Steel ness eter

Size, eter, Pipe Sched. Sched. it), (D)
Inches Inches Size No. No. Inches Inches

_ 160 —_ 218 1.338
XXs — — 400 1.100

— — 5s 065 2.245
— — 10S 109 2.157
STD 40 40S 154 2.067

2 2315 xg 80 80S 218 1.939
— 160 — 344 1.687
XXs  — — 436 1.503

— — 5S 083 2.709
— _ 10S 120 2.635
STD 40 40S 203 1.469

1

2h 2875 xg 80 80S 276 2.323
— 160 — 375 2.125
XXs — — 552 1.771

_ —_ 5S 083 3.334
— — 10S 120 3.260
STD 40 40S 216 3.068

3 3.500 xg 80 80S 300 2.900
— 160 — 438 2.624
XXs — — 600 2.300

— — 5S 083 3.834
_ _ 10S 120 3.760

1

I 408 226 3.548
XS 80 80S 318 3.364

— — 5S 083 4.334
— — 10S 120 4.260
STD 40 40S 237 4.026

4 4500 XS 80 80S 337 3.826
— 120 _ 438 3.624
— 160 — 531 3.438
XXs — — 674 3.152

_ — 5S 109 5.345
— — 10S 134 5.295

40 40S 258 5.047
5 5563 XS 80 80S 375 4.813

— 120 — 500 4.563
— 160 — 625 4.313
XXS — — 750 4.063
 

*Identification, wall thickness, and weights are extracted from ANSI B36 19. The notations

STD, XS, and XXSindicate standard, extra strong, and double extra strong pipe, respectively.
(Table continued on next page)
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Pipe Data* (continued)
 

Identification

 

 

 

 

Nom- Out- Steel Stain- Wall Inside

inal side —_— less Thick- Diam-

Pipe Diam- Iron Steel ness eter

Size, eter, Pipe Sched. Sched. (t), (D)
Inches Inches Size No. No. Inches Inches

— — 5S .109 6.407

— — 10S .134 6.357

STD 40 40S .280 6.065
6 6.625 XS 80 80S 432 5.761

— 120 me .562 5.501

— 160 — .719 5.187

XXS —_— — .864 4.897

— — 58 .109 8.407

— — 10S .148 8.329

— 20 — .250 8.125

— 30 re 277 8.071

STD 40 40S .322 7.981

—_ 60 —_ .406 7.813

8 8.625 XS 80 80S .500 7.625

— 100 — .594 7.437

— 120 — 719 7.187

— 140 — .812 7.001

XXS — — .875 6.875

— 160 — .906 6.813

— —_ 5S .134 10.482

ren — 10S .165 10.420

en 20 — .250 10.250

— 30 — .307 10.136

STD 40 40S .365 10.020

10 10.750 XS 60 80S .500 9.750

— 80 — .594 9.562

— 100 — .719 9.312

—_— 120 — .844 9.062

XXS 140 — 1.000 8.750

— 160 — 1.125 8.500

— — 5S .156 12.438

— — 10S .180 12.390

— 20 — .250 12.250

— 30 — .330 12.090

STD — 40S .375 12.000

_ 40 — .406 11.938

12 12.75 XS — 80S .500 11.750

— 60 — .562 11.626

_ 80 — .688 11.374

— 100 — .844 11.062

*Identification, wall thickness, and weights are extracted from ANSI B36 19. The notations

STD, XS, and XXSindicate standard, extra strong, and double extra strong pipe, respectively.

(Table continued on next page)
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Pipe Data* (continued)
 

 

 

 

 

Identification

Nom- Out- Stain- Wall Inside
inal side St jess  Thick- Diam-
Pipe Diam- Iron Steel ness eter
Size, eter, Pipe Sched. Sched. (t) (D)
Inches Inches Size No. No. Inches Inches

XXS 120 — 1.000 10.750

— 140 — 1.125 10.500

— 160 — 1.312 10.126

— — 5S .156 13.688

— — 10S .188 13.624

— 10 — .250 13.500

— 20 — 312 13.376

STD 30 — .375 13.250

—_ 40 — .438 13.124

14 14.00 XS — — .500 13.000

— 60 — .594 12.812

— 80 — .750 12.500

— 100 — .938 12.124

— 120 — 1.094 11.812

— 140 — 1.250 11.500

— 160 — 1.406 11.188

— — 58 .165 15.670

— — 10S .188 15.624

— 10 — .250 15.500

— 20 — 312 15.376

STD 30 — .375 15.250

XS 40 — .500 15.000

16 16.00 — 60 — .656 14.688

— 80 — .844 14.312

100 — 1.031 13.938

— 120 — 1.219 13.562

— 140 — 1.438 13.124

—_ 160 — 1.594 12.812

_ — 5S .165 17.670

— — 10S .188 17.624

— 10 — .250 17.500

— 20 — 312 17.376

STD — _— .375 17.250

— 30 — .438 17.124

XS — — .500 17.000

18 18.00 — 40 — .562 16.876

— 60 — .750 16.500

— 80 — .938 16.124

— 100 — 1.156 15.688

*Identification, wall thickness, and weights are extracted from ANSI B36 19. The notations
STD, XS, and XXS indicate standard, extra strong, and double extra strong pipe, respectively.
(Table continued on next page)
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Pipe Data* (continued)
 

Identification

 

 

 

 

Nom- Out- Stain- Wall Inside

inal side Steel less Thick- Diam-

Pipe Diam- Iron Steel ness eter
Size, eter, Pipe Sched. Sched. (t) (D)
Inches Inches Size No. No. Inches Inches

— 120 —_ 1.375 15.250

— 140 — 1.562 14.876

— 160 — 1.781 14.438

— — 5S .188 19.624

— — 10S .218 19.564

— 10 re .250 19.500

STD 20 — .375 19.250

XS 30 — .500 19.000

— 40 — .594 18.812

20 20.00 — 60 — 812 18.376

— 80 — 1.031 17.938

— 100 — 1.281 17.438

— 120 — 1.500 17.000

— 140 — 1.750 16.500

ee 160 — 1.969 16.062

—_ —_ 58 .188 21.624

—_ 10 10S 218 21.564

— 20 — .250 21.500

STD 30 — .375 21.250

XS 40 — .500 21.000

22 22.00 60 _ 875 20.250
— 80 — 1.125 19.75

— 100 — 1.375 19.25

— 120 — 1.625 18.75

— 140 — 1.875 18.25

— 160 — 2.125 17.75

—_ ee 5S 218 23.564

— 10 10S .250 23.500

STD 20 — .375 23.250

XS — — .500 23.000

— 30 — .562 22.876

_ 40 — .688 22.624

24 24.00 60 — 969 22.062
— 80 — 1.219 21.562

— 100 — 1.531 20.938

— 120 — 1.812 20.376

_ 140 —_ 2.062 19.876

_ 160 — 2.344 19.312
 

169

*[dentification, wall thickness, and weights are extracted from ANSI B36 19. The notations
STD, XS, and XXS indicate standard, extra strong, and double extra strong pipe, respectively.

(Table continued on next page)
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Pipe Data* (continued)
 

 

 

 

 

 

Identification

Nom- Out- Stain- Wall Inside
inal side St ess  Thick- Diam-
Pipe Diam- Iron Steel ness eter

Size, eter, Pipe Sched. Sched. (t) (D)
Inches Inches Size No. No. inches Inches

— 10 — 312 25.376

26 26.00 STD — — .375 25.250

XS 20 — .500 25.000

— 10 — 312 27.376

STD — — .375 27.250

» 2800 xg 20 — 500 27.000
— 30 — .625 26.750

— — 58 .250 29.500

— 10 10S 312 29.376

30 30.00 STD — — .375 29.250

XS 20 — .500 29.000

— 30 — .625 28.750

— 10 —_ 312 31.376

STD — — .375 31.250

32 32.00 XS 20 — .500 31.000

— 30 — .625 30.750

— 40 — .688 30.624

— 10 — .344 33.312

STD — — .375 33.250

34 34.00 XS 20 — .500 33.000

— 30 — .625 32.750

— 40 — .688 32.624

— 10 _— 312 35.376

STD — —_— .375 35.250

36 36.00 XS 20 — .500 35.000

— 30 en .625 34.750

— 40 rm .750 34.500
 

*Identification, wall thickness, and weights are extracted from ANSI B36 19. The notations STD, XS,

and XXS indicate standard, extra strong, and double extra strong pipe, respectively.
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Viscosity Corrections for Concentric Orifices

 
10 20 50 100 200 500 1,000 2,000 5,000 10,000

Ro/Fc

(Reprinted from Principles andPractice ofFlow Meter Engineering, by L.P. Spink, The Foxboro Co.)
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Viscosity Corrections for Flow Nozzles (Taps at 1D and 12D)

Flow Nozzles
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(Reprinted from Principles andPractice ofFlowMeter Engineering, by L.P. Spink, The Foxboro Co.)
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Reynolds Number Corrections for Flow Nozzles (Taps at 1D and 12D)

Flow Nozzles

1.02

1.01

1.00

.99

.98 97
10 20 30 40 60 80100 200 400 600 1 2 4 6 10

x 1,000 Reynolds Number, Rp x 1,000,000

(Reprinted from Principles and Practice ofFlow Meter Engineering, by L.P. Spink, The Foxboro Co.)
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Reynolds Number Corrections for Venturi Tubes

Venturi Tubes

1.01

1.00

.99

 

.98
0 100 200 300 400

x 1,000 Reynolds Number, Rp

(Reprinted from Principles and Practice ofFlowMeter Engineering, by L.P. Spink, The Foxboro Co.)



CHAPTER FIVE

Restriction Orifices
 

Program 14 Liquid Flow

Program 15 Gas or Vapor Flow

 

Restriction orifices regulate noncritical flows such as purges. The larger

ones (four inches) are mounted between flanges, and the small ones (one

inch) in a restriction orifice union.

The liquid calculation is based on the orifice sizing procedure, with an

adjustment for pressure recovery. The gas calculation assumes sonic flow,

1.e. discharge pressure less than half the absolute. inlet pressure. If that is

not the case, use the gas orifice calculation, Program 10.

 

Program 14
Liquid Flow
 

Program 14: User Instructions

To calculate bore, press A.

a) Enter:

1. Pipe inside diameter, inches

2. Specific gravity at flow temperature, dimensionless

3. Flow temperature, °F

4. Flowrate, pounds per hour

5. Pressure drop across orifice, PSI

b) Program calculates orifice bore, inches.

To calculate flowrate, press B.

a) Enter:

1. Pipe inside diameter, inches

2. Specific gravity at flow temperature, dimensionless

3. Flow temperature, °F

175

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S
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4. Pressure drop across orifice, PSI Press R/S

5. Orifice bore, inches Press R/S
b) Program calculates flowrate, pounds per hour.

To calculate pressure drop, press C.

a) Enter:
. Pipe inside diameter, inches Press R/S

. Specific gravity at flow temperature, dimensionless Press R/S

. Flow temperature, °F Press R/S

. Flowrate, pounds per hour Press R/S

. Orifice bore, inches Press R/S
b) Program calculates pressure drop, PSI.

W
n
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N
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Program 14: Tl 59 Data Sheet

A ENTER FLOW TEMP °F
sLIg=*L Ig Tas 10x me mo ILig=sLigs=ligx=L 1d ENTER PRSZ DROP PSIG

RESTRICTH ORIFICE ENTER ORIF BORE IHS
CHLC BORE 0, $5263

CALC FLOW RATE PPH
EHMTER FIFE I.D. IHS 23833. FFT

4, O26
EHTER ZSFEC GRAVITY IQsigsIgs+IG

1.12

ENTER FLOW TEMF oF
10. c

ENTER FLOW RATE FP ]
FLDRHE FFH spi=lassIgIn

ENTER FRSS DROP PSIG
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Program 14 : TI 59 Listing
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Program 14: HP 41CV Data Sheet

He 2c He ae fe fe fe ok Ae ok ok ok

*RO LIGUID*
*CALC BORE=*

oe oe of Ac ok de 3k dk Ie oe ok sk

ENTER PIPE ID INS
4.826 $32

ENTER SG
1.128 #x

ENTER TEMP DEG F
100.000 sa»

ENTER FLOW PPH
23,700.000 xx

ENTER dP PSI
150.000 sxx

CALC ORIFICE
BORE INS

8.453 2%

3c af 2k He He Ak of fe df se ek

ah 3c 3c oc oe of she she ofc ok ok ok

*RO LIQUID*
*CALC FLOW*

3c 2 2c 3 oe fc ofc of de oe oe oe

ENTER PIPE ID INS
4.826 =i

ENTER SG
1.120 [2



ENTER TEMP DEG F

189.6890 3
ENTER dP PSI

156.009 2s

ENTER ORIFICE BORE INS
8.453 5%

CALC FLOW
PPH

23,708.089 3x

He 3k 3 of oc He He Ae of ok Hk dk

He 3k > she ok he He oe he ak ok fe

*RO LIQUID*
*CALC dP PSI

hc 3c sh ke ofc he He ok ok ok ok of

ENTER PIPE ID INS

4.826 32
ENTER SG

1.126 #3»

Liquid Flow 181

ENTER TEMP DEG F

100.800 s&s
ENTER FLON PPH

23,700.000 x
ENTER ORIFICE BORE INS

8.453 2

CALC dP PSI
156.000 sas

ok 2 He sfc oe se Hc de fe ke dk ok

 

Program 14: HP 41CV Register Loading

SIZE 080

R98= 9.080808
Re1= 9.008008
R82= 9.030888
R93= 9.088000
R84= 9.008004
R85= 9.882808
Re6= 0.088899
R87= 0.880080
RA8= 9.880888
R89= 0.08008808
Rif= 8.088808
Ri1= 0.088888
R12= 0.0800880
R13= 9.080809
R14= 9.880000
R15= 0.000006
R16= 0.040808
R17= 0.698600
R18= ©.680808
R19= 8.08008808
R20= 9.808408
R21= 0.000000
R22= 8.8908808
R23= 0.009080
R24= 0.000008
R25= "sRO LI"

R26= -QUIDs *
R27= “BORE*
R28= -FLOW® *
R29= -dP PSI®
R38= 25.266729
R31=  57.686900
R32=  57.500808
R33= 57.515208
R34= 9.800000
R35= 57.535408
R36= 57.290086
R37= 0.800064
R38= 76.717262
R39= 57.299808
R48= 57.686162
R41= 0.000008
R42=  56.535488
R43=  57.535400
R44= 9.000800
R43= 57.686162
R46= 0.000080
R47= 56.290880
R43= 9.060000
R49= 9.000000
RS@= SG  *
RS1= “TEMP D°
R52= “EG F ©
RS3= “FLOW

R54= "PPH =
R55= “sassss-

RS6= CALC *
R57= “ENTER *
R58= 47.000000
R39= 9.900809
R68= “ORIFIC"
R61= °E BORE"
R62= = INS *
R63= 0.000008
R64= 0.600000
R65= 0.000000

= 0.000008
R67= “sCALC °
R68= “PIPE I*
R69= =D INS *
R78= “CALC 0°
R71= “RIFICE"
R72= * BORE *
R73= 0.008608
R74= 0.000000
R75= 0.800000
R76= 0.060000
R77= 0.080800
R78= 0.000000
R79= 0.000000

 

Program 14: HP 41CV Listing

SUBROUTINES

B1eLBL “RO LIAD*
82 GT0 A

PRINT LINE OF
STARS

83¢LBL a
84 FC? 55
85 RTN
86 55.55

87 ADY
88 SF 12
89 XEQ b
18 ADY
11 RTH

PRINT LINES

12¢LBL d
13 SF 12
14 1

15 ST+ 58

16 RCL IND 58
17¢LBL b
18 STO 59
19 CLR
204LBL ¢
21 ARCL IND 59

22 RCL 59
23 FRC
24 199
25 #

26 STO 99



182

27 X#0?
28 GTO ¢

29 FC? 55
38 GTO 81
31 PRA
32 CF 12
33 RTN
34¢LBL 01
35 CF 12
36 AVIEW
37 RIN

PRINT & STORE
VARIABLES

384LBL e
391
48 ST+ 58
41 RCL IND 58
42 X=0?
43 RIN
44 XEQ b
451
46 ST+ 61
47 RCL IND 81
48 TONE 9
49 FS? 08
58 GTO 81
51 STOP
52 STO IND 81
93eLBL 61
54 XE@ J
59 GTO e

RE-ENTER
VARIABLES

564LBL "REENTER"
57 ADY
58 1
99 +
68 STO 81
61 4
62 ROY
63 X(=Y?
64 GTO 01
65 FS? 82
66 GTO 82
67 FC? 83
68 GTO 81
69 RCL 61
765
71 X=Y?
72 GTO 81
73eLBL 82
74 1
75 ST+ 81
76¢LBL 81
77 RCL IND 01
78 Xe@ J
79 STOP
89 ¥ea J

Restriction Orifices

81 STO IND €1
82 RADY
83 SF 00
84 STOP
85 FS? 81
86 GTO "AR"
87 FS? 82
88 GTO B
89 FS? 03
90 GTO C

BYPASS PRINTER

91eLBL J
92 FC? 55
93 GTO 01
94 PRX
95 RTH
96¢LBL 81
97 VIEW X
98 RTN

COMMONCALC

99¢L8L F
108 RCL 84
181 68
102 -
183 .@8082
164 *
165 1
186 +
167 14929
168
169 RCL 02
118 212
111 =
112 RCL 83
113 SRT
114 »
115 RIN

CALC ¢

116eLBL G
117 .85
118 RCL 99
119 X{=y?
126 GTO 61
121 .4
122 RCL 89
123 X{=Y?
124 GT0 82
125 .7
126 RCL 09
127 X¢(=Y?
128 GTO 83
129 @
130 1/X%
131eLBL 81
132 .494
133 veX

134 1.256
135 *
136 RTN
137¢LBL 82
138 .4087
139 YX
149 .968
141 »

142 RIN
143¢LBL 83
144 .144
145 YX
146 .76
147
148 RTN

CALC B
149¢LBL H
150 .285
151 RCL 98
152 X(=Y?
153 GTO 81
154 .666
155 RCL 68
156 X(=Y?
157 GT0 82
158 .72
159 RCL 08
168 X(=Y?
161 GTO 83
162 8
163 1/X
164¢LBL 81
165 1.256
166 7
167 .494
168 17%
169 YX
178 RIN
171¢LBL 02
172 .968
173 7
174 .407
175 1%
176 1%
177 RIN
178¢LBL 83
179 .76
180 /
181 .144

182 17%
183 YX
184 RIN

COMMON ENTRIES

185¢LBL 1
186 1



187 STO 81
188 29
189 S70 958
199 XEQ a
191 Xe@ d
192 XEQ a
193 XEQ e
194 RTN

MAIN PROGRAM
TO CALC BORE

195¢LBL A

{95 FS? 8A

197 GTO 61
198 CF 82

199 CF 83
2088¢LBL 01
281 FS? 82

282 GTO “FLON="
283 FS? 83
284 GTO -PRESS="
285 SF e1
286 29.266727

287 STO 39
288 XEQ I

289 XEQ e
210 XEQ d
211 CF 08
212¢LBL "AA"
213 RCL BS

214 XEQ F

215 7
216 RCL 86

217 SORT
218 /
219 STO 89
228 XE@ G
221 RCL 82
222 *
223 STO #7

224 GTO D

CALC FLOW

225¢LBL “FLON="
226 FS? BR
227 GTO 81
228 CF a1
229 CF a3
238+LBL 81
231 FS? 81
232 GTO A
233 FS? 83
234 GTQ -dP="
235 SF A2
236 25.266728
237 STO 38
238 XEQ 1
239 1
248 ST+ 81
241 38
242 STO 5%
243 XEQ
244 XEQ d
245 CF aa
246¢LBL B
247 RCL 07
248 RCL #2
249 /
258 STO 3
251 XEQ H
252 XQ F
253 «=
254 RCL #6
255 SORT
256 *
257 ST0 85
258 GTO D

CALC dP

239¢LBL -dP="
268 FS? 88
261 GTO 81
262 CF 01

Liquid Flow 183

263 CF 02
2644LBL 01
265 FS? 81
266 GTO A
267 FS? 82
268 GTO “FLON="
269 SF 83
278 25.266729
271 STO 36
272 XEQ 1
273 42
274 STO 58
275 XEQ ¢
276 1
277 ST+ 81
278 XEQ e
279 XEQ d
280 CF 99
281eLBL C
282 RCL 87
283 RCL 82
284 /
285 STO 88
286 XEQ H
287 XEQ F
288 *
289 1%

298 RCL 85
291 *
292 Xt2
293 STO #6
294¢LBL D

295 STO 09
296 XEQ J
297 FS? #8
298 STOP
299 XEQ a
388 RCL 89
301 VIEW X
3062 BEEP
383 ADY
304 STOP
385 END

 

Program 14: Sequence of Calculations

To calculate bore.

1. Calculate o¢:

¢
Ww
m
 

© 14,920 (1 + .00002 (T, — 68))D> \/G, AP
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When ¢ is less than .05:

B = 1.256 &**

When ¢ is less than .4 and greater than .05:

B = .968 &*”

When ¢ is less than .7 and greater than .4:

B=.76

If ¢ is greater than .7, an error exists.

2. Calculate orifice bore.

d = B D inches

To calculate flow or pressure drop.

1. When 8 is less than .285:

1/.494

_B
¢ 1.256

When B is less than .666 and greater than .285:

_ B 1/.407

.968

When f is less than .72 and greater than .666:

’ _ Be

.76

If B is greater than .72, an error exists.

2. Flow W, = 14,920 D? ¢ VG,AP (1 — .00002 (T; — 68)) pounds per
hour

Ww
m

2

pressure drop = — PSI
14,920 D* ¢ VG, (1 — .00002(T, — 68))

Program 14: Nomenclature

D Inside diameter of pipe, inches

d Bore of restriction orifice, inches

G, Specific gravity of the liquid at flowing temperature, dimensionless
AP Pressure drop across orifice, PSI
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T, Flowing temperature, °F
W,. Maximum rate of flow, pounds per hour

B Diameter ratio, dimensionless

¢ Index for B

Program 15
Gas or Vapor Flow
 

Program 15: User Instructions

To calculate bore, press A.

a) Enter:

1.

2.

3.

4.

5.

Pipe inside diameter, inches

Specific weight, pounds per cubic foot

Flow temperature, °F

Flowrate, pounds per hour

Inlet pressure, PSIG

b) Program calculates orifice bore, inches.

To calculate flowrate, press B.

a) Enter:

1.
2.
3.
4.
5.

Pipe inside diameter, inches

Specific weight, pounds per cubic foot

Flow temperature, °F
Inlet pressure, PSIG

Orifice bore, inches

b) Program calculates flowrate, pounds per hour.

To calculate inlet pressure, press C.

a) Enter:

1.

2.

Pipe inside diameter, inches

Specific weight, pounds per cubic foot

3. Flow temperature, °F
4. Flowrate, pounds per hour

5. Orifice bore, inches

b) Program calculates inlet pressure, PSIG.

Note: See Program 16 for specific weight calculation.

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S
Press R/S

Press R/S

Press R/S

Press R/S
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Program 15: Tl 59 Data Sheet

*GAS**GASGAS+GAS* EHTEE IHLT FESS PSIG
14.

RESTRICTH ORIFICE ENTER aRIfCORE IHS
CALC BORE CALC FLOW RATE FFH

160, 0255506
ENTER FIFE I.D. IHS

ENTER SPEC WGHT PROF EEREERRARESEREESLALY
0. 21

ENTER FLOW TEWP  ¢F

EMTER FLOW BATE FPH
160. GAS*CAS**GAS *GAS*

EHTER IHLT PRSS PSIG
14, EETETETH (RTETE

CALC DORIF BORE INS RESTRL-IM DRIFICE
. 2039752147 - UT

FLAS*GASGAS*GaT: ENTER Pipe z: I. INS

FLASE0ASEsCASE50ASE ENTER SPERWEHT FFLF

ENTER FLOW TEMP oF
RESTRICTH ORIFICE 7a.

CALC FLOW ENTER FLOW RATE FEH
160.

EXTER FIFE I. TI. IHS EHTER ORIF BORE IHS

1.5 oo 0, 304 _ Lo

EHTER SFEC WGHT FRCF LALE INLTPRZEZ PEI
i. 21 13. SY i iE

EMTER FLOW TEHMF “F
fila *GAS**GAS+=GHS*GHS

 

Program 15: Tl 59 Register Loading

PARTITIONING
479.59
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0 11 26
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Program 15: Tl 59 Listing
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(Program 15: HP 41CV Data Sheet on next page)
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Program 15: HP 41CV Data Sheet

ak ofc of 3 of of fc of oe oe of ke

*RO GRS*
*CALC BORE=*

He 3c 3c Ae Ak of ofc He He Ak ok oe

ENTER PIPE ID INS
1.5640 >

ENTER DENSITY PPCF
8.218 3k

ENTER TEMP DEG F
78.000 xx

ENTER FLOW PPH
160.000 x

ENTER INLET PRSS PSIG
14.000 EE

CALC ORIFICE
BORE INS

2 3k 3 fe fe of He Ae ofc of de ok

*RO GRASx*
*CRALC FLOWx*

he 3c ofc fc Ae 3c fe ofc Je fe He Hc

ENTER PIPE ID INS
1.500 "s

ENTER DENSITY PPCF
0.210 ss»

ENTER TEMP DEG F
78.008 sxx

ENTER INLET PRSS PSIG
14.000 x

ENTER ORIFICE BORE INS
0.303 ss

CALC FLOW
PPH

3c fe fc 3c oc oc ofc dhe ofc ok dk kk

*RO GRS*
*CALC PRSS#*

akc oc ok fc ah 0 ofc kc fe oc oe oe

ENTER PIPE ID INS
1.568 5s

ENTER DENSITY PPCF
8.218 sx»

ENTER TEMP DEG F
78.000 3s

ENTER FLON PPH
160.800 sas

ENTER ORIFICE BORE INS
8.383 sax

CALC INLET
PRSS PSIG

 

0.303 sex 160.000 sss 14.000 s+

3c 3k ade of sf of 3k Hk Hk ok kok 3 fe ake ake se 3k ofc sk ofc ofc ok ok 3c3 3k ac ofc of 3c ofc ofc He ok 2k

Program 15: HP 41CV Register Loading

SIZE 080 R26= “GAS* ° RS3= FLON *
R@9= 9.800008 R27= “BORE ° RS4= *PPH °
RO1= 9.000000 R28= “FLOW* RSS: ~sssassr
R82= 9.8000 R29= “PRSS* ° RS6= “CALC *
RA3= 9.000099 R30= 25.266729 RS7= “ENTER *
Re4= 8.000000
R@5= 8.898088
Ré6= 9.006008
Re7= 0.008108
R88= @.004000
R89= 8.800008
R18= 0.988983
Ri1= 8.000088
R12= 9.000008
R13= 0.000000
R14= 8.008000
R15= 0.806000
Ri6= 9.000000
R17= 8.000000
R18= 0.000080
R19= 8.008000
R26= ©.000080
R21= 0.000000
R22= 0.060080
R23= 0.000080
R24= 0.860000
R25= = RO -

R31= 57.686998
R32= 57.495808
R33= 57.51524@
R34= 0.000000
R35= 57.535488
R3h=  57.636453
R37= 0.000800
R38= 76.717262
R39= 57.636465
kiB= 57.686162
R41= 0.000800
R42= 56.535400
R43=  57.535488
Rd4= 9.000000
R45= 57.686162
Rd6= 8.000000
R47= 56.636465
R43= 8.000008
R49= =DENSIT"
RS8= °Y PPCF*
RS1= “TEMP D-
R32= "EG F =

R38= 47.000008
RY9= 0.080000
R68= =ORIFIC*
R61= “E BORE"
R62= = INS *-
R63= “INLET *
R64= “PRSS P-
R65= =SIG =
R66= 8.008000
R67= =sCALC *
R68= “PIPE I"
R69= =D INS °
R78= “CALC 0°
R71= “RIFICE"
R72= = BORE *
R73= 0.000000
R74= 0.000008
R?5= 0.000800
R76= 0.000000
R77= 0.000000
R78= @.000000
R79= 0.000000



Program 15: HP 41CV Listing

SUBROUTINES

@1¢LBL “RO GAS"
82 GTO RA

PRINT LINE OF
STARS

83¢LBL a
84 FC? 55
a5 RTN
86 95.55
87 ADY
88 SF 12
89 XEQ b
18 ADY
11 RIN

PRINT LINES

12¢LBL d
13 SF 12
14 1
15 ST+ 58
16 RCL IND 58
17¢LBL b
18 STO 39
19 CLA
284LBL ¢
21 ARCL IND 59
22 RCL 59
23 FRC
24 108
A
26 STO 59
27 X87
28 G10 ¢
29 FC? 35
38 GTO 81
31 PRA
32 CF 12
33 RTH
34¢LBL 81
35 CF 12
36 AVIEW
37 RTH

PRINT & STORE
VARIABLES

334LBL e
391

4a ST+ 53
41 RCL IND 58
42 %=@7
43 RTN
44 XEQ b
45 1
46 ST+ 81
47 RCL IND 81

48 TONE 9
49 FS? 08
98 GTO 81
51 STOP
52 STO IND ol
S3eLBL 01
94 XEQ J
35 GTO e

RE-ENTER
VARIABLES

S6¢LBL "REENTER®
57 ApY
381
59 +
68 STO 81
61 4
62 XOY
63 X(=Y?
64 GTO 81
65 FS? 82
66 GTO 82
67 FC? 83
68 GTN a1
69 RCL 81
785
71 X=Y?
72 GTO 81
73¢LBL 82
74 1
75 ST+ 81
76+LBL 81
77 RCL IND 81
78 XEQ@ J
79 STOP
88 Xea J
81 STO IND 61
82 ADY
83 SF 68
84 STOP
85 FS? a1
86 GTO -AA"
87 F3? 82
88 GT0 B
£9 FS? 82
98 GTO C

BYPASS PRINTER

91eLBL J
92 FC? 55
93 GTO Al
94 PRX

95 RTN
96¢LBL 81
97 VIEW X
98 RIN

Gas or Vapor Flow 191

COMMON CALC

99¢LBL F
108 RCL 04
101 68
182 -

183 .00082
104 =
105 1
186 +

167 359
108 *
189 RCL 82

118 ¥t2

{11 =

112 RCL 83
113 SRT

{14 =
115 RTN

COMMON ENTRIES

116¢LBL I
17 1
118 S70 81
119 29
128 S70 58
121 XEQ a
122 Xea d
123 XEQ a
124 XEQ e
125 RTH

MAIN PROGRAM
CALC BORE

126¢LBL A
127 FS? 09
128 GTO 81
129 CF 82
138 CF 83
131¢L8L 81
132 FS? 82
133 GTO “FLOW="
134 FS? 83
135 GTO -PRESS=*
136 SF 81
137 25.266727
138 STO 30
139 ¥EQ@ I
140 XEQ e
141 XER d
142 CF 09
143¢LBL "AR"
144 RCL 85
145 XEQ F
146 /
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147 RCL 86 1814LBL B
148 15 182 RCL 87
149 + 183 RCL 62
150 SORT 184 /
151 / 185 .6991
152 .4919 186 /
153 Y4% 187 .4919
154 6991 188 17%
155 189 Y1X
156 RCL 82 198 XEQ F
157 # 191 #
158 STO 87 192 RCL 86
159 GTO D 193 15

194 +
CALC FLOW 195 SQRT

168¢LBL “FLON="* 19 #
161 FS? 08 197 STO 85
162 GTO 81 198 CTO D
163 CF 01
164 CF 03 CALC PRESSURE
165¢LBL 1 1994LBL “PRESS="
166 FS? 01 209 FS? 69
167 GTO A 201 GT0 01
168 FS? 03 262 CF 01
169 CTO *PRESS=" 203 CF 82
179 SF 62 284¢LBL 01
171 25.266728 205 FS? 81
172 STO 30 206 GTO A
173 %EQ 1 207 FS? 62
174 1 208 GTO “FLON="
175 ST+ 01 289 SF 03
176 38 218 25.266729
177 $10 58 211 STO 38
178 XEQ e 212 XEQ I
179 XEQ d 213 42
188 CF 80 214 S70 58

215 XEQ e
216 1
217 ST+ 01
218 XEQ e
219 XEQ d
220 CF 09
2214L8L C
222 RCL 87
223 RCL 62
224 /
225 .6991
226 /
227 4919
228 1/%
229 Y1X
230 XEQ F
231 +
232 1/%
233 RCL 85
234 +
235 X12
236 15
237 -
238 STO 96
239¢LBL D
249 STO 09
241 XeQ J
242 FS? 00
243 STOP
244 XEQ a
245 RCL 89
246 VIEW X
247 BEEP
248 ADV
249 STOP
250 END.
 

Program 15: Sequence of Calculations

To calculate bore:

1. Calculate Y, S, index.

Ww
m

359 D* (1 + .00002 (T, — 68)) Vv,P,
 Yr Sp

2. Calculate beta ratio.

B = .6991 (Y, S,)*"



Gas or Vapor Flow 193

3. Calculate orifice bore.

d = B D inches

To calculate flow and inlet pressure:

1. Calculate Y; S, index.

1/.4919

PB
Yr, = 6991

2. Flow = 359 (Y, S,)D* (1 + .00002 (T, — 68)Vy,P, pounds per hour

 

359 D* (Y;S,)(1 + .00002 (T, — 68))
3. Inlet pressure = —14.7 PSIG

Yr

 

Program 15: Nomenclature

D Inside diameter of pipe, inches

d Bore of restriction orifice, inches

P,; Inlet pressure, PSIA

T, Flow temperature, °F

Ww, Maximum rate of flow, pounds per hour

Y,S, Index for B, dimensionless

B Diameter ratio, dimensionless

Ys Specific weight at flowing conditions, pounds per cubic foot

References

L. K. Spink, The Principles and Practices of Flowmeter Engineering,

The Foxboro Company.



CHAPTER SIX

Properties of
Gas and Vapor
Program 16 Gas Properties

Typical Data

 

 

This program is not an instrument engineering program. With a stream

analysis and a table of physical constants of mixtures which follows the

mixture laws (see table on page 205), the program will provide most of the gas

property data that are required for the instrument calculations in this book.

Program 16 will provide

The compressibility factor Z, dimensionless.

The specific weight (or density) vy, pounds per cubic foot.

The mixture molecular weight M, dimensionless.

The mixture critical temperature T,, °R.
The mixture critical pressure P_., PSIA.
The mixture ratio of specific heats C,/C,, dimensionless.

The mixture normal boiling point latent heat of vaporization AHV, Btu

per pound.

N
O
U
R
L
N

Caution must be exercised when using the information in number 7. For

mixtures having components with widely different values, the answer may
be of limited value.

The program defaults to a compressibility factor and specific weight cal-

culation if the first component volume % entry is 100. Any number of com-

ponents can be handled by the program. It loops until 100% value is
reached.

 

Program 16
Gas Properties
 

Program 16: User Instructions

Two programs are available. Program A calculates items 1-5; Program
B calculates items 1-7.

194
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a) Initiate program required, press A or B.
b) Enter:

1. Flow pressure, PSIG Press R/S
2. Flow temperature, °F Press R/S

3. Component-number volume % (Note: When the

volume % is 100, the program goes immediately to

the calculation. When the volume % is not 100, it

continues.) Press R/S

4. Critical pressure, PSIA Press R/S

5. Critical temperature, °R Press R/S
6. Molecular weight, dimensionless Press R/S

And, if program B is selected:

7. Ratio of specific heats C,/C,,» dimensionless Press R/S

8. Normal boiling point latent heat of vaporization,
Btu per pound Press R/S

¢) Program calculates remaining volume %. If less than

100, it loops back to 3. If equal to 100, it continues

and calculates:

® Mixture critical pressure, PSIA

® Mixture critical temperature, °R

® Mixture molecular weight, dimensionless

And, if program B was selected, it calculates:

® Mixture ratio of specific heats C,/C,, dimensionless

® Mixture normal boiling point latent heat of vapori-

zation, Btu per pound

And, finally, both programs calculate:

® Compressibility factor Z, dimensionless, and spe-

cific weight (or density), pounds per cubic foot

 

Program 16: Tl 59 Data Sheet

EERE E EE EEE ESEREE EE EHTR CHFEHT He 1 OLX

A 100

GAS FPROFERTIES EMTRE CRIT FESS FZIAR

. oo 00.

owCe EHTRE CRIT TEHF =
eRREE eS RERE Tr S00.

EHTRE MU

EHTRE FLOW FEISS PSIG 20

i000.

ml LEOLTIZE0S2
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CALC DEMS
3128149

ITY FFCF
2X 2
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1040.

FLOW TEMP “F
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EMTR CHPHT HY 1 vOLx
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ENTR CRIT TEMF IR
=00,
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Si.

EHMTE CHFHT Hf 2
Si.
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EHTE F
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So.
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[id
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MeTUR CRIT TEMP
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Program 16: Tl 59 Register Loading
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Program 16: Tl 59 Listing
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Eh Es 045 TE LEL
PRINT LINES RTH 04g 17
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257 25 CLE 2 55 + 221 07 7
3358 43 RCL 2 43 RCL agz 02 03
253 01 01 TO 03 03 383 95 =
e099 PRT 1 65 x 284 99 PRET
361 42 STO 72 43 RCL 2285 42 STO

IZ 1010 373 08 02 Jee 11 11
374 55 + 287 32 AIT

CALC DENSITY 375 43 RCL 325 16 A’
263 43 RCL 376 10 10 289 92 ADDY

e413 13 277 55 + 390 92 RADY
3s 19 n° ars ol i 391 98 RADY
366 43 RCL 379 00 0 392 32 Ki

JET 02 02 as0

0

93, 393 91 R/S

Program 16: HP 41CV Data Sheet

sk abe 3c Hc oe of ke ok of ofc ok ok afc ke 3k Ae ok He oe ok ofc ok He ok ENTER CRIT TEMP DEG R

560.0000000 ts
*GRAS* *GRAS* ENTER MH

*PROPERTIES* *PROPERTIES* 20.00000000 5s
ENTER CP/CY

fe afc a ofc afc af ofc ofc oe ofc ok ok 3 fe of 3c oe oe ak fe ofc oc ok oe 1.400000009 Peey

ENTER PRSS PSIG
100.0000090  **»

ENTER TEMP DEG F
60.00000000 sx

ENTER % COMPNT NO 1.
100.0000000 +=

ENTER CRIT PRSS PSIA
200.0000008 #22

ENTER CRIT TEMP DEG R
500. 0008000 3s

ENTER MN
20.00000080 sx

CALC Zz
0.801732805 5%

CALC DENSITY
PPCF

0.512814969 ==

fe22 He oe oe oc dk A ok 3k He

ENTER PRSS PSIG
100.0000000  *»=

ENTER TEMP DEG F
60.00000000 +++

ENTER % COMPNT NO 1.
25.00000008 x=

ENTER CRIT PRSS PSIR
200.0000088 xx

ENTER CRIT TEMP DEG R
300.0000000  *»s

ENTER MW
20.00000000  *sx

ENTER CP/CY
1.400000000 ss

ENTER NBP dHY BTU/P
200.0000000  *x=

CALC *% TO GO
75.00000008 ss»

ENTER % COMPNT NO 2.
75.00000000 sxx

ENTER CRIT PRSS PSIA
200.0000000 +»:

ENTER NBP dHY BTU/P
200.0000008 #2»

CALC MIXTURE
CRIT PRSS

200.0000000 sxx

CALC MIXTURE
CRIT TEMP

500.0000000 ss»

CALC MIXTURE
MW

20.00000000  *sx

CALC MIXTURE
cP-sCV

1.490000000  s*»

CALC MIXTURE
NBP dHV

200.0000088 ss»

CALC 2
0.891732805 s+

CALC DENSITY
PPCF

8.512814969 ses
3h ok afc fc fe ac le hc ofc ofc oe oe

 



Program 16: HP 41CV Register Loading

SIZE 080

RAa= 8.@eeAe8d
R8i= 8.080800
R82= @,080804
R83= 0.000240
Ra4= 9.080804

R26= =*PROPE"
R27= “RTIES#"
R28= =CALC MN"
R29= 24.252627
R= 57.585188
R31= 57.525308
R32= 0.080088

Gas Properties 201

R34= =% COMP"
R59= "sxsaxs"

R36= “CALC -=
R5?= “ENTER *
R98= 49,66A0408
R39= 8.60ABAR
RAB= 1.080084

 

R8S= 9.008898 R33= 57.546260 REt= =y
RBG=  8.0ABAAA R34= 0.000008 R62= “NT ND *
R87= 0.890908 R35= 57.635064 R63= “CRIT *
R8S= 9.009098 R36= 57.635265 Réd= “SIA *
R8I= 9.008960 R37: 57.668000 RES= "EGR

RI1= @.89898A R39= 57.678090 R67= “CP/CY-
R12= 0.09ARA) R4A=  57.686970 R68= “NBP dH"
R13= 0.080008 R41=  R,0AGAGR R69= -y BTL
R14= 0.098989 R42= 79.710028 R78= -p
R1S= 9.008080 R43= 29.726373 R71= = T0 GO0*
R16= 0.008200 R44= 28.726374 R72= *IXTURE®
R17= 0.008087 R4S=  28.726688 R73= "PRSS *
R18= 0.896980 R46=  28.726708 R74= “TENP
R19= 8.098908 R47=  28.726861 R?S= = 2 -
R28= 0.000000 R48=  56.75R0A8 R76= “CALC D*
R21= 8.8A8R8Q R49=  76.777300 R77= “ENSITY"
R22= 8.898980 RS58= “PRSS P* R78= = PPCF -
R23= 0.898030 RS1= “SIG * R79= CALC %*
R24= =  *GA" R52= "TEMP D°
R2S= “8+  - RS3= "EGF -

Program 16: HP 41CV Listing

SUBROUTINES 15 ST+ 58 364LBL 81
16 RCL IND 58 37 CF 12

A1eLBL “GAS PRP" {7¢LBL b 38 AYIEW
82 GTO A 18 $70 59 39 RTH
PRINT LINE OF Sob PRINT & STORE

STARS 21 FIX 6 VARIABLES
83eLBL 2 22 ARCL IND 59 480LEL o
84 FC? 55 23 FIX 9 41 1
95 RTH 24 RCL 59 42 ST+ 58
86 55.55 25 FRC 43 RCL IND 58
87 AY 26 100 44 ¥=07
83 SF 12 27 45 RTH
89 XEQ b 28 ST0 59 46 YEQ b
18 ADY 29 X28? 47 1
11 RTN 36 G70 ¢ 43 ST+ 81

31 FC? 55 49 RCL IND 81
PRINT LINES 32 GT0 0 58 TONE 9
126L8L d 33 PRA 51 FS? 09
13 SF 12 34 0F 12 52 GTO #1
14 1 35 RTH 53 STOP
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54 FC? 81
59 GT0 82
56 XEQ J
57 RCL 04
98 *
59 100
68 /
61 ST+ IND 01
62 GTO e
63+LBL 02
64 STO IND 81
65¢LBL 081
66 XEQ J
67 GTO e

RE-ENTER
VARIABLES

68¢LBL "REENTER"
69 ADY
71!
71 +
72 STO #1
73 RCL IND 81
74 XEQ J
75 STOP
76 XQ J
77 STO IND 81
78 ADY
79 SF 09
80 SF 82
81 169
82 STO 84
83 STOP
84 GTO C

BYPASS PRINTER

85eLBL J
86 FC? 55
87 GTO 81
88 PRX
89 RTH
98¢LBL 01
91 VIEW X
92 RTH

MAIN PROGRAM
INCLUDES CP/CV

& dHV

93+LBL “CP/CY"
94 SF 83

ENTER DATA

95¢LBL A
9 1
97 ST0 81
98 STO 21
99 STO 68
198 28

181 STO 58
182 FS? #8
183 GTO 61
194 8
185 STO #5
186 STO 06
187 STO @7
188 STO 88
189 STO 89
116 108
111 ST0 29
112 STO 64
113¢LBL 61
114 XE@ a
115 XQ d
116 XE a
117 ¥EQ e
118 CF 82
119¢LBL B
128 3
121 STO 81
122 32
123 5710 58
124 FS? 08
125 610 G
126 XEQ e
127 RCL 04
128 ST- 28
129 108
138 -
131 X=8?
132 GTO G
133 SF a1
134 XEQ e
135 FS? 83
136 XEQ e
137 RCL 28
138 8
139 ¥2Y?
148 GTO 81
141 CF 99
142 CF 81

PRINT MIXTURE
VALUES

143 42
144 STO 58
145 XEQ d
146 RCL 05
147 ¥EQ J
148 XEQ d
149 RCL 86
150 XEQ J
151 KEQ d
152 RCL 67
153 XQ J
154 FC? a3
155 GTO C

156 XEQ d
157 RCL 68
158 Xee J
159 XEQ d
160 RCL 89
161 XEQ J
162 GTO C
163¢LBL 61
164 RCL 20
165 STO 84
166 41
167 ST0 58
168 XEQ d
169 CF 81
179 RCL 20
171 Xe J
172 1
173 ST+ 69
174 ADY
175 GTO B
176¢LBL G
177 34
178 STO 58
179 4
186 STO 61
181 XEQ e

CALC BP,
182¢18L C
183 47
184 STO 58
185 XEQ d
186 .0866483
187 RCL 86
188 =
189 RCL 05
190 /
191 RCL 82
192 14.7
193 +
194 =

195 RCL 83
196 468
197 +
198 ~
199 STN {1

CALC AB

208 RCL 86
201 RCL 83
282 460
203 +
284 7

205 1.5
286 Y1¥
287 4.93396
208 =

289 STO 12
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ITERATE FOR Z 235 RCL 22 258 +
2180LBL F 236 RCL 21 259 RCL 03
211 RCL 21 237 + 260 460
212 X12 238 + 261 +
2133 239 RCL 12 262 /
214 + 248 RCL 11 263 RCL 87
215 RCL 21 241 X12 264 +
216 2 242% 265 RCL 21
217 + 243 - 266 7
218 - 244 RCL 23 267 18.73
219 RCL 12 245 / 28 /
228 RCL 11 246 ST- "1 269 STO 13
221 - 247 ABS 270 X€Q J
222 1 248 PSE 271 FS? 82
223 - 249 ,080001 272 STOP

224 RCL 11 258 XY 273 ¥EQ a
225 + 251 XY? 274 CF 08
226 STO 22 252 G10 F 275 CF @3
227 + 253 RCL 21 276 CF 84
228 ST0 23 254 XEQ J 277 RCL 21
229 RCL 21 278 RCL 13
239 3 279 VIEW X
231 4% CALC DENSITY 280 BEEP
232 RCL 21 255 XEQ d 281 AY
233 ¥12 256 RCL 02 282 STOP
234 - 257 14.7 283 END

 

Program 16: Sequence of Calculations

1. Mixture values are calculated by the mixture law, which assumes that

the property of the mixture is the sum of the partial fractions.

2. The compressibility factor is iterated from the Redlich-Kwong equation.

A? A? ’
fx=2"-7"+BP, (%) ~- BP, - ) Z- ) we,

 

A?

flx=32>-2Z+ sr, (4) —- BP, - )

where

.42748T>
A= —3sP.T*

TP,
BP, = .0866403

ct f

A?

96 I. -B 4.933 z

f
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Start with Z = 1 and calculate fx/f'x. If greater than 0.00001, subtract

fx/f'x from the current value of Z and repeat until the error is less than

0.00001.

3. Calculate the specific weight.

P, M
T,1.314Z
 Yr = pounds per cubic foot

Program 16: Nomenclature

A, B Partial calculations for Z

Molecular weight, dimensionless

Flowing pressure, atmospheres

Critical pressure, atmospheres

Flowing temperature, °K
Critical temperature, °K
Compressibility, dimensionless

Specific weight, pounds per cubic foot2
N
N
S
N
U
Y
R

Note: These units do not correspond with the calculator input units. The
program converts as necessary.
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CHAPTER SEVEN

Pitot Tubes
Program 17 Liquid Flow

Program 18 Gas or Vapor Flow

Typical Data

 

 

Pitot tubes measure flow by generating a differential pressure proportional

to the square of flow. They have the same characteristics as orifice plates

and have only started becoming popular in recent years as performance data

have become more available.
Their big advantages are low pressure loss and low installed cost, and

they are thus finding many applications on large lines and for measuring

flow in centrifugal compressor discharge lines. Their biggest disadvantage

is that they produce a fixed and unalterable differential range as low as a

few inches of water for some applications. This problem is disappearing as
more sensitive differential pressure instruments become available. There

also has been some fear of excessive vibration, resulting in the tube entering

rotating equipment and causing catastrophic damage. Vibration analysis

techniques and new designs appear to have solved this problem.

The formulas and techniques used in sizing are from the Annubar Flow

Handbook, published by the Dieterich Standard Corporation, and thisis rec-
ommended for reference data.

 

Program 17
Liquid Flow
 

Program 17: User Instructions

a) Initiate program, press A.

b) Enter:

1. Annubar type number (see page 225), dimen-
sionless Press R/S

2. Flowrate, pounds per hour Press R/S

208



Liquid Flow 209

3. Flow temperature, °F Press R/S

4. Specific gravity at flow temperature, dimensionless Press R/S

5. Absolute viscosity, centipoises Press R/S

6. Pipe inside diameter, inches Press R/S

7. Flow coefficient K from page 225, dimensionless Press R/S

¢) Program calculates Reynolds number Rp. Press R/S

d) Enter:

8. Reynolds number correction factor Fg, (see pages

226-228), dimensionless Press R/S

e) Program calculates differential range in inches of
water.

Note: The E subroutine is available to re-enter data and recalculate.

 

Program 17: Tl 59 Data Sheet
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Program 17: HP 41CV Data Sheet

oe He ok ofc de ofofc He ofc oe ok2k ENTER TENP DEG F CALC RD

 

100.0908  #a% 203,014,2857  #+
PITOT LIQUID ENTER FLOW SG ENTER COEF FRA

0.5250 + 0.9739 4+
ac de 2h ake 3c ae ofc oe ofc of ok ok ENTER YISCOSITY cP caLc DIFF

SRPan * RANGE IN M20ENTER TYPE HUMBER .
75.0000 ses 19.2500 sss 14.0984 ss

ENTER FLOW PPH ENTER COEF ¥
2,475,008, 000 5% 8.7092 ®t 2k 3h Ae sfc sk she ofc oc of oe of HK

Program 17: HP 41CV Register Loading

SIZE 080 R26= LIQUID" RS3= *PPH
. R27= 6.090090 RS54= “TEMP D*
= 9.090008

Rot 5.806008 R28= 9.000000 R55= “sexes
RE2= 0.000090 R29= 0.000060 RS6= “CALL *

R38= 29.260009 RS7= “ENTER *
RE3= 0.008000
R84= 0.008048
R@5= 4.808000
Res= 8.000848
Re7= 8.000088
Reg= 4.000000
RE89= 0.000000
Ri8= 6.000000
Ril= ©.800008
R12= 9.088008
R13= 4.000804
Ri4= 4.000000
R15= 9.888000
Ri6= 9.000060
R17= 0.808000
R18= 0.980889
R19= 6.003000
R26= 0.000000
R21= 2,830.823696
R22= 9.600000
R23= 0.608000
R24= 9.080619
R25= =PITOT *

R31= 57.585109
R32= 57.525308
R33= 57.546098
R34= 57.526108
R35= 57.626308
R36=  57.646598
R37= 57.660009
R38= 9.609000
R39= 56.689000
R48= 57.677608
R41= 0.009600
R42= 56.717273
R43= 0.000000
R44= 9.000009
R45= 8.900900
R46= 0.000008
R47= 0.000000
R48= 0.099900
R49= 9.600080
RS8= “TYPE W
RS1= “UMBER *
R52= “FLOW *

RS8= 42.0080890

R59= 0.006080
R68= "EG F
Rb1= =SG
R62= =YISCOS*
R63= “ITY cP"
R64= “PIPE I*
R65= =D INS *
R66= “COEF K*
R67= “COEF *
R68= RD  -
R69= 8.000060
R?78= “FRA
R71= “DIFF *

R72= "RANGE *
R73= “IN H20"
R74= 9.060000

R75= 9.000008
R76= @.000600
R?77= 8.000000
R78= 8.080808
R79= 6.000000

 

Program 17: HP 41CV Listing

SUBROUTINES

@1eLBL “PI LIQ"
82 GTO A

PRINT LINE OF
STARS

B34LBL a
84 FC? 55
85 RTN

86 55.35
a7 Ady
88 SF 12
89 XEQ b
18 ADY
{1 RTH

PRINT LINES

12¢18L d

13 SF 12
14 1
15 ST+ 58
16 RCL IND 58
174LBL b
18 STO 59
19 CLA
204LBL ¢
21 ARCL IND 59
22 RCL 39



23 FRC
24 108
25 *
26 ST0 59
27 X20?
28 GTN ¢
29 FC? 55
39 GTO 81
31 PRA

32 CF 12
33 RIN
34eLBL 21

35 CF 12
36 AYIEN
37 RIN

PRINT & STORE
VARIABLES

38¢LBL ¢

391
48 ST+ S58
41 RCL IND 58
42 ¥=0?
43 GTO d
44 XEQ b
$1
46 S5T+ 81
47 RCL IND 81
48 TONE 9
49 FS? 68
58 GTO 81
51 STOP
52 STO IND el
53¢LBL 81
54 XER J
55 GTO e

RE-ENTER
VARIABLES

56eLBL “REENTER"
57 ADY
58 1
59 +
68 STO 1
61 RCL IND 61
62 X£0 J

63 STOP
64 XEQ J
65 STO IND 81
66 ADY
67 SF 08
68 SF 82
69 STOP
70 GTO 82

BYPASS PRINTER

71eLBL J
72 FC? 85
73 GTO 81
74 PRY
75 RN
76¢LBL 81
77 VIEW X
78 RTN

ENTER DATA

79¢LEL A
88 1
81 STO 81
82 24
83 STN 58
84 CF 82
85 XEQ a
86 XEP d
87 XEO a
88 XE e

CALC Rp

89¢LBL 92

9% 6.315

91 RCL 83

92 =

93 RCL 87

94 /
95 RCL 96

9% 7

97 STO 18

Liquid Flow 213

98 EQ J

ENTER Fg,

99 8
160 STO 01
191 39
182 STO 58
183 XEQ e

CALC DIFF RANGE

104 RCL 83
185 RCL 21
1986 7
187 RCL 88

1088 /
189 RCL 87
118 Xt2
1
112 RCL 89

113 /
114 RCL 24
115 RCL 84

116
117 EtX
118 7s
119 RCL 85
128 SQRT
121 +
122 Xt2
123 STO 11
124 XEQ J

125 FS? 82
126 STOP
127 XEQ 3
128 CF ed
129 RCL 11
130 VIEW X

131 BEEP
132 ADY
133 STOP
134 .END.

 

Program 17: Sequence of Calculations

1. Calculate Reynolds number.

_ 6316 W,,

Dp,
D

2. Calculate differential range.
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2

= Wn | inches of water 

2830.824 K D* Fp, €™%T,\V/G,

Program 17: Nomenclature

=
Q
x

Oo
H
E

=x
3
"
=

Inside diameter of pipe, inches

Reynolds number factor, dimensionless

Specific gravity of liquid at flowing temperature, dimensionless

Differential range, inches of water

Flow coefficient, dimensionless

Reynolds number, dimensionless

Flowing temperature, °F

Maximum rate of flow, pounds per hour

Base of natural logarithms

k., Absolute viscosity, centipoises

References

Formulas extracted from Annubar Flow Handbook, Dieterich Standard

Corporation.

 

Program 18
Gas or Vapor Flow
 

Program 18: User Instructions

a) Initiate program, press A.

b) Enter:

1.

“
w
h
w
e

Annubar type number (see page 225), dimen-

sionless
Flowrate, pounds per hour

Flow temperature, °F
Flow pressure, PSIG

Gas or vapor density (specific weight), pounds per
cubic foot

6. Ratio of specific heats C,/C,, dimensionless
7. Absolute viscosity, centipoises
8.

9.
Pipe inside diameter, inches
Flow coefficient K from page 225, dimensionless

c¢) Program calculates Reynolds number R,,

Press R/S

Press R/S
Press R/S
Press R/S

Press R/S
Press R/S
Press R/S
Press R/S
Press R/S

Press R/S
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d) Enter:

10. Reynolds number correction factor Fy, (see pages

226 -228), dimensionless Press R/S

e) Program calculates the differential range, inches of

water.

Note: The E subroutine is available to re-enter data and recalculate.

 

Program 18: Tl 59 Data Sheet
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Program 18: Tl 59 Listing

SUBROUTINES

PRINT & STORE
VARIABLES

aoa

ool

aoaz

as

Ogg

nos

aos
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Program 18: HP 41CV Data Sheet

ae ake ob ok oe ok ob ke of ke ok ok

*PITOT GRARS*

Ae oe 3k fe hk ok ofc oe fe ok kok

ENTER TYPE NUMBER
76.9080 2%

ENTER FLON PPH
529,900.0008 sxx

ENTER TEMP DEG F
620.0000 3%

ENTER PRSS PSIG
485.3000 he

ENTER DENSITY PPCF
0.8413 =x

ENTER CP/CY
1.3000  **=

ENTER YISCOSITY cP
0.0220  **»

ENTER PIPE ID INS
24.0000 sxx

ENTER COEF K
8.7181 1s

CALC RD
6,338,728.832 ns

ENTER COEF FRA
1.0084 25%

CALC DIFF
RANGE IN H20

14,9209 *x%

A ofc ofae of ofde Sk He de dk ok
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Program 18: Tl 59 Register Loading

SIZE 080 R26= = GAS*" RS3= “PPH *

REA= §.08RNAR R27= 0.000000 RS4= “TEMP D*

R81= 0.090028 R28= 9.080880 R99= “sess”

RE2= @.ARANAA R29= 0.000000 RS6= “CALC *

RG3= 9.088808 R38= 25.268088 RS7= “ENTER *

RA4= 9.0ARARA R31= 57.50518@ R58= 44.0000800

RE5= 8.808A2A R32=  57.525300 R59= 6.099000
RO6= 9.080082 R33= 57.546000 R6= “EG F °
RA7= 9.008808 R34=  57.484900 R61= "DENSIT®
R8R= @.08080088 RIS= 57.617400 R62= =YI1SC0S*
R89= 0.008888 R36= 57.758000 R63= “ITY cP

R18= 9.808638 R3?7= 57.626380 R64= “PIPE I

Ril= 9.808808 R38= 57.646508 R65= -D INS *
R12= 9.0800080 R39= 57.660000 R66= "COEF K*

R13= 9.08908008 R48= 9.000000 R67= 0.000080

Ri4= @.000008 R41= 56.630860 R68= “RD .
R1S= 9.008388 R42= 57.697900 R69= “COEF *
R16= 9.000008 R43= 0.000000 R78= “FRA -*
R17= 0.000088 R44= 56.717273 R?71= “DIFF -
R18= 9,000080 R45= 9.000080 R72= “RANGE *
R19= 9.006008 R46= 8.003088 R73= ~IN H20°
R28= 0.000008 R47= 0.000008 R74= *Y PPCF"

R21= 8.800008 R48= “PRSS P* R75= “CP/CY"

R22= 9.900000 R49= SIC R76= 0.000089
R23= 9.008808 RS8= “TYPE N- R77= 0.80888R

R24= 0.000000 RS1= "UMBER * R78= 0.008008
R25= =#PITOT" R52= “FLOW - R79= @.000A88R

 

Program 18: HP 41CV Listing

SUBROUTINES 21 ARCL TMD 59 t i o ,
op1 race 22 RCL 59 oe

oe J bh 23 FRC 48 TOME 9
24 109 49 FS? 99

PRINT LINE OF 25 + 58 GTO 91
STARS 2% $10 59 51 STOP

93eLBL a 27 X20? 52 STO IND 81
84 FC? 55 28 G10 ¢ 53LBL 01
RTH 29 FC7 55 54 XEQ J
% 55.55 39 GT0 81 55 GTO e
87 Ady 31 PRA
88 SF 12 32 CF 12 RE-ENTER
89 XEQ b 33 RIN VARIABLES

11 RTH 35 CF 12 27 foV
PRINT LINES % pie 58 1
12¢LEL d 59 +
13 SF 12 PRINT & STORE 68 STO 81
14 1 VARIABLES 61 RCL IND 81
15 ST+ 58 IgeLBL e 62 XEQ J
16 RCL IND 58 39 1 63 STOP
17eLBL b 48 ST+ 58 64 ¥EQ J
18 STO 59 41 RCL IND 58 65 STO IND 01

19 CLA 42 %=07 66 ADY
28¢LBL ¢ 43 GTO d 67 SF 98



Pitot Tubes

68 SF 82
69 STOP
78 GTO I

BYPASS PRINTER

71eLBL J
72 FC? 55
73 GTO 81
74 PRX
75 RTN
76eLBL 81
77 VIEW X
78 RTN

CALC hy,

79¢LBL ©
88 RCL #2
81 358.4449333
82 /
83 RCL 12
84 /
83 RCL 89
86 Xt2
87 /
88 RCL 11
89 /

98 .0899819881
91 RCL 04
92 *
93 EfX
94 /

95 RCL 12
9% 7
97 RCL 86
98 SQRT
99 /
108 Xt2
181 STO 13
182 RIN

CALC Y,

183¢LBL H
184 8912914674
185 RCL 14
1686 *
107 EX
108 .08849422857
189 »
110 XeQ G
{11 »
112 RCL 87
13 7
114 RCL 85
115 14.7
116 +
ites

118 CHS
119 1
120 +
121 STO 12
122 RTH

MAIN PROGRAM

ENTER DATA

123¢LBL A
124 1
125 STO 81
126 29
127 ST0 58
128 CF 82
129 XEQ a
136 XEQ d
131 XE2
132 YEQ e

DECODE FOR «

133¢LBL 1
134 RCL 82
135 61
136 -
137 X=8?
138 GT0 81
139 12
148 -
141 X=0?
142 GT0 82
143 2
144 -
145 %=9?
146 GTO 63
147 1
148 -
149 X=0?
158 GTO 83
151 9
152 -
153 X=8?
154 GTO 84
155 1
156 -
157 X=?
158 GTO 84
159 8
168 17%

CALC « TYPE 61

1614LBL wi
162 1
163 ENTER
164 .2387
165 RCL 89
166 7
167 -
168 GTO a5

CALC « Type 73
169+LBL 82
170 .125
171 RCL 89
172 .3125
173 =
174 +
175 7854
176 /
177 RCL 89
178 Xt2
179 7
188 CHS
181 1
182 +
183 G70 05

CALC a TYPE 75 & 76

184¢LBL 83
185 1
186 ENTERt
187 4
188 RCL 09

189 7
190 PI
191 7
192 -
193 GTN 85

CALC a TYPE 85 & 86

194¢LBL 84
195 1
196 ENTERt
197 9.5
198 RCL 99
199 7
268 PI
281 /
282 -

CALC Rp

203¢LBL 05
204 STO 14
205 6.316
2086 RCL. 03
287 *
288 RCL 89
209 /

218 RCL 08
211 7
212 STO 15
213 %EQ J

ENTER Fg,
214 19
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215 S70 ot 223 XEQ 6 231 RCL 13
216 41 224 XEQ H 232 VIEW ¥
217 STO 58 225 XEQ 6 233 BEEP
218 XEQ e 226 XEQ J 234 RADY
219 1 227 FS? 82 235 STOP
228 570 12 228 STOP 236 END.
221 XEQ G 229 CF oa
222 XEQ H 238 XE a

 

Program 18: Sequence of Calculations

1. Calculate Reynolds number.

_ 6316 W,
D

Dp,

2. Calculate the uncorrected differential range.

 

w 2

h, = > = —— -) inches of water
358.445 KD’ Fy € T, Vv,

3. Calculate expansion factor.

h
Y, = 1 — (.004943 ¢¥1%) —2

PK

where for type 61 Annubar (see pages 223-224)

.2387
a=1-—

For type 73

_ [.125 + .3125D]

*- 7854D°

For types 75 and 76

4
a=1—-—

wD
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For type 86

a=1--—
wD

4. Divide step 2 by (¥,)>.
5. Repeat step 3 to find corrected expansion factor.

6. Divide step 2 by corrected (¥,)°.

Program 18: Nomenclature

D Inside diameter of pipe, inches

Fr, Reynolds number factor, dimensionless

h, Differential range, inches of water

K Flow coefficient, dimensionless

P, Flowing pressure, PSIA

R, Reynolds number, dimensionless

T, Flowing temperature, °F
W, Maximum rate of flow, pounds per hour

Y, Expansion factor, dimensionless

a Ratio of areas, dimensionless

€ Base of natural logarithms

Y; Specific weight at flowing conditions, pounds per cubic foot
Kh. Absolute viscosity, centipoises

References

Annubar Flow Handbook, Dieterich Standard Corporation.
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Typical Data

Annubar Regular Models*

 

          
 

    
 

 

  

 

 
 

 

 

  

ANR ANR
Small line si General purpose . .

a e sizes installations General purpose installations

fe—650 —4

le2125%]

~X =
Pay <ol T
op _ i

| 3045S |

Sch 40 & Sch 80 only v

End-support bd

61 73 75 76
3000 2310 2000 2000 2000

100 600 up to 750°F max up to 750°F max up to 750°F max

Nom. Max DP: inches of water, GPM water Max DP: inches of water, GPM water
Ripe OP shown 1s for up to 200°F Above 200°F. reduce value by 3% per 100°F DP shown Is for up to 200°F Above 200°F, reduce value by 3%per 100°F

ze 1121 129
114" 648 176

112" 476 215
F< 468 360

22" 328 446

3” 212 567

32” 159 665
4" 123 760

5" 78 957

6” 515 3,132
8” 297 4,247

107 189 5,444
12" 133 6,556 506 12,790

147 110 7.236 419 14,120

16” 84 8,271 321 16,170

18" 66 9,289 253 18,190
53 10,350 204 20,310

24" 37 12,530 141 24,450

30” 22 16,160 84 31,580
36” 15 19,400 58 38,140

2 11 22760 42 44470
48” 31 51,750

60” 20 64,990
77 14 78,320     
 

Courtesy Dieterich Standard Corporation, a subsidiary of Dover Corp.
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TYPE 61

Nom. Pi
Pipe Schedule he K
Size

1" 80 0.957 .9506
40 1.049 .9561

1%" 80 1.278 .9696
b 40 1.380 .9754

15" 80 1.500 .9779
2 40 1.610 .9802

TYPE 73

Nom. :
Pipe |schitule FiPe K
Size

XX-STG 1.503 .5718
160 1.689 .6197

2" 80 1.939 .6677
---- 2.000 .6773
40 2.067 .6871

XX-STG 1.771 .6372
160 2.125 6950

2%" 80 2.323 7062
40 2.469 7122

---- 2.500 7134

XX-STG 2.300 7052
160 2.624 7177

3" 80 2.900 7257
-—-- 3.000 7282
40 3.068 7298

XX-STG 2.728 7209
3" 80 3.364 7359

-—--- 3.500 |.7383
40 3.548 .7391

XX-STG 3.152 |.7317
160 3.438 |.7372

4" 80 3.826 |.7432
-——- 4.000 7455
40 4.026 7459

XX-STG 4.063 |.7463
160 4.313 |.7491

5" 80 4.813 7503
-—--- 5.000 7506
40 5.047 7506
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Annubar Flow Coefficient K*

TYPE 75/76
Nom. Pi

Pipe |Schedule Hy K
Size

XX-STG |3.152 437)
4" X-STG |3.826 348

40 4.026 5528 TYPE 85/86

XX-STG |4.987 6194 Nom, .
160 5.189 6303 Pipe

|

Schedule Pipe K
6" 80 5.761 .6569 Size

-—-- 6.000 .6612
40 6.065 .6622 160 10.126 .5208

80 11.376 .5567

160 6.813 .6718 12"

|

X-STG 11.750

|

-5659

XX-STG

|

6.875

|

.6725 40 11.938

|

.5703
8" 80 7.625 .6800 STD 12.000

|

.5718
40 7.981 6830

---- 8.000

|

-6831 80 12.500 5828
X-STG 13.000 .5930

160 8.500 .6869 14" 40 13.124 .5954

80 9.564 .6936 STD 13.250 5978
10" X-STG |9.750 |-6947 ---- 14.000 6083

---- 10.000 .6960
40 10.020

|

.6961 80 14.314 6101
16" 40 15.000 6139

160 10.126 .6966 STD 15.250 6151
80 11.376 .7021 ---- 16.000 6187

12" X-STG [11.750 7035
40 RY 7042 \ &, 16. 126 6182

7044 " -ST 17.000 622
STO 12.000 18 STO 17.250 |-6239
80 12.500 7060 ---- 18.000

|

.6266
X-STG |13.000 .7069

14" 40 13.124 .7070 80 17.938 .6264

STD 13.250

|

-7071 20| X-STG 19.000

|

.6300
—- |12.000 7074 STD 19.250 .6307

---- 20.000 |.6329
80 14.314 .7076

" 40 15.000 7079 80 21.564 .6370

16 sto |15.250

|

.7080 | xste¢

|

230000

|

-6302. 24
-——-

|

16.000 7082 STD 23.250

|

.6408
---- 24.000 |.6423

80 16.126 7083
" X-ST6 |17.000 .7086 X-STG 29.000 6502

18 sto 17.250

|

.7087 30

|

sto 29.250

|

.6505
----  |18.000 7089 ---- 30.000

|

.6515

80 17.9 .7089 X-STG 35.000

|

.6526
" X-STG 19.000 .7091 36" STD 35.250 6526

20 STD {19.250

|

7092 ----

|

36.000

|

-6527
To : .7094

20-000 X-STG 41.000 |.6534
80 21.564 7097 42" STD 41.250 |.6534
X-STG [23.000 7100 === 42.000 6535

a sTD [23.250 |7100
=== [24.000 7101 48" -—-- 48.000 |.6541

X-STG . 710830" pel) aon 7108 60" ---- [60.000 .6549
---- 30.000 7109

72" ——-- 72.000 6555
X-STG [35.000 7113

36" STD 35.250 7113

---- [36.000 7114 84"

|

----

|

s8s.000

|

.6559
X-STG [41.000 .7117

42" STD [41.250 7117
——- 42.000 nm 96" -——- 96.000 .6562

48" and larger [48.000 7120 108" & larger 108.000 .6564
 

*This table shows the flow coefficients for various Annubars with varying internal line or pipe

diameter. Linear interpolation may be used for pipe sizes notlisted.
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CHAPTER EIGHT

Rotameters
Program 19A Liquid Flow

Program 19B Gas or Vapor Flow
Typical Data

 

 

For many years, glass-tube and metal-tube rotameters have been used by

industry to measure flow. They are usually used where great accuracy is not

required, and are inexpensive to purchase and install. Safety precludes the

glass tube from most hydrocarbon and pressure services, but the metal-tube

models perform well in these services.

Rotameters are sized on the basis of water equivalent rates for liquids,

and air equivalent rates for gas and vapor. The liquid capacity is limited by

a maximum permissible viscosity. This is calculated from the viscosity im-

munity ceiling published by the manufacturer for each device. The program

does all unit conversions.

Specifications and sizing data Bulletin 20-4000, published by Ametek, Schutte

and Koerting Company, will describe the sizing technique in greater detail.

 

Program 19
Rotameters
 

Program 19: User Instructions

Liquid calculation, press A.

a) Enter:

1. Flowrate, pounds per hour Press R/S
2. Liquid specific gravity at flow temperature, dimen-

sionless Press R/S

3. Float density, grams per cubic centimeter (see typ-

ical data on p. 237) Press R/S

229



230 Rotameters

4. Absolute viscosity, centipoises

b) Program calculates equivalent water flow, USGPM,

and sizing viscosity, centistokes.

¢) Enter:
5. Viscosity immunity ceiling from manufacturers data,

centistokes (see typical data on page 237)

d) Program calculates maximum allowable viscosity for

the process conditions, centipoises.

Gas or vapor calculation, press B.

a) Enter:

1. Flowrate, pounds per hour
2. Gas or vapor specific weight, pounds per cubic foot

3. Float density, grams per cubic centimeter (see page

237
b) Program calculates equivalent air flow, SCFM.

Note: See Program 16 for specific weight calculation.

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

 

Program 19: Tl 59 Data Sheet

FOTAMETER GAHS
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Program 19: TI 59 Register Loading
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Program 19: Tl 59 Listing
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Program 19: HP 41CV Data Sheet

fe ofc 3c fe He ofc He ofc Hk ofc de

*ROTAMETER*

*L IQUID*

3 ofc 2c ofc He He dc oe fe of do A

ENTER FLOW PPH
10,000,000  *»

ENTER LIQUID FLOWING SG
8.528 5x

ENTER FLOAT DENSITY G/CC
8.020 3x

ENTER VISCOSITY cP
0.168 x

CALC GPM
WATER EQUIV

26.648 x

CALC SIZING
VISCOSITY cS

8.213 35%

ENTER YISC IMMUN CLNG cS
8.009 *"e

CALC MAX VI
SCOSITY cP

5.813 es

ac oe ofc oe ak ofc ok Ae oe oe He ok
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alc 3c 2c He fe he oe oe of 3k of 3 ENTER FLOM PPH CALC SCFM

3,000.000 sss RIR EQUIV
*ROTAMETER* ENTER GAS DENSITY PPCF 382.589 ex»

*GRS* 8.364 54

ENTER FLOAT DENSITY G/CC ae ke kc she she dhe de3 ofc of oe ke
fc 3c fc ac ak ae ofc oe ok ok dk ok 8.020 5%

Program 19: HP 41CV Register Loading

SIZE 080 R26= "ETERS * RS53= “NSITY-
RE9= 9.000000 R27= = GA" = = PPCF*
RO1= 9.000060 R28= Ss © R35= “assess”
R82= 0.000000 R29= = sLIQ" RS6= CALC *
RO3= 0.006000 R36= UIDs R57= “ENTER *
RO4= 0.600000 R31= 25.262930 R58= 41.900008
RO5= 0.000008 R32= 57.565100 R59= 0.000080
RO6= 0.000000 R33= 57.666768 R68= “FLOAT *
RE7= 0.098908 R34= 57.686162 R61= “DENSIT®
R93= 0.690000 R35= 57.697004 R62= *Y G/CC"
R89= 0.000000 R36= 6.600900 R63= “SCFM *
R16= 0.000000 R3I7= 56.717265 R64= “AIR *
Ri1= 0.890000 R38= 24.486949 R65= “EQUIV"
R12= 6.000008 R39= 57.737475 R66= -LIQUID"
R13= 0.000008 R46= 0.000000 R67= = FLONI*
R14= 0.890000 R41= 56.767778 R68= “NC SC
RIS= 8.808300 Rd2= 25.262728 R69= ~¥ISCOS"
R16= 0.000800 R43= 57.505109 R78= “ITY cP
R17= 0.000000 Rd4= 57.525354 R71= “CPM *
RiS= 9.000080 R45= 57.686162 R72= “HATER *-
R19= 0.060809 Rd6= 8.000000 R73= =vISC I"
R29= 0.000000 R47= 56.636465 R74= "NMUN C*
R21= 0.000000 R48= “IZING * R7S= “LNG cS"
R22= 0.000000 R49= “ITY cS* R76= “MAX VI*
R23= 0.000000 R38= “FLOW - R77= -SCOSIT"
R24= “CALC §° R31= “PPH" R78= *Y cP *
R25= **ROTAN" R32= “GAS DE R79= 0.000000

Program 19: HP 41CV Listing

SUBROUTINES PRINT LINES 26 ST0 59
B14LBL “ROTAMR" » 27 ¥2@?
82 CTO A po poy 2 28 G10 ¢

11 29 FC? 55
PRINT LINE OF 15 ST+ 58 38 GTO 81

STARS 6 RCL IND 58 3) FR
B30L6L a 170L8L b Bu
84 FC? 55 18 ST0 59 33 RY
85 RTN 19 CLA igri
86 55.55 200L8L ¢ BUF 12
87 ADV 21 ARCL IND 59 3 vied
88 SF 12 22 RCL 59 3 oh
89 XEQ b 23 FRC PRINT & STORE
18 ADY 24 100 VARIABLES
11 RTH 25 + 380LBL e



H1
49 ST+ 58
41 RCL IND S58
42 X=9?
43 GT0 d
44 XEQ b
45 1
46 ST+ 81
47 RCL IND 81
48 TONE 9
49 FS? 89
58 GTO 81
S1 STOP
52 STO IND 81
S3¢LBL a1
94 XEQ J
59 GT0 e

RE-ENTER
VARIABLES

S6¢LBL “REENTER®
57 RADY
58 FS? 83
39 GTO 81
68 ©
61 GTO 82
62¢LBL 81
63 1
64¢LBL 92
65 +
66 STO 81
67 RCL IND 81
68 XE@ J
69 STOP
78 XEQ@ J
71 STO IND 81
72 ADY
73 SF 08
74 SF 82
73 STOP
76 FS? 83
77 GTO 6
78 GTO H

BYPASS PRINTER

79¢LEL J
88 FC? 55
81 GID 81
82 PRX
83 RTH
84sLBL 81
33 VIEW ¥
Bo RTH

MAIN PROGRAM

LIQUID

ENTER DATA

87¢LBL A

88 FC? 08
89 CF 84
98 FS? 84
91 GTO =GRS*®
921
93 STO 01
94
95 STO 58
9 CF 82
97 XEQ a
98 XeQ d
99 XEQ a
192 XEQ e
181 SF 83
182 CF 84

CALC GPM

183+LBL GC
184 5
185 STO 81
186 1
107 37
188 STO 58
189 RCL 82
118 68
111 7
112 .318
113 =
114 RCL 94
115 RCL 83
116 -
117 RCL 83
118 *
119 S@RT
128 STO 10
121 7
122 ST0 11
123 XEQ J

CALC SIZING VISC

124 XEQ d
125 RCL 85
126 2.65
127 *
128 RCL 18
129 7
138 XEQ J

ENTER VISC CEILING

131 XEQ e

CALC MAX VISC

132 RCL 86

Rotameters 235

133 RCL 83
134 SORT

135
136 XEQ J
137 GTO I

GAS
ENTER DATA

138¢LBL “GRS*
139 FC? 08
140 CF @3
141 FS? 83
142 GTO RA
143 6
144 STO a1
145 41
146 STO 58
147 CF 82
148 SF 04
149 CF 03
158 XEQ a
151 XE@ d
152 XEQ a
153 XEQ e

CALC MAX VISC

154¢LBL H
155 6
156 STO 81
157 RCL 87
158 60
139 7
160 108.34
161 *
162 RCL 89
163 RCL 08
164 *
165 SERT
166 /
167 STO 11
168 XEQ J
169¢LBL I
178 FS? 02
171 STOP
172 CF 68
173 XEQ a
174 RCL 11
175 VIEN X
176 BEEP
177 RADY
178 STOP
179 (END.
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Program 19: Sequence of Calculations

Liquid

1. US gallons per minute water equivalent.

Ww 318
m

Qv = 60 Vy, (Vr = Ys)

2. Sizing viscosity.

= Mep265 centistokes.
Vy (ve = vp)

3. Maximum allowable viscosity.

= Wo VG, centipoises

Gas or Vapor

1. Standard cubic feet per minute air equivalent.

Ww,

24 = oo

10.34
  

VrYr

Program 19: Nomenclature

G, Specific gravity of liquid at flowing conditions, dimensionless

Q, Calculated equivalent air flow, standard cubic feet per minute

Qn Calculated equivalent water flow, US gallons per minute

W,, Maximum rate of flow, pounds per hour

Yr Density of float, grams per cubic centimeter
Ys Specific weight of gas, pounds per cubic foot

Kh. Rotameter viscosity immunity ceiling, centistokes

K., Liquid absolute viscosity, centipoises
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Typical Data

 

© Float Density
 

 
 

 

   
   

 

 

Material Density

°®° Alloy 20* 8.02
Aluminum 2.7

Brass 8.47

: Hastelloy C 8.94

Monel 8.84

Nickel 8.91

Hastelloy B 9.24

4 Titanium 4.5

/ *TM Carpenter Steel Company

¢

ee   
 

Capacities for Series 20-4000 “SAFEGUARD’” Rotameters with
10” Scales and GS Semi-Viscosity Compensating Floats

 

 

 
 

 

  

  

 

  

  

    

cim Air Group® Max. Max. Recom-
@ 70°F and Meter Tube Float Colling Mo mended

@ 70°F and Conn. Size No. No. . in. W.C. Pressure,
47 psia Size os M psig @ 200°F

3.28 1%-GS-2 oT 8.7
1.00 411 2-20-G-10 5-GS-4 8 6.0 300
125 5.16 > . %-GS-6 9 9.6 :
1.50 6.55 %" ¥%-GS-2 8 7.4
1.89 8.20 Y-37-G-10 1-GS-4 9 11.2 300
2.45 10.10 %2-GS-6 1.0 17:2

3.40 14.0 %-GS-2 20 52
4.28 17.6 5 %-31-G-10 %-GS-4 2.3 8.2. 300
5.26 217 . %-GS-6 25 129
5.85 28.2 : 1-G8-4 3.0 11.0 :
8.73 35.9 3 a 127-610 , 1.Gs6 40 20.8 250
11.0 453 1-G5-4 25 18.7
140 57.6 : 1-41-G-10 , G56 3.0 30.5

17.3 71.2 1%-GS-4 6.0 12.9 :
19.8 815 . 1%-25-G-10 44.G56 7.0 165 135
23.4 96.4 D 1%2-GS-4 5.0 14.9
26.9 111.0 1" 1%-34-G-10 , 13,.G5-6 8.0 19.9 1
36.3 150 . 2-24-G10 2-G5-6 10.0 24.2 90
478 197 2-31-G-10 2-G5-6 10.0 32.8 90        
 

Courtesy Ametek, Schutte and Koerting Co., Cornwells Heights, PA.
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Selection Curve for Semi-Viscosity Compensating
Floats, Type GS*

FLOAT NUMBER

40   
   
   

1 2-31-G-10

1

1/2-GS-6

11/2-GS-4

2-24-G-10

1/2-34-G-10

11/2-25-G-10

1-41-G-10

(Q
s)

SI
ZI

NG
FL

OW
,
gp
m

1-27-G-10

%2-31-G-10

2-37-G-10

1/2-20-G-10

1 2 3 4 5 10 20 30 40 50 100 200 250

(Vs) SIZING VISCOSITY,cs

Courtesy Ametek, Schutte and Koerting Co., Cornwells Heights, PA.



CHAPTER NINE

Flow Conversions
Program 20A SCFH to PPH

Program 20A’ PPH to SCFH

Program 20B  USGPM to PPH

Program 20B’ PPH to USGPM

Program 20C SCFH to CFH

Program 20C’ CFH to SCFH

 

 

All of the programs in this book require the flowrate to be in pounds per

hour for liquid, gas, or vapor. Weight was chosen because it is independent

of pressure and temperature, whereas volume is dependent. Volume must

always be accompanied with a temperature and pressure statement because

conditions vary with custom and industry. Barrels are invariably at 60°F,

gallons: can be at any temperature, cubic feet can be at any pressure or tem-

perature, and standard cubic feet is usually (but not necessarily) at 14.7

PSIA and 60°F. Gallons also come in two sizes; the Imperial gallon is ap-

proximately 20% larger than the US gallon.

When flow is calculated in pounds per hour, the specific gravities, specific

weights, compressibility factors, ratios of specific heats, and viscosities are

at flowing conditions. When converting from and to USGPM,the specific

gravity must be the value at the temperature for which the USGPM is to be

measured.

 

Program 20
Flow Conversions
 

Program 20: User Instructions

Standard cubic feet per hour to pounds per hour, press A.

a) Enter:
1. Flowrate, SCFH (60°F, 14.7 PSIA) Press R/S
2. Molecular weight, dimensionless Press R/S

b) Program calculates flowrate, pounds per hour.

239
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Pounds per hour to standard cubic feet per hour, press A’.

a) Enter:
1. Flowrate, pounds per hour

2. Molecular weight, dimensionless

b) Program calculates flowrate in SCFH (60°F, 14.7

PSIA).

US gallons per minute to pounds per hour, press B.

a) Enter:

1. Flowrate, US gallons per minute

2. Specific gravity at the same temperature, dimen-

sionless

b) Program calculates flowrate, pounds per hour.

Pounds per hour to US gallons per minute, press B'.

a) Enter:

1. Flowrate, pounds per hour

2. Specific gravity at the required temperature, dimen-

sionless

b) Program calculates flowrate in US gallons per minute.

Press R/S
Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Standard cubic feet per hour to actual cubic feet per hour, press C.

a) Enter:

1. Flowrate, SCFH

2. Flow pressure, PSIG

3. Flow temperature, °F

b) Program calculates flowrate, ACFH.

Press R/S

Press R/S
Press R/S

Actual cubic feet per hour to standard cubic feet per hour, press C'.

a) Enter:

1. Flowrate, ACFH

2. Flow pressure, PSIG

3. Flow temperature, °F

b) Program calculates flowrate, SCFH.

Press R/S
Press R/S
Press R/S

 



Program 20: Tl 59 Data Sheet

A
FEF IT FTX EFT ETE FT TLR EEF EF

FLOW COHYERSIOHS
SCFH TO FFH

ENTER FLOW RHATE SCFH
{TTT

ENTER MOL WGHT
24,

cOMY FLOW =

FLOW COMYERZIONS
FFH TO =CFH

EMTER FLOW RATE FFH

EMTER MOL WGHT
24.

COMY FLOW =
4737S. SCFH

FLOW COMVERSIOHS
LUSGRH 10 FFH

EHTER FLOW EATEUSGRM

10.

EHTER SHHME COHD SG
I.E

CcOHY FLOW =
2000, FFH

Flow Conversions

B1

FEFELEFEEEF EE FER EEIE

FLOW COHYERSIOMS
FFH TO USGFH

EMTER FLOW RATE FFH
Soon,

EHTER SAME COMI SG
O. &

cody FLOW =

HZGFM

10.

FEEL EF EEL LEEREREEERE

FLOW COHYERS I

SCFH TO ACF

EHTER FLOW ERTE =SCFH
2000,

EMTER FLOW PRIS PSIG
14.7

EMTER FLOW TEMP “F
=a i

cOMY FLOW
S00, HIZFH

C1

ERE EREEFFLFERRR LEER

FLOW COMYERSIOHS
ACFH TO =CFH

ENTER FLOW RATE ACFH

EMTER FLOW FESS PSIG
1d, 71

EMHTER FLOW TEHF “FE

CcOoMY FLOW =
Zon, SCFH

TERETE ITE ET ERY EEEE
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3 CRC 33% 49 4949 as 0s
2 Iz ar 255 89 OF 95 =
3 71 SEF 355 04 04 23 OF
3 12 S70 257 43 RCL oe 0g

= 71 SBE 252 02 0g 51 570
I 70 RAD 35% 85 wm AY DEEZ
3 33 RCL Jel 43 RCL

Program 20: HP 41CV Data Sheet

He 3 3 3 Ske sk A A Ak dk ek ae ofc ofc he ofc kc He Ae of ke ok 4c 3 He oe ke He he oe ofc ok fe ok

CONVERSIONS
SCFH TO PPH

3c 3 3k He He oe of fe ok oe ok ok

ENTER FLOW RATE SCFH
47,375.88 *%»

ENTER MN
24.88 sx

CONVERTED
FLOW PPH

3,000.88 xs

He oc ofc ak He fe ofc ok Jk ok ke ok

3,608.00

Ae oc 2c 3k ok fe ofc de fe ke ok kc

CONYERS IONS
PPH TO SCFH

3 ok 2c he oc fe 3c Ae of ae of He

ENTER FLOM RATE PPH
3,000.88 xx

ENTER MK
24.08 $x

CONVERTED
FLOW SCFH

47,375.08 sx

2c ofc oe he ofc fe ofc of ok ok ok

47,375.08

CONYERSIONS
USGFM TO PPH

she sk ofc oe Ae ak ok oc oe she ok ok

ENTER FLOW KATE USGPM
18.88 x%x

ENTER SRME COND SG
0.68 ex

CONVERTED
FLOW PPH

3,008.08  **x

24 ok she Ae oe ok ok oe ok of ke ok

3,000.00

3c ofc of ofc 2c oe ofc oe fe ok of ok

CONVERSIONS
PPH TO USGPM

fe sc of dk ofc ofc of He fe Ae Ae ok

ENTER FLOW RATE PPH
3,000.00 =

ENTER SAME COND SG

9.60 5%

CONVERTED

FLOW USGPM

18.08 53

afc ofc3He fe oe He Hk ke of He

18.00

CONVERSIONS
SCFH TO RCFH

ok oc ae He Hk Ak Mk ae de of dk ok

ENTER FLOW FLOW SCFH
47,375.88 srs

ENTER PRSS PSIG
14.78 sas

ENTER TEMP DEG F
588.880 ss

CONVERTED
FLOW ACFH

47,375.88 a2

he oe ae he of oe ok ke oe ok kok

47,375.08

ec of oc 3k He oe dk He ofc of dk dk

CONVERSIONS
ACFH TO SCFH

ae 3c ok ak of ofc oe ok de he ok

ENTER FLOW RATE ACFH
47,375.68 #2

ENTER PRSS PSIG
14.78 *%

ENTER TEMP DEG F
388.08 ess

CONVERTED
FLOW SCFH

47,375.80 ses

oc ak ofc He ok ok He ofc df ok kk

47,275.00

 



246 Flow Conversions

SIZE 080

Rée= 9,000000
R81= 9.000000
RE2= 0.000800
RE3= 0.000000
R84= 9.000000
R@5= 9.006000
R66= 0.000800
R87= 0.000800
R88= 0.800000
RE9= 0.000008
Ri16= 8.000000
R11= @.000000
R12= 0.600000
R13= 0.008800
R14= 0.000080
R15= 0.606008
R16= 0.000800
R17= 0.080800
R18= = FLOW *
R19= = RATE *
R26= “PPH *
R2i= = MH *
R22= =CONYER®
R23= "TED -
R24= “SAME C*
R25= OND SG*

Program 20: HP 41CV Register Loading

R26= °PRSS P*
R27= =SIG *
R28= “TEMP D*
R29= "EG F *
R368= * ACFH *
R31= 0.000000
R32= 72.737475
R33= 57.181974
R34= 57.210000
R35= 0.600000
R36= 22.231820
R37= 72.737674
R38= 57.181920
R39= 57.210800

R46= 0.000900
R41= 22.231874
R42= 72.737775
R43= 57.181977
R44=57.242508
R45= 0.000000
Rd6= 22.231820
R47= 72.737678
R48= 57.181920
R49= 57.242508
R50= 0.000000
RS1= 22.231877
R52= "0 ACFH®

R53= “ACFH T°
RS4= 0 SCFH"
R55= "sssses”

R56= 0.090000
RS7= “ENTER *
R58= 71.0060000
R39= 0.000000
R68= 72.737952
R61= 57.181874
R62= 57.262700
R63= 57.282900
R64= 6.000000
R65= 22.231830
R66= 72.735354
R67= 57.181930
R68= 57.262700
R69= 57.282980
R78= 6.800000
R71= 22.231874
R72= “CONVER"
R73= “SIONS -
R74= = SCFH *
R75= “TO PPH"
R76= "PPH TO"
R77= “USGPM -
R78= = USGPH*
R?79= =SCFH T=

 

SUBROUTINES

81eLBL ~CONYSN"
82 GTO A

PRINT LINE OF
STARS

@3+LBL a
94 FC? 55
85 RTH
#6 55.55
67 RADY
08 SF 12
89 XEQ b
18 ADY
{1 RTN

PRINT LINES

12¢LBL d
13 SF 12
14 1
15 ST+ 58
16 RCL IND 58
17¢LBL b
18 STO 59

Program 20: HP 41CV Listing

19 CLA
20¢LBL ¢
21 ARCL IND 39
22 RCL 59
23 FRC
24 108
2%
26 STO 59
27 X80?
28 GT0 ¢
29 FC? 55
38 GTO 61
31 PRA
32 CF 12
33 RTN
34eLBL 81
35 CF 12
36 AVIEN
37 RTN

PRINT & STORE
VARIABLES

38¢LBL e
91

46 ST+ 58
41 RCL IND S8
42 ¥=0?
43 GTO d
44 XEQ b
45 1
46 ST+ 61
47 RCL IND 81
48 TONE 9
49 FS? 00
58 GTO @1
51 STOP
52 STO IND 81
33¢LBL 01
54 XEQ J
35 GTO e

RE-ENTER

VARIABLES

J64LBL “REENTER®
37 RADY
58 FC? 14
39 GTO e1
60 1
61 GTO 82
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62¢LBL 81 SELECT PROGRAM 165 STO 04
or oe 3 FOR REPRINT 166 STO 98
6 3 118LBL B 167 610 1

so nr
el ol 121 FS? 15 PPH TO SCFH
69 CTO 81 122 GTO 82 168¢LBL "P TO F*
785 123 FS? 16 169 FS? 00

726LBL 01 125 F§? 17 171 XEQ C
73 FC? 17 126 GTO 84 172 SF 15
74 CTO 01 127 FS? 18 173eLBL 82

of inn ns76 GTO 82 2 18 175 ST0 91
774LBL 81 138 GTO 86 176 34
78 FC? 18 177 S70 58
79 GTO 81 178 XE2 D
53 9 CLEAR FLAGS NEW 1794LBL 98
81 GTO 82 ENTRY 189 RCL 94

82+LBL 81 1310L8L © 181 STO 88
83 FC? 19 132 CF 14 182 379

84 GTO F 132 CF 15 183 *
95 12 134 CF 16 184 RCL 05
864LBL 92 135 CF 17 185 STO @3

87 + 136 CF 18 i% /
88 STO 81 137 OF 19 187 ST0 82

89 RCL IND 61 138 RN 188 S10 19
99 XEQ J 139¢LBL D 189 GTO 1

91 STOP 148 XEQ a
92 ¥EQ J 141 XEQ d
93 ST0 IND 81 142 %60 3 USGPM TO PPH
94 ADY 143 XEQ e 199¢LBL[ *G TO P*
95 SF 90 144 CF @2 191 FS? 00
96 SF 82 145 RTN 192 GTO B
97 STOP 193 EO C
98 FS? 14 194 SF 16

99 £70 07 MAIN PROGRAM Tord 3
189 FS? 15
191 GTO 82 SCFH TO PPH 197 STO 01
162 FS? 16 1464LBL A 198 41
183 GTO 89 147 FS? 00 199 STO 58
184 FS? 17 148 GTO B 208 XEQ D
165 GTO 10 149 ¥EQ C 2014LBL 19
1686 FS? 18 150 SF 14 202 RCL 06
187 GTO 11 1514LBL 81 263 509
162 FS? 19 152 1 204 »
109 GTO 12 153 STO 81 205 RCL 07

154 31 206 STO 89
155 STO 58 207 »

BYPASS PRINTER 156 XEO D 208 STO 84
118+LBL J 1574LBL 87 289 STO 08
111 FC? 55 158 RCL 82 218 G10 1
112 GI0 ol 159 STD 18

113 PRX 168 RCL 83
114 BTN 1e1 ST0 65 PPH TO USGPM
115+LBL 01 162 # 2114LBL *P TO G*
115 VIEW X 163 379 212 FS? 08
117 RTN 164 7 213 GTO B



248 Flow Conversions

214 XEQ C 245 STO 15 276 RCL 15
215 SF 17 246 460 277 S10 12
2164LBL 84 247 + 278 468
217 7 248 520 279 +
218 ST0 of 249 / 299 /
219 46 250 14.7 281 RCL 14
220 STO 58 251 ENTER? 282 STO 11
221 XE@ D 252 ENTER? 283 14.7
222¢LBL 10 253 RCL 11 284 +
223 RCL 88 254 STO 14 285 14.7
224 STO 04 235 + 286 /
225 560 236 7 207
226 / 257 + 288 RCL 13
227 RCL 89 258 RCL 10 289 *
228 STO 87 259 STO 82 299 STO 10
229 7 260 * 291 STO 82

238 STO 16 261 STO 13
231 GTO I 262 GTO I

SCFH TO ACFH ACFH TO SCFH COMMON ENDING
232¢LBL *S TO A* 263¢LBL “A TO S* 292eLBL 1
233 FS? 99 264 FS? 09 293 ST0 16
234 GTO B 265 GTO B 294 XEQ J
235 EQ C 266 XEQ C 295 FS? 82
236 SF 18 267 SF 19 29 STOP
2374LBL 05 2630LBL 96 297 CF 88
238 9 269 12 298 EQ a
239 STO 81 278 STO ot 299 RCL 16
248 59 271 65 300 VIEW X
241 S70 58 272 ST0 58 301 BEEP
242 XEQ D 273 XEQ D 382 ADY
243eLBL 11 2740LBL 12 3083 STOP
244 RCL 12 275 528 384 END.

 

Program 20: Sequence of Calculations

1. Standard cubic feet per hour to pounds per hour.

o.M
Ww, = pounds per hour

379
 

2. Pounds per hour to standard cubic feet per hour.

379W,
, = —— SCFH

M

3. US gallons per minute to pounds per hour.

W,, = 500 Q,, G pounds per hour
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Pounds per hour to US gallons per minute.

 
Ww,

Q, = USGPM
500 G

. Standard cubic feet per hour to actual cubic feet per hour.

Q, = Qu ACFH
520 ) A BP

T, + 460 14.7

Actual cubic feet per hour to standard cubic feet per hour.

d= 0 520 ) (Be) SCEH
TOT, + 460 14.7

Program 20: Nomenclature

Specific gravity at the same conditions at which flow is measured,

dimensionless

Molecular weight, dimensionless

Flow pressure, PSIG

Rate of flow, actual cubic feet per hour

Rate of flow, US gallons per minute

Rate of flow, standard cubic feet per hour

Flow temperature, °F
Rate of flow, pounds per hour



CHAPTER TEN

Pressure
Relief Valves
Program 21 Gas or Vapor Relief

Program 22 Steam Relief—Boilers and Unfired Pressure Vessels,

Known Flow

Program 23 Liquid Relief—Known Flow
Program 24 Liquid Relief—Entrapped in Heat Exchanger

Program 25 Liquid Relief—Entrapped in Pipeline

Program 26 Fire Sizing—Liquid Vaporization

Program 27 Relief Temperature and Latent Heat of Vaporization for

Program 26

Program 28 Fire Sizing—Gas Expansion

Typical Data

 

 

Most instrument engineers do not consider pressure relief valves as in-

struments—they are the orphans of the petrochemical industry, and nobody

wishes to own them. ISA publishes a specification sheet for them, yet very

rarely does ISA mention them again. Engineering contractors generally del-

egate them to their Instrument Department, yet operating companies rarely

do. They are, however, vital to the safe operation of the plant, and the

person responsible for them must be familiar with API 520 parts 1 and 2

and the ASME and any other authoritative body. The manufacturers are also

a valuable source of information.
Plant operations must be thoroughly understood, and an analysis of all

possible contingencies must be made and the worst case selected (typical

cases are shown in Table 10-1). It is not normal, however, to consider dou-

ble contingencies such as an external fire and, at the same time, an oper-

ations error, unless there is a real possibility of it happening. Good engi-

neering judgmentis called for. The valves are inexpensive insurance for the

plant, and underinsurance can be an unmitigated disaster.

Pressure relief valves are required on all equipment that can be blocked

in, although it is permissible to have a block valve car sealed open. Rupture

250



Pressure Relief Valves 251

discs are sometimesinstalled undera relief valve where bubble-tight shutoff

is required or where corrosive or dirty service conditions exist. In such cases

a pressure gauge should be installed between the two so that rupture-disc

failures can be detected. Dual valves with a special three-way valve that

ensures that full relief area is always available can be installed where servic-
ing may be required between unit shutdowns.

When sizing pressure relief valves, remember that they are basically a

differential pressure device. They open when the inlet pressure minus the

back pressure equals the set pressure. Most valves relieve into a relief header

which is tied into the flare. If the relief header already has some valves

discharging into it, a higher back pressure will be exerted on those valves

not yet open, and a higher inlet pressure will be required to open them.

Since most valves are set at the maximum allowable working pressure of

the vessel, and since the ASME codes have strict limitations as to how much

this can be exceeded, special care must be taken to select the correct valve

for the service.

There are essentially two types of valves—standard valves and bellows

valves (some typical valves are shown in Figure 10-1). The latter have a

bellows installed over the seat mechanism to keep the back pressure at at-

mospheric pressure.

Standard valves are usually selected for cases where the back pressure is

likely to be nearly constant. (This is not necessarily atmospheric pressure.)

The spring is adjusted to give the desired opening pressure. A variable back

pressure of 10% of set pressure is usually allowed, for a valve is usually

sized on the basis of critical flow. Therefore, a 10% overpressure would

only delay the valve opening; it would not affect flowrate or accumulation

(accumulation being defined as the allowable increase in pressure during

discharge through the relief valve.
Where back pressure variations exceed 10% of the set pressure, a bellows

valve is normally chosen. The bellows must be vented to atmosphere. These

valves inherently require more maintenance than standard valves. Failure of

the bellows by corrosion, rupture, or plugging of the vent converts them to

standard valves. They have back-pressure and size limitations, and where

the back pressure is sufficiently high to prevent sonic velocity through the

valve, they usually have a smaller capacity than the standard valve.

The set pressure is the pressure at which a liquid valve starts to lift and

a gas or vapor valve pops open. Maximum flow is achieved at a slightly

higher pressure called accumulation. ASME has very definite limits as to

the accumulation rise if the set pressure is also the maximum allowable

working pressure. Accumulation is defined as

(set pressure PSIG X overpressure factor + 14.7) PSIA

(text continued on page 255)
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PROCESS SAFETY RELIEF VALVES*

SERIES 2600 SERIES 2600

ASME, NB Certified.
Sizes 1” x 2" to 8” x 10”.
Effective orifice areas from
.110sq.” t0 26.0 5q.”. Pres-
sures —-5 to 10,000 PSI.
Temp. range, —450°F. to
1500°F Stl. body—St. Stl.
trim. Hardened St. Stl. disc
to significantly reduce wear
and prolong life. Optically
groundfor ultimate in tight-
ness. No thermal distor-
tion. Hastelloy, Monel and
316 SS materials available
as well as NACE construc-
tion. Optional O-Ring elas-
tomerseat seal for supreme  

ASME, NB Certified.
Sizes 1” xX 2" to 8” x 10".
Effectiveorifice areas from
.1105q."” t0 26.0 sq.". Pres-
sures from -5 to 10,000
PSI. Temp. range, 450°F
to 1500°E Stl. body—St.
Stl. trim. Hardened St. Stl.
disc to significantly reduce
wear and prolong life. Opti-
cally ground for ultimate in
tightness. No thermal dis-
tortion. Patented bellows
isolate working parts and
top-works from fouling or
corrosive fluids. Nullifies
back pressure. Optional O-

. tightness. Ring elastomer seat seal for
Conventional supreme tightness.

 

SERIES 2740 SERIES 2741
 

ASME, NB Certified
(27400). Sizes 12" xX 1" to
1” x 1”. Effective orifice
areas from .06 sq.”. Pres-
sures from 10 PSI to 2000
PSI. Temp. range of —450°
FE to 750°E Stl. body—Stl.
bonnet—St. Stl. trim.
Available with screwed,
flanged, socket weld or
welding nipple connection.
Hastelloy, Monel and 316
SS materials available as  

Sizes 34" x 1" to 2" X 2".
Effective orifice areas from
.110sq."to .4425q.". Pres-
sures from 10 PSI to 5,000
PSI. Temperature range
—450°F to 750°FE St. Stl.
body—Stl. bonnet—St.
Stl. trim. Available with
screwed, flanged, socket
weld or welding nipple con-
nection. Hastelloy, Monel
and 316 SS materials avail-
able as well as NACE con-

 

 

well as NACE construction. struction. Optional O-Ring
Optional O-Ring elastomer elastomer seat seal for su-
seat seal for supreme tight- preme tightness.
ness.

Designation Designation
& Orifice Orifice Area & Orifice Orifice Area
Letter Sq. In. Letter Sq. In.

D 0.110 L 2.853

E 0.196 M 3.60
F 0.307 N 4.34
G 0.503 P 6.38
H 0.785 Q 11.05

J 1.287 R 16.0
K 1.838 T 26.0    

Figure 10-1. Typical pressure relief valves. (Courtesy Teledyne Farris Engineering, 400
Commercial Avenue, Palisades, Park, NJ 07650.)
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For ASME-coded vessels protected by a single valve, Section VIII ASME

Boiler and Pressure Vessel Code limits the overpressure factor to 1.2 for

fire contingencies, and to 1.1 for all others. Section I ASME Power Boiler

Code limits the overpressure factor to 1.03.

API 520 indicates that the overpressure factor for liquid relief on non-

coded service is generally considered to be 1.25.

Material selection for the valves is usually based on worst conditions. For

cold service this is very often the operating conditions, and for hot service
it is the relief conditions.

The procedure for sizing a valve is to calculate the required orifice area,

then pick the next largest available standard size. This means the valve has

extra capacity, which is sometimes useful when designing relief header sys-

tems in terms of increased back pressure. The maximum back pressure that

maintains flow at relief conditions is calculated and printed. If this figure

is of any significance, it should be checked against the selected valve-man-

ufacturers’ data because there are limitations and variations between man-

ufacturers, and the program will only provide typical data.

It is recommended that copies of API RP520,parts 1 and 2, and the Farris

Bulletin FIC 117, ‘‘Safety and Relief Valves,’’ be obtained for reference.

 

Program 21
Gas or Vapor Relief
 

Program 21: User Instructions

a) Initiate program, press A.

b) Enter:

1. One (1) if the valve is to be sized for the fire case,
any other number if not Press R/S

2. One (1) if the valve is to be a bellows type, any
other number if not Press R/S

3. Maximum required flow through valve, pounds per

hour Press R/S

4. Valve set pressure, PSIG Press R/S

5. Back pressure before the valve opens, PSIG Press R/S

6. Discharge temperature at flow conditions, °F Press R/S

7. Compressibility factor, dimensionless Press R/S

8. Ratio of specific heats C,/C,, dimensionless Press R/S

9. Gas or vapor molecular weight, dimensionless Press R/S

c) Program calculates required relief area, square inches.
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d) Enter:
10. Selected valve area, square inches Press R/S

e) Program calculates the maximum backpress that main-

tains flow at relief conditions, PSIG.

Note: The E subroutine is available to re-enter data and recalculate.

 

Program 21: Tl 59 Data Sheet

FEEFREELLEEERERETREES EMTR DSCH TEMP =

RELIEF VYALYE GAS EHTE

EHMTR

EMTE 1 FORE FIRE CHSE

EMTR 1 FOE ] E LEZ ALY

EHTR FLOW  FFH

 

12005. CALC
ENTR SET FRSS PSIG 38.

20.

ENTE BRACE FRI: Foil EEFEEESEEEREREEERE

 

Program 21: Tl 59 Register Loading

PARTITIONING
479.59 C

D

|
E
E

—
0
0
0

cio -
13133817.

a. og i.

i. 01 i. az

0. ed 21243517. 2
0, 13 0 24d

od Lh. 25
05 0.

1
1

1

D)
i

L
O
D

-
]
o
T

1 " —
_

0
"

=
=

nw
on

f
t

p
t
p
t
p
b

To
CI

F
a

0
0
0

T
o
)

i
e
s

0
0
=
]
J

F
e
e
0

P
o
d
e
e
T
D
0

C
0
e
T

0
C
0
D
0
C
0
D
0
D
0
G
0

L
e
d
C
d

T
O
P
l
T
o

T
a
d

 

1
0

— -
J



  E
E

   

I

J
a

—

Fe
a

Fa
[3

F
A

1
a

fe
t

em
t
1
]

d
i
]

=
[
a

W
O
N
)
0
0

T
e
d

T
e
l
=

[1

t
e

[
0

b
e
s
e

CT
]
=

i
n

Y
o

0

Gas or Vapor Relief

Tid
Golo.

Ho,
1 Tu
Ivara
= :
o151.
=

n
n
n

O
n
C
n
C
n
C
n

C
n

i!
J
T

C
N

F
a
L
O
[
a
=

n
p

257

 

SUBROUTINES

ENTER & STORE
VARIABLES

1
h

h
m

a
l
)

[
a
]

“"
m
a
l

1
=

V
f
a
b
r
,

 

0s S
Qos =

4

=
_t
-=
§
c
pi}
=
=

i
—_

i
)

1   
    

   

    

J
T

   

    

IT
]

be
rt

[T
T]

be
rt

po
m

i052
gil Z IH
0iz 52 E

ais Fe El

aig 13 Df
is =

=

W
O
0

-
||
=
J
n

+

1

ais

nig

aig E

Jz ar

1
TA
D)

be
t

be
d
i
h

fo
e

fo
o

pom
be
f
k
f
k

f
h

W
A
T

     

“
J
T

1
m
e
]
b
e
0
0
e
s
0
0
=
]
C
m
]
C
D
)

i

Si

=
0

 

I

L
o
=

T

1
g

i
LL
L
b
e

h
m

.

T
e

1

o
y — o
O

-

Program 21: Tl 59 Listing

PRINT LINES

  
   

0z& Te LEBEL

nz7 19 IF
1] ai i

4
c

C
i

J
1

fe
t

   

o
i0az

[
a
l

J
a

PX
]

o
C

J
a L
o
n

wm
T
T

C
N

1

id Oo
r
o

w
p

I

T
n

=
)
2

F
a

e
e
=

E
d

V
T
n
n

i
)

=-
~
—

Sg
3

og

=

Ea]

fw

fds £3 0
i i i i

i [I   

I
Z

m
m

1   
   

ro

054 ig CF

0s e323 [0

T
D
i
T

00
0
=
f
a

     

e
n

T
T

e
e

L
A

a M
l

[o
t]

T
T

[
o
r
p
t

Fo
C
I
F
e

O
a
n
m

C
L

DECODE LINES

23 76 LBL

|
be
se

=
]

1
e
t
C
0
0

"

1

0

 

P
o
C
f
a

[o
at
v
0

0

   

PRINT LINE OF
STAR
1

  

BE

iis

oes

od

oss

EE

=

RE

ass

nes

3d

ost

V
O
T
D
C
T

V
o
m
]
T
T
a

0
0

T
r

O
0
0

D
r
n
D
g
D
D
D

t
e
D
e
n
D

C
0

0
0

W
O

f
e 2 I

f
n m
l

fo
e

102
ioz=

04

-E
VARI

wn
]

  

 

Z
n

a
)

L
O

ee
e
G
T
0
1

V
o
D
I
T

Tr-
1

P
B

n
i

© r
r m w

V
C
E

L
L
e
e

in
)

1
g

V
o
)
f
e

T
r
l

e
m
t
b
=
C
0
=
T
O
]

J
T

Je
e
w
y

1
m
n
T

SE
ora

& LEL
ie RE

w
r

E
N

T
T

d
q

4 = m ps

 

D
a
n
n
S
O
N

u
D
T
D

f
n
e
e

n
=



258 Pressure Relief Valves

105
106
107
108

109

STF CALCC 204 1
136 76 20% 19

1
1

0
0

Do
}

I
n
i -

i
r
a
~
m
mR35 157 24 206

GTO 15gE 532 2 i] 7

EE 159 0S
160 02
161
162LEL 16a

o
O

[o
d
=
=
=

T
n

—

,

n
d

0 > r 0 2 CALC k/(k—-1)

76 LEBEL
Sz EE

r RCL

— —
_
=

— o
T

I

— T
T

i
n

O
C

C
N
O
D

V
e
C
R
T
=
)

R
D

Q
S
T
d

F
d
=

0
a
C
n

V
T

e
s

a
W
d

b
b
e

p
h
e

fe
b
p
e

L
A
P
=
D
n
0

I w
l

J
P

T
D
TO

T
D
P
O
T
D

V
T

C
0
=
T
U

f
e
L
O
P
O
=
D

T t
e

J

b
=
]

r — =

c 1& i z a9 092

o as 167 01 55 +
Z 168 03 = 5 :

2 ReL 163 75 214 43 ROL
& le 170 12 ‘15 0% 09

17 : -
17
17

n
r
=

M
a

=
S
e
t
)

f
a
o
t

[a

V
L
0
0
0

e
a
f
u
(
T
d

0
[
a
d
e
y

LR I

F
o

Io
D
C
R
f
o
=
J
I
D

C
0
G
0
N
e

[
x
]

P
d
=

|
=
=

r
o[a

]

F
y
n
D

C
0

Po
de
d
e

fd
s

po
ke
f
k
f
o
f
k

po
h

po
de

fo
d

po
ke
p
b

po
ds
f
t

po
h

To
dt

T
o
d

T
o
l

To
ll

To
l)

be
e
t
e

p
t
e
p
t
k
e

fo
d

pt
e

pt
e
p
t
a
t

F
l
fo

=
f
C
d
f
e

J
o
u
T
e
l
o
e

(2/(k +1))(k—1) 521

w
n

o
w
)

Fa
—
I
o
C

o
n
o

 

f
o
f
o
o
O

3

RCL

== 5 CALC 2/k
32 RTH sq

174 7& LEL
CALC K, 175 iz EB

ive 53 CALC (k+1)/k
5 TE LEL 177 S32 a

5 z3 CLR 17a 02 2 0s 09
5 53 EE 85 +

3 42 RCL Tm 0 1
ce 15 3 02 =
Bl 12 5 + 43 RCL
3 = . 13 i i 0a 3

18 4 z
i= 3 =

ig 5 =

1s 3
18
14
19 T

D
C
0
T
B

DD
F
e
e
f

00
=)
T
o

F
b
e
h
b
h
f
h
f
b
b
k
p
b

pe
te

fe
de
f
t
p
b
f
b

po
d
f
k
p
e
d

S
N
E

fa
fa
O
L
N
D
0
0
2
0

C0

S
F
D
O
0

C
a
l
D
0
D
0
0
0
0

D
0
0

P
D
T
l
P
T
O

T
d

Z
l

T r T r

2
0
0

O
0
0
T
T

e
e

1
0
T
l

be
s

J
o

o
n

oz

a5i e WE o :
142 42 RCL MAIN PROGRAM 43 RC

I
T
d

w
o
r

 

143 25 25 ENTER DATA 039

149 5% 192 TE LBL 35
145 S54 3 193 ii A dz =T0

1de 34 I= iad 22 THY ad 24

147 £3 195 26 STF
148 07 7 26 01 0
143 03 3 as og CALC OVERPRESS
tao 05 35 198 42 570 FACTOR
jon =f 19% a1 0f 2 71 SER
122 dE RLL zoo oz oz 241 24 CE
33 26 26 201 0% a = 17 S10

179s 34 2 202 42 570 243 26 26
155 92 ETH 20 58 5 = 01 1

 



 

 
 

F
d
=
]
a
0

C
I

ee
e
T
o
l
)

L
a

-
-

o
o
n

0 —

L
h
e b
e
(
0

 

 

=
CI

F
a
0

T
r
e
e

(
2
0

1

 

w
T

b
e
f
o
J
T
]

J
a
0

C
O
e
s

0
0
L
T
E
e

I

 

a
a
l

A
p
a

fe
eb
T
H

e
t

me
e]
[
0

J
o
T
T
e
s

fe
te
1
7
H
]

r
e
r

   

C
O
L
E
E
O

E
a

T
a

E
a

F
a

F
a

C
a

00
To
y

be
e
E
o

“
a

J
f

R
N

[a
l
~
I
r
o
m

=

  
 

ENTER VALVE AREA

   
   

o
e

(
|=

0
0
=
]

0

be
be

f
o
0
0
0
2
0

T
C
I

es
e
0

CALC

=

I
o
"

16
TO
&

 
 

W
d

L
a
l
a
d
a
d

0
)

f
a
d

n
D
n
y

C
L
O
T

D
0

f
e
i
T
)

C
o
n

C
n
G
o
=
a
T

b
t

Ba
l

—
L
o
m
m

n
r
e

L

    
O
L
D
0

D
0

0
e
t
V
g

    
 

C
T

f
e
T
L

 

A
Z
I

L
y
e
n
e
D
t
e

 
Gas or Vapor Relief 259



260 Pressure Relief Valves.
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447 15 15
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450 42 STO

451 21 21
452 50 I=xI
452 77 GE

454 232 LH=
455 432 RC
456 12 z
457 65 XH
458 V1 ZEE
459 22 IHY
460 750 -
461 Ot i
dz O05 4
d&z 9%,
464 07 7

4£5 95 =
4&6 76 LEL
457 6&1 GTO
GEEZ 99 PRT

459 42 S70
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472 93 RADY
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474 432 RCL
475% 14 14
476 31 BESS

 

Program 21: HP 41CV Data Sheet

fc ve ofc ofc ak =e fe He he ok dk

*RY GRS#*

He de ofc oe se ok ok ok AK ok ook

ENTER 1 FOR FIRE CASE
0.6898  *ix

ENTER 1 FOR BELLNS YALYE
8.8008 «x»

ENTER FLOW PPH

12,085.0088  **«

ENTER SET PRSS PSIG
50.6988 sxx

ENTER BACK PRSS PSIG
2.0000 =i

ENTER DISCH TEMP DEG F
100.0008 $1

ENTER 2
8.9358 "He

ENTER CP/CY
1.8244 =

ENTER MMW
98.0008  #x«

CALC BRERA
S&@ INS

1.7667 #3»
ENTER VALYE AREA SQ INS

1.8386 os
CALC MAX BR
CK PRSS PSIG

38.0199 ax

ofc 2c oe A de se of ofc oe ae He ok

 

Program 21: HP 41CV Register Loading

SIZE 080

ROB= 8.000040
RO1= 9.080800
k62= 0.000880
Re3= 0.090000
R84= 0.098000
R85= 0.000000
RA6= 0.090000

RO7= 9.000000
Ras= 6.000008
R@9= 8.000000
Ri8= 8.000000
Ril= 0.080000
R12= 0.000000
R13= 0.600008
Ri4= 0.006000
R15= 0.600000

R16= 8.080008
R17= 0.000000
R18= 0.000088
R19= 9.000008
R28= 0.000000
R21= 9.000000
R22= 0.000080
R23= 8.000808
R24= 0.000000



R25= 0.008800
R26= 0.0908800
R27= "1 FOR *
R28= “FIRE C*
R29= "RSE *
R38= 46.470008
R31= 57.272829
R32= §7.275851
R33= 57.525308
R34= 57.546861
R35= 57.626861
RI6= 57.636463
R37= 57.6608008
R38= 57.738888
R39= 57.670088
R48= 0.000009
R4i= 56.686908
R42= 57.516869
R43= 9.880080

R4d4= 56.707172
R45= 0.980020
R46= = RY
R47= “GAS* *
R48= 0.000000
R49= 0.000080
R38= “BELLNWS®
RS1= = VALVE"
RS2= “FLOM P*
R33= “PH .
R54= = SET P*

RSS= “saxxss”

RS6= CALC -
R57= ENTER *
R38= 44.808000
R59= 0.060000
R68= “RSS PS
Ré1= “IG :
R62= “BACK P*

Gas or Vapor Relief 261

R63= =DISCH *
R64= TENP D*
R6S= “EG F
Re6= = 2°
R67= = MN
R68= = AREA *
R69= -S@ INS"
R78= MAX BA"
R?1= “CK PRS*
R72= =S PSIG"
R73= =CP/CY *
R74= 9.000809
R75= 8.600000
R76= 0.808000
R77= 8.809008
R78= ©.000800
R79= 0.800008

 

SUBROUTINES
B1eLBL “RY GRS-
82 GTC A

PRINT LINE OF
STARS

@3eLBL a
84 FC? 55
85 RTN
86 53.55
87 Any
#8 SF 12
89 EQ b
16 RADY
11 RIN

PRINT LINES

12¢LBL d
13 SF 12
14 1
15 ST+ 58
16 RCL IHD 58
17¢LBL b
18 STO 59
19 CLA
284LBL ¢
21 ARCL IND 39
22 RCL 59
23 FRC
24 100

25
26 STO 39
27 X#0?

28 GTO ¢

Program 21: HP 41CV Listing

29 FC? 55
38 GTO 81
31 PRA
32 CF 12
33 RTN
34eLBL 81
35 CF 12
36 AYIEW
37 RTN

PRINT & STORE

VARIABLES

33eLBL e
391
48 ST+ 58
41 RCL IND 58
42 X=8?
43 G70 d
44 EQ b

45 1
46 ST+ 81
47 RCL IND 01
48 TONE 9
49 FS? 09
58 GTO 81
51 STOP
52 STO IND 81
S3eLBL 81
54 Xea J
35 GTO e

RE-ENTER
VARIABLES

564LBL °REENTER®
57 RADY

58 1
59 +
68 STO 91
61 RCL IMD 81
62 %EQ J
63 STOP
64 XEQ J

65 STO IND 81
66 ADY
67 SF 29
68 SF 62
69 STOP
76 GTO 82

BYPASS PRINTER

71eLBL J
72 FC? 55
73 GTO 81
74 PRX
75 RIN
76eLBL 91

77 VIEW ¥
78 RIN

CALC P,

79¢LBL F
88 RCL 8S
81 RCL 16
82 »
83 14.7
84 +

85 RIN
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CALC K,
86¢LBL G
87 RCL 12
83 RCL 24
89 YX
98 RCL 12
91 RCL 25
92 YX
93 -
94 RCL 22
9% *
96 SART
97 735
98 «=
99 RCL 26
188 /
101 RTN

CALC C

182¢LBL H
103 1.213
184 XEQ B
165 -
186 520
167 =
1688 RTH

CALCC

199+LBL B
118 2
111 ENTER
112 RCL 89
113 1
114 +
15 7
116 RCL 22
17 vex
118 RTN

MAIN PROGRAM

ENTER DATA

119¢LBL A
120 1
121 S70 1
122 29
123 STO 58
124 XEQ a
125 XEQ d
126 XEQ a
127 ¥EQ e
128 CF 92

AIR CALC k/(k—1) &
CALC (k+1)/k

129¢1BL 62

130 10
131 S70 01
132 41
133 ST0 58
134 RCL 89
135 RCL 89
136 1
137 -
138 7
139 ST0 22
140 RCL 89
141 1
142 +
143 RCL 99
144 /
145 ST0 25

CALC 2/k

146 2
147 RCL 89
148 /
149 STO 24

CALC OVERPRES
FACTOR

150 XEQ H
151 STO 26
152 1
153 RCL @2
154 X2Y?
155 GTO 61
156 1.2
157 GTO 82
158¢LBL 81
159 1.1
168¢LBL 82
161 STO 16

CALC

162 RCL 83
163 1
164 X=Y?
165 GTO @1
166 RCL 86
167 14.7
168 +
169 XEO F
170 /
171 STO 23
172 Xe@ B
173 STO 12
174 S70 21
175 RCL 23
176 OY
177 X>y?
178 GTO 83
179 RCL 23
188 STO 12

CALC K,

181 XEQ CG
182 GTO 62
183eL6L 61
184 RCL 65
185 -.04
186
187 EtX
188 -.3
189 »
199 1.6
191 +
192 ST0 17
193 RCL 66
194 RCL 65
195 7
196 1.18
197 =
198 -
199¢LBL 82
200 1
201 XOY
282 ¥(=Y?
203 GTO 01
204¢LBL 83
285 1
286¢LBL 81
2087 STO 13

CALC A

293 RCL 07
209 460
210 +
211 RCL e8
212 *
213 RCL 19
214 /
215 SORT
216 RCL 84
217 »

218 RCL 26
219 /

228 .953
221 7
222 XEQ F
223 /
224 RCL 13
225 /
226 STO 14
227 XEQ J

ENTER VALVE AREA

228 XEQ e

CALC BACKPRES
BELLOWS VALVE

229 RCL 21
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238 STO 12 CONV VALVES 266 Xe@ F
231 RCL 14 267 *

232 RCL 11 249¢1BL C 268 14.7
233 7 256 RCL 21 269 -
234 RCL 13 51 1 276¢LBL I
235 * 252 + 271 S70 18
236 STO 1S 253 SORT 272 XEQ J
237 1 254 ST+ 12 273 FS? 82
238 RCL 83 255 XEQ G 274 STOP
239 X#Y? 256 RCL 15 275 CF 69
248 GTO C 257 - 276 XEQ a
241 RCL 17 258 PSE 277 RCL 14
242 RCL 15 259 STO 21 278 VIEW ¥
243 - 268 ABS 279 BEEP
244 1.18 261 .@81 280 ADY
245 / 262 XOY 281 STOP
246 RCL 8S 263 X>Y? 282 END.
247 = 264 GTO C
248 GTO I 265 RCL 12

 

Program 21: Sequence of Calculations

1. Calculate pressure ratio."

P, oo Co 2 k/k—1

r= 5 limited to a minimum of ——
k+ 1

2. Calculate the specific heat ratio coefficient.’

2 (k+1)/(k—1)

k (=) = 520(1.213 - r)

 

3. Calculate back pressure correction factor.

Conventional valves:'

735 F
K, = oc Vi-r

 
 

where

k 1 _=

F., = 2/k

? (5 —- ) =) 1—r

Bellows valves:

K,=16- 3¢%P,— 1.187
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4. Calculate required relief area.’

Ww, T,Z :
= —————— /—— square inches

953 CP, K, M

5S. Calculate maximum allowable back pressure for selected valve area.

A
maximum Kk, = —— X K

® selected A b

Conventional valves: Iterate 3A to find r, then

maximum back pressure = (r X P,) — 14.7 PSIG

Bellows valves:

Py (1.6 — 3¢Py) — max K,
 maximum back pressure = PSIG

1.18

Program 21: Nomenclature

H
Y
m
I
I
R
T
N
Q
>

3
N
=

Relief area, square inches

Specific heat ratio coefficient, dimensionless

Back pressure correction factor, dimensionless

Ratio of specific heats C,/C,, dimensionless
Molecular weight, dimensionless

Set pressure, PSIG

Relieving pressure (P,, X overpressure factor + 14.7), PSIA

Back pressure, PSIA

Pressure ratio, dimensionless

Relief temperature, °K
Flow through valve, pounds per hour

Compressibility factor, dimensionless

The overpressure factor is 1.2 for fire conditions, and 1.1 for all other.

Literature Cited

1. API RP520 Part 1, Design, American Petroleum Institute, Fourth Edi-
tion, 1976.
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Physical Properties of Hydrocarbon Vapor
 

 

 

 

 

 

 

 

 

 

 

k*

(C,/C,) M

Acetaldehyde 1.14 44.05

Acetic acid 1.15 60.05

Acetylene 1.26 26.04
Air 1.40 28.97

Ammonia 1.33 17.03

Argon 1.67 39.94
Benzene 1.12 78.11

Butadiene 1.3 1.12 54.09

n-Butane 1.094 58.12

iso-Butane 1.094 58.12

Carbon dioxide 1.30 44.01

Carbon disulfide 1.21 76.13

Carbon monoxide 1.40 28.00

Chlorine 1.36 70.90

Cyclohexane 1.09 84.16

n-Decane 1.03 142.28

Dowtherm A 1.046 165.00

Ethane 1.22 30.07

Ethyl alcohol 1.13 46.07
Ethyl chloride 1.19 64.52

Ethylene (ethene) 1.26 28.05
Freon 11 1.14 137.37

Freon 12 1.14 120.92

Freon 22 1.18 86.48

Freon 114 1.09 170.93

Helium 1.66 4.00

n-Hexane 1.06 86.17

Hydrogen chloride 1.41 36.50
Hydrogen 1.41 2.016
Hydrogen sulfide 1.32 34.07

Methane 1.31 16.04

Methyl alcohol 1.20 32.04
Methyl butane 1.08 72.15
Methyl chloride 1.20 50.49

Natural gas 1.27 19.00

Nitric oxide 1.40 30.00

Nitrogen 1.40 28.00
Nitrous oxide 1.30 44.00

Nonane 1.04 128.25

n-Octane 1.05 114.22

Oxygen 1.40 32.00
n-Pentane 1.07 72.15

Propane 1.13 44.09
Propylene 1.15 42.08
Steam 1.324 18.02

Styrene 1.07 104.14
Sulfur dioxide 1.29 64.06

Toluene 1.09 92.13
 

*k-values at 14.7 PSIG and 600°F.
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Program 22
Steam Relief—Boilers and Unfired Pressure Vessels,

Known Flow
 

Program 22: User Instructions

a) Initiate program, press A.

b) Enter:

1.

2.

3.

4.

5.
6.

7.

Applicable ASME section—38 for unfired pressure

vessels, 1 for power boilers

One (1) if the valve is to be sized for the fire case,

any other number if not

One (1) if the valve is to be a bellows type, any

other number if not

Maximum required flow through valve, pounds per

hour

Valve set pressure, PSIG

Back pressure before the valve opens, PSIG

Superheat degrees, °F
¢) Program calculates required relief area, square inches.

d) Enter:

8. Selected valve area, square inches

e) Program calculates the maximum back pressure which

maintains flow at relief conditions, PSIG.

Press R/S

Press R/S

Press R/S

Press R/S
Press R/S

Press R/S
Press R/S

Press R/S

Note: The E subroutine is available to re-enter data and recalculate.

 

EH ZET PESS PSIG

200,
RELIEF “ALYE STESRH EMTR BACK PRIS PSIG

ee EHTR  SUFERHERT oFSR an

Gr CALC AREA INE

i CASE IHz

 

Im

   
a.

MTR 1 FOR ELMS “ALY
a.

ENTE FLOM FFH
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Program 22: TI 59 Register Loading

PARTITIONING
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Program 22: TI 59 Listing
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Program 22: HP 41CV Data Sheet

oe He oe oe fe fe oe He of de ok ok

*RY STEAMx*

a ofc of afk ok oe of oe He oe ok ok

ENTER RSME SECTION NO
8.0000 ux

ENTER 1 FOR FIRE CASE
8.0080 xx

ENTER 1 FOR BELLNS YALVE
8.0000 2%%

ENTER FLOW PPH
20,000.0008 sxx

ENTER SET PRSS PSIG
200.6000 =

ENTER BACK PRSS PSIG
2.0000 x

ENTER SUPERHEAT DEG F
140.0060 =

CALC
S&@ INS

1.9029 x
ENTER YALYE AREA S@ INS

2.8538 3%
CALC MAX BA
CK PRSS PSIG

192.5486 3%

ARER

3 de 2b: de ok ak a sk de ke ok
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Program 22: HP 41CV Register Loading

SIZE 080 R26= 0.000900 RS3= *PH  *
R8e= 9.000000 R27= *1 FOR * R94= - SET P*
RO1= 0.000000 R28= “FIRE C* R95= “*sksxs"

R82= 8.888099 R29= “ASE RS56= °CALC *

Ré3= 8.0a0804 R3A= 46.470080 RS7= “ENTER *
Re4= 2.800094 R31= 57.666773 RS8= 9.060000
ROS= 9.0aAR8R R32= S57.27282 R59= 0.000000
RO6= 0.080000 R33I= 57.279051 R60= “RSS PS"
R@7= 0.880080 R34= 57.525308 Ré1= "IG *
RE8= 0.888008 RI5= 57.546061 R62= “BACK P*
R89= 0.080088 R36= 57.6260861 R63= = SUPER"
R18= 9.880080 R37=  57.636465 R64= “HEAT D-
Ri1= 0.800800 R3%= 0.080009 RES= "EG F °
R12= 9.800808 RI9=  56.6369090 R66= "ASME S*
R13= @.000088 R40= 57.516869 R67= “ECTION®
R14= 9.089098 R41= 9.090000 R68= = AREA *
R15= 9.088A0Q R42= 56.787172 R69= =S@ INS"
R16= 0.88R088 R43= 2.000090 R78= “MAX BA"
R17= 0.808009 R4d= 56,7087172 R71= “CK PRS*
R18= 0.890099 R45= 0.000000 R72= *S PSIG"
R19= @.8A0608 R4h= = *RY S* R73="N0 *
R20= 9.000409 R47= “TEAM* * R74= 0.090000
R21= 9.886208 R48= 0.000000 R75= 0.000600
R22= 9.880080 R49= 9.000008 R76= 0.008090
R23= 6.600089 R59= “BELLMS® R77= 9.090000
R24= 0.080000 RS1= = VALVE" R78= 0.000000
R25= 0.000898 RS2= “FLOW P* R79= 0.009040

 

Program 22: HP 41CV Listing

SUBROUTINES 19 CLA 48 ST+ 58
) } 200LBL © 41 RCL IND 58

oe H STH 21 ARCL IND 59 42 X=9?
22 RCL 59 43 C10 d

PRINT LINE OF 23 FRC 44 XEQ b
STARS 24 189 51

25 * 46 ST+ 91

B34L8L a 26 ST0 59 47 RCL IND 91
84 FL? 55 27 Xe? 48 TONE 9
8 RIN 28 GT0 ¢ 49 FS? 98
8 35.53 29 FC? 55 58 G0 0
87 ADY 38 GTO 01 51 STOP
83 SF 12 31 PRA 52 STO IND 81
89 XEQ b 32 OF 12 S3eLBL 01
18 ADY 33 RIN 54 %EQ J
11 RTH 344LBL 01 55 GTO e
PRINT LINES 35 CF 12 RE-ENTER
126LBL 4 3 ai VARIABLES
13 SF 12 3 SeeLEL "RENTER"
141 57 ADY
15 ST+ 58 PRINT & STORE 58 1

16 RCL IND 58 VARIABLES 59 +
176LBL b BeLBL © 68 STO 91
18 570 59 391 61 RCL IND 81
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62 XEQ J
63 STOP
64 XEQ J
65 STO IND 81
66 ADY
67 SF 08
63 SF 82
69 STOP
78 GTO @2

BYPASS PRINTER

71eLBL J
72 FC? 55
73 GTO 61
74 PRX
75 RTN
76eLBL 81
77 VIEW X
78 RTN

CALC P,

79¢LBL F
88 RCL @6
81 RCL 16

82 *
83 14.7
84 +
85 RIN

CALC K,
864LBL G
87 RCL 12
88 1.5
89 YX
98 RCL 12
9 1.75
92 YX
93 -
94 SORT
9% 4.19
9% *
97 RIN

MAIN PROGRAM

ENTER DATA

984LBL A
91

1080 STO 61
101 29
162 S70 58
193 REQ a
184 XEQ d
1685 XEQ a
166 XEQ e
107 CF 82

CALC OVERPRES
FACTOR

1688+LBL 62
199 8
118 STO 81
111 39
112 STO 58
13 1
114 RCL 02
115 X=Y?
116 GTO 83
17 1
118 RCL 83
119 Xv?
128 GTO 81
121 1.2
122 GTO 82
123¢LBL 83
124 1.83
125 GTO #2
126¢LBL #1
127 1.1
128+LBL 82
129 ST0 16

CALC Kgy

138 RCL 88
131 .08084
132 =
133 XEQ F
134 LN
135 RCL @8
136 =
137 .98012
138 «
139 -
140 |
141 +
142 STO 11

CALC

143 RCL 84
144 1
145 X=Y?
146 GTO 81
147 RCL 07
148 14.7
149 +
196 XEQ F
151 7
152 STO 23
153 .539483
154 STO 12
155 ST0 21
156 XY?
157 GTO 83
158 RCL 23

159 STO 12
168 XEQ G
161 GTO 82

CALC K, BELLOWS
VALVE

162¢LBL 81
163 RCL 86
164 -.04
165 *
166 EtX
167 -.3
168 *
169 1.6
176 +
171 $70 17
172 RCL 87
173 RCL 06
174 /

175 1.18
176 =
177 -
178¢LBL 82
179 1
188 XOY
181 X(=Y?
182 GTO 01
183¢LBL 83
184 |
185¢LBL 01
186 ST0 13

CALC A

187 RCL @5
188 49
189 /
190 XEQ F
191 /
192 RCL 13
193 /
194 RCL 11
195 7
196 STO 14
197 XEQ J

CALC BACKPRES
BELLOWS

198 XEQ e
199 RCL 21
200 STO 12
201 RCL 14
202 RCL 89
203 /

204 RCL 13
205 *

206 STO 15
207 1
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208 RCL 84 221 1 239 14.7

209 Xz? 222 + 240 -
218 GTQ C 223 SORT

211 RCL 17 224 SORT
212 RCL 15 225 ST* 12 COMMON ENDING
213 - 226 XEQ G 241eLBL I

214 1.18 227 RCL 15 242 S10 18
215 228 - 243 XEO J

216 RCL 86 229 PSE 244 FS? 82

217 « 238 STO 21 245 STOP
218 GTO I 231 ABS 246 CF 00

232 .a8t 247 SEQ a
233 SOY 248 RCL 14

CALC MAX 234 OY? 249 VIEW ¥
BACKPRES 235 GTO C 258 BEEP

STANDARD VALVE 236 RCL 12 251 ADY

219¢LBL C 237 XEQ F 252 STOP

228 RCL 21 238 = 253 END

 

Program 22: Sequence of Calculations

1. Calculate pressure ratio.’

|
oo

r =

2 k/(k—1)

2 limited to a minimum of oy
k+1v

= .5395

2. Calculate back-pressure factor.

Conventional valves:!

4.19 \/r'5 — p18K,

Bellows valves:

K, 1.6 — 3e* P, — 1.18r

3. Calculate superheat correction factor.

Kg, = 1 + .00004T,, — .00012 Tg, log P,

4. Calculate required relief area.’

A = ————— squareinches
49P Ky K,
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5. Calculate maximum allowable back pressure for selected valve area.

A
maximum K, =—X

> selected A

Conventional valves: Iterate 2A to find r, then

maximum back pressure = (r X P;) — 14.7 PSIG

Bellows valves:

Py (1.6 — 3¢%P,)— max K,

1.8
PSIG maximum back pressure =

Program 22: Nomenclature

A Relief area, square inches

k Ratio of specific heats C,/C,» dimensionless

K, Back-pressure correction factor, dimensionless
K, Superheat correction factor, dimensionless

P,, Set pressure, PSIG
P, Relieving pressure (P,, X overpressure factor + 14.7), PSIA

P, Back pressure, PSIA

r Pressure ratio, dimensionless

T,, Superheat, °F

W, Flow through valve, pounds per hour

The overpressure factor for ASME Section I, Power Boilers, is 1.03. For

ASME Section VIII, Boiler and Pressure Vessel Code, it is 1.2 for fire
conditions and 1.1 for all others.

Literature Cited

1. API RP520, Part 1, Design, American Petroleum Institute, Fourth Edi-
tion, 1976.
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Program 23: User Instructions

a) Initiate program, press A.
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b) Enter:

1. Eight (8), if ASME-coded vessel, any other number

if not

2. One (1) if the valve is a bellows type, any other

number if not

3. Maximum required flow through valve, pounds per
hour

Specific gravity at flow temperature, dimensionless

Absolute viscosity, centipoises

Valve set pressure, PSIG

. Back pressure before valve opens, PSIG

C) Program calculates required relief area, square inches.
d) Enter:

8. Selected valve area, square inches

e) Program calculates the maximum back pressure which

maintains flow at relief conditions, PSIG.

N
o
w
a

Notes:

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

1. The E subroutine is available to re-enter data and recalculate.

2. After entering the valve size, a viscosity check is made. If the selected

valve is too small it will ask for another size. If there is a viscosity

correction but the size is acceptable, it will print out the viscous size.

 

Program 23: Tl 59 Data Sheet

LEFEE FEES EEEE LE EE EE

 

RELIEF WALYE LIQUID THz

ENTR & IF ASME CODE nN

ENTR 1 FOR BLU ALY anniebissEraas

ENTE FLOW FPH
125000 RELIEF “ALYE LIQUID

ENTR 55

EHTE Ea CF PREEEESLEERREREEEEE.

ENTE SET FRSS PSIG NTF & IF ASME CODE

EHTR BAChPRSE PELE EHTR 1 FOR ELIE YALYEHLE
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EHTR FLOW FFH
125000,

  EHTE iMe

EHTE FIG

ENMTE FSI

 

Program 23: Tl 59 Register Loading

PARTITIONING
479.59 20

a. fu 21
a. 01 32
0. oz 33
i. = 24

a. od a5

0 a5 SE

i. oe 37
a Ov 38
i. a 29
a. o 40

Lr. 41
4
3

V
T

n
n
w

od
e

fo
bs

for
ks

fou
ebe

fu
ss

for
se

00
C0
0
=
0

F
e

1
0
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e
d

e
e
e
C
0
0

0
0

5

46,
0. =
0. 45
a. 49
i. 50

R
E
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=
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Program 23: Tl 59 Listing

SUBROUTINES aoz 29 CP aos 22 IY
PRINT & STORE ooz oor 009 59 IMT
VARIABLES ood 44 SUM 0i0 52 EE

ons 52 52 011 22 IHY
ooo Ye LEBEL Qe 73 RCs 012 52 EE
aol 10 Ef aod 55 S82 ais &7 Ed
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y 7 OES a 59 42 570

= avo 2 THY 01 01
a |w

g
=
)

m
-

—

p
o
e
D
0
=
J
a
D
0

J
a

I

V
d

L
l
e
e

0
0
=
0
)
C
C

0 - a =

t
t

p
h
p
t

be
t
p
b
p
k
e
b
b
h
e
b
p
k
p
t

Fo
r

10
00

Pl
t

Pl
t

To
ll
e
e
b
e

po
m

bb
e

pt
e
f
t
e
e

pt
e

3 ¥
i | | 2

3 OF aya 3 as 9

2 21 Oya 3 549 42 =T0O

TI RC# ov 73 RCE Oo S58 58
0 ai oys 59 59 1 ie A

= IFF ove 92 ETH 2 12 0°
Oo 00 Zz 1a R®
oo oo PRINT LINE OF J io g*
3 a1 STARS

3 Fs O77 TE LEL CALC K,

2 STE = =
0 a1 avs oan. i LEL
v Fis oso oo 0 -

L
L
b
e
e
n
T
0
T
T
Z
L

Pr
os

t
2
2
0
=
0
2
0
0
0
0
0

V
o
0

be
h
0

[0
1

be
t
p
e

    

b
t
I
T
L
L

= m
o

0
N
N
f
a

o
o

V
o
n
=
D
L
a
m
m

o
O

7

~
~
J

0
a

J
T
0

Ta
l0
0

e
e
T
U

Q
D
0
0

To
dn
D

D
0
P
T

PRINT LINES 0
28 = LEL I

| RE-ENTER
VARIABLES

ve LEL
E

FET
+

1
2
0
D
0
D
0

0
0

=
J
T

n
N
J
a

v
0

F
a
0
0
T
T

o
e

1
0
0

 

x
) a

—

—
r
—
_

= T

   

o
n

1
0
0

W
D
0
D

o
D

s
k
O
D

= A

wm
I
N
T

n
y

2
0
T
J

Tn
I

1
) 1

Z
N

Fo
e
0

Tr
ed
b
e

J
o

0
r o
w
)

—
|

O
a

L
V
0

0
0
n
D

m
r

o
l L

W
C
=

C
N
L
n

1
=
)
T
n

D
o
d

o
D
O
O

—
!

—
_

O
n
0

n
D

n
D

n
L

a

AL i 2 -
)

0 J = +

I

W
L

C
n
C
N
)

L
N
f
e
e
e
=
O
T
)
L
e
C
e
e

r
T
o
d
L
I
a
D
F
a

0
0
0
0
0
0
0
0
C
0

To
o
D
e
C
0
=

n
T
0
0
C
r
n
D
T
l
m
d
T
T
0
0

F
a

e
e
0

o
T

m
a
n
n

H
A

— W
Z AL

To ST+#

01

FET CALC K,,
H I We

STF 150

oo

STF
01

FS

E

 0
)

To
o
C
T
b
e

To
l

T
T
a
T
0

00
0

P
o
l
=

|

a
-

m

=
Do

e
n
o
n

V
0
0
a i —

2 W
o

a
o

p
t

|

L
l

 

— 0

Lo
t

[o
d

V
D
D

L
D

V
T

e
s
T
T
s
e

C
a
o

T
T
w
i
m

[a
0

—

|
Z
Z
F
t L
T

0
0
0
L
L

— = D
l

a
t

T
o
a

2
0

0

P
t

pe
de

fe
te

0
a—
! Ln
1

V
T

e
e
1

F
t

1
2
0

N
n

V
0

D
l
} n

a
c
m
o
w

A — “
i
T

=
0
0
0

f
o
t
=
—

To
L
N

V
I [n
y

V
T

a
o
o
m

—

\

a Zn1,

F
Q
t
=
2
0
0
0

W
J

I
!

i
T

 

RTH MAIN PROGRAM
INES ENTER DATA

Oes FE LEBEL 10% 7& LEBEL
ig o° iio 11 H

01 i 111 22 INV

n
e
a
n
a
n
a
n
o
n
a
n
o
n

e
n

V
o
C
0
=
T
e

O
n
f
a

rE

9
0

0
->7

1

T
T

|C
C

bt
s
p
h
p
d
f
h

p
b
p
h
p
k
p
d
f
e

[n
g]

=



278 Pressure Relief Valves

    

  

12 93 Zle 95 = ZEEE 24 24
1d 02 2 217 42 STO 267 79 -
165 ES 21s 20 20 262 432 RCL
166 432 RCL 219 42 =70 Zed 1&8 18
167 08 02 zz20 19 19 2vys 55 +
162 55 221 wl GTO 275 42 RCL
169 432 RCL 222 32 oad 277 18 1=

iyo oF ov 278 45 y¥
i7 95 = zZra 92.
172 22 IMY } 00017 SS 14 4
> 7 Le SUBROUTINE TO TT

CALC K, E =

23 76 LBL
5 I    

A
C
O
E
D
L
I
T

f
e

0
0
T
l
e
e

 

P
e
f
b

fe
de

po
ke
f
o
l

o
J
=
)

oe)
en]

i

£

V
o
T
D
0

T
D
e
e

J Da
}

  

V
o
d
e
L
N

V
s
o

Po
l
J
N
F
e
o
D
G
0
C
I
C

D
O
O
I
E
e
C
0
U
I
T

D
0
0
L
D

     

  

1
o
i
0

H
e

R
C

a
T
e
e

T
T
Z
T

w
o

L
lD
n
}

[3

T
e

T
o
e
o
]

=
N
P
C

A —_ ==

V
T

D
0
=
L
n
E
e

I
f
e
J
N

1

p
e

fo
l
7
0

el
L
a
r

—
~
0
a

ah
) 2 Z =] >

Ta Lt

L
D

d
T

20
0
0

S
S
T
D
0
D
D

|

I—
) n

L
n
i

0

 

w
o A rn |

eX

\ 1

i
I

w
n

I

a

S0522 THY 305 5% PRA
me
)
b
e
G
0
=
)

0
To
dt
0
0
F
a

s
e

w
D
0

V
o
r
0
0
]

i
T

O
T
G
F
G
0

Ta
le
e
e

J T
a

c
a

w
o

T
m

ce
e
e
]

T
T
]

W
I
C — i
t

(
i

a LI
T
L
l

on

201 43 RCL

 

r 1 Ja

V
F
C
D
D
Z

L
N
D
D

f
a

   r |

=e 5 4 40 40
203 az 2 22 THY
2 . 70 a9 IMT
20% z 77 GE o +

20s a iT PAR N} =
SN bs 5% a1 1 1 7?
20s RCL SS 32 WHT

99 432 RCL

WT [
I

o
o

—

1

a
m

i
Y
T
T
T

o
w

T
a
D1

=
)

0
0
D

B
a
e
e
n
f

=
J
0
=

=
]
n
D
d
m

L
T
d
l
C
n

0s 02 23 LH

=
T
p

F
o
F
u

F
u
D
0
C
O
L
A
]
a

Z
A
C
A
T
d
G
e

D
a
n

b
o
o
0
0
]
J

 

L
d
n
C
n

C1
E
E

0
ET

D0
Ga

G0
D
E
G
C

Ga
D
d

[
i
l
b
e

b
e
t

p
r
e
p
e

pt
e

.
|

n
L

[
u
p

— I —_ -o
T

D
i
y
I
E
E
C
)

F
e
0

TO
Tr

I
t
G
e

0
0
C
0
0
0
C
0
a
l



wo
m
a
r

=
u
d

=
r

H
D
A

s
d
L
E
=

L
T

a
T
u
o

V
a
0

w
r

4
0
a
m

 

W
O
T

u
O
T
d
n
D

f
u 0
1

p
t
e
d

CALC Ais

    

   

 

7
)

T
H
h
w |
3

n
e
l

m
e
n
r
d

4
R
C

4z

1
C
o

[n
g]
I
e
o
t

mn
)

Td
/

—

i 20

7 GE
4 SIM

I RCC

2 G2

i7 EB
ZF

CALC MAX
BACKPRES

252 TA LEL

259 44 ZH

Liquid Relief—Known Flow

 

   

 

     

 

    
  

 

  

432 RCL
43 33

3 iv BS

Jes 01 1
Jed 93,

eS oz 2

3K as 5
SF a5 ES

43 FECL
a7 ay

Fa -

52

43 RIL
ie 1&

a5 +

43 RCL
is 0s

5 =

1
3

0
F
o
L
L
)

T
T
T
)

f
e
L
R

o
l

I
N

W
Z

o
b
s

f
o

b
e
C
P
D
C
T
G
n
0

TO
i5

1

 

Si
4 Ta -
by _.

az az
=

ol
b
e

—

 

aE,
a= 3

29s Oe A

33 TS -
400 33 RCL

401i zz zz
402 £5 x
403 43 RCL

$04

403
408

407
40

409
410

411

1
f
a
L
e =
]

A
n
o
l

w
o

1
J
e
i
T
,

w
d
L
d
C
R
C

n
D
D
l

a
l

T
e

—
a
r

412 55 =

412 01 1
414 az

415 oz z2

416 95 =
417 32 217

    

413 43 RCL

413 15 15

420 32 0=8iT
421 22 THY

422 77 GE
423 432 RCL

424 32 H&S

425 F& LEL

325 43 RCL

127 42 =2T0
422 15 15

422 Ve LEL
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432 15 1%
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474 37 IFF
435 01 Oil
455 a8 SIH

427 22 THY
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d=3 00 00

440 F& LEL

441 33 SIH
442 18 RA*

443 93 RADY
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445 43 RCL

448 17 17
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279

 

Program 23: HP 41CV Data Sheet

she 3c 2 3 He She ofc oe of oe ok dk

*RY LIQUID*

ake 3k 3k ke ke He ok oe ofc oe ok Hk

ENTER 8 IF ASME CODE
1.000 sx

ENTER 1 FOR BELLNS VALYE
0.000 asx

ENTER FLOW PPH
125,008.000  *+*

ENTER SG
B88 sxx

ENTER VISCOSITY cP
1.808 2s

ENTER SET PRSS PSIG
28.060

ENTER BACK PRSS PSIG
14.000

CALC
S@ INS

2.192

p22

$k$

RARER

5x
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ENTER VALVE RARER S@ INS
2.853 sx

CALC MAX BACK PRSS PSIG
18.589 sx»

3 kc he ofc ok He he ok dhe ake Hk oe

ate akc ae she oe She ofc oe dhe Ak Ae ke

*RY LIQUID*

ofc sk sfc afc of ok oe oe oe oe ok ok

ENTER 8 IF ASME CODE
1.008 #32

ENTER 1 FOR BELLWS YALVE
0.800  #*x

ENTER FLOW PPH
125,008.000 «=

ENTER SG
2.000 su»

ENTER VISCOSITY cP
250.080 3x

ENTER SET PRSS PSIG
20.800 sx

ENTER BACK PRSS PSIG
14.080  #s

CALC ARER
SR INS

2.192 3s

ENTER YALYE AREA S@ INS
2.8533 sx

CALC VYISCOS AREA SA INS
2.384 He

CALC MAX BACK PRSS PSIG
17.322 £2

oe 3 ok of 3c ok ak of of ok ok ok

 

Program 23: HP 41CV Register Loading

SIZE 080

Rea= 8.089004
Re1= 9.000400
R62= 8,400000
R83= 8.006008
Re4= 0.000008
Re5= 0.608808
RB6= 0.080004
R87= 0.000008
R@3= 9.060000
R89= 0.000004
R18= 9.0a8000
Ri1= 9.800000
R12= 9.000000
R13= 9.900090
Ri4= 0.000008
R15= 0.000000
R16= 0.080000
R17= 9.090000
R18= 0.006000
R19= 0.080000
R28= 8.090000
R21= 0.000800
R22= 0.060008
R23= 0.000004
R24= 9.080000
R25= =sRY L-

R26= -1QUIDs"
R27= *1 FOR *
R28= “8 IF A°
R29= SHE CO"
R39= 25.260080
R31= 57.282973
R32= 57.275651
R33= 57.525300
R34= 57.630000
R35= 57.646500
R36= 57.546861
R37= 57.626061
R38= 0.080000
R39= 56.686900
R4B= 57.516369
R4i= 0.004000
R42= 56.646869
R43= 56.707172
Rd4= 0.000000
R45= 0.000000
Ré46= 0.000000
R47= 0.000009
R48= 8.080000
R49= 0.600088
RS9= "BELLNS®
RS1= = VALVE"
RS2= “FLOW P*

R53= “PH  *
R54= = SET P*
RS5= “#xses"

R56= “CALC -
R57= “ENTER *
RS8= 0.680008
RS9= 9.800000
R68= "RSS PS”
R61= “IG  *
R62= “BACK P*
R63= * 56 *
R64= =¥ISCOS*
R65= "ITY cP
R66= 0.000000
R67= 0.880000
R68= = AREA *
R69= =5@ INS"
R70= “MAX BA"
R71= “CK PRS"
R72= =S PSIG®
R?3= "DE -
R74= 0.800000
R75= 0.000000
R76= 0.086000
R77= 9.000808
R78= 0.000000
R79= 0.000008

 

Program 23: HP 41CV Listing

SUBROUTINES

@1eLBL “RY LIg"
82 GTO A

PRINT LINE OF
STARS

83¢LBL a

84 FC? S55
85 RTN
86 53.55
87 ADY
88 SF 12
89 XEQ b
10 ADY
11 RTN

PRINT LINES

12¢LBL d
13 SF 12
14 1
15 ST+ 58
16 RCL IND 58
17¢LBL b
18 STO 59



19 CLA
20¢LBL ¢
21 ARCL IND 59
22 RCL 59
23 FRC
24 104
25 =
26 STQ 99

27 X28?
28 GTO ¢
29 FC? 95

38 GTO 91

31 PRA

32 CF 12
33 RIN
34¢LBL 81
35 CF 12
36 RYIER

37 RIN

PRINT & STORE
VARIABLES

J8eLBL ¢
391
48 ST+ 58
41 RCL IND S58
42 X=8?
43 RTN
44 XEQ b
45 1
46 ST+ al
47 RCL IND 81
48 TONE 9
49 FS? 88
58 GTO 81
51 STOP
52 STO IND 81
53¢LBL 81
54 REQ J
35 GTO e

RE-ENTER
VARIABLES

564LBL “REENTER"
57 ADY
38 1
39 +
68 STO 81
61 RCL IND 81
62 XEQ J
63 STOP
64 XE J
65 STD IND 8l
66 RADY
67 SF 82
68 STOP
69 GTO B

BYPASS PRINTER

78¢LBL J

Liquid Relief—Known Flow

71 FC? 55
72 GTO 81
73 PRX
74 RTN
75¢LBL 61
76 VIEW X
77 RIN

CALC K,

78¢LBL C
79 5.6
88 RCL 4
81 »
82 RCL A6
83
84 RCL 19
85 SART
8 /
87 STO 18
88 58009
89 X(=Y?
98 GT0 81
91 RCL 18
92 28
93 XY?
94 GT0 82

2

99 1.891822816
108 =
181 RCL 18
182 -.6
183 YX
194 -
185 RCL 18
186 947
187 YX
103 /
109 {
118 XOY
111 ¥=Y?
112 G70 82
113¢LBL 81
114 1
115¢LBL 82
116 STO 21
117 17%
118 RCL 28
119 =
120 RTN

MAIN PROGRAM

ENTER DATA

1214LBL A
122 1
123 STO @1
124 29

125 STO 58
126 FS? 82
127 SF 08
128 CF 82
129 XEQ a
136 XEQ d
131 XEQ a
132 EQ e
133 XEQ d

CALCK,
134¢LBL 8
135 39
136 STO 58
137 8
138 S70 81
139 RCL 82
148 Xv?
141 GTO 81
142 .6
143 GTO @2
144¢LBL 81
145 1
146¢LBL R2
147 STO 23

CALC K,,
148 RCL a3
149 1
158 X#Y?
151 GTO 91
152 1.36
153 RCL 88
154 1.2
155 *
156 RCL 67
157 7
158 -
159 RCL 83
168 XOY
161 K<=Y?
162 GTO 81
163 1
164¢LBL 81
165 STO 22

CALC A

166 RCL 04
167 12168
168 /
169 RCL 23
178 /
171 RCL 22
172 7
173 ST0 16

281



282 Pressure Relief Valves.

174 1.25 283 XEQ b
175 RCL 87 204 GTO D
176 + 285+LBL 81
177 RCL 88 206 RCL 17
178 - 207 RCL 20
179 RCL 85 208 %=Y?
180 * 209 GTO 61
181 SORT 210 X)Y?
182 / 211 GTO 81
183 STO 28 212 RCL 42
184 STO 19 213 XEQ b
185 GTO E 214 RCL 17

215 XEQ J
PRINT A CALC MAX

1864LBL D BACKPRES
187 XEQ C CONV VALVE
1884LBL E 2164LBL 01
189 XEQ J 217 RCL 43

%
ENTER VALVE SIZE 2 pp

198 39 220 RCL 87
191 STO 58 221 »
192 8 222 RCL 16
193 ST0 81 223 RCL 89
194 XEQ 224 7
195 RCL 89 225 RCL 21
196 STO 19 226 /

227 %12
CALC VISC SIZE 228 RCL 35

197 XEQ C 229 /
198 STO 17 238 -
199 RCL 19 231 STO 15

209 X>Y? CALC BACKPRES
281 GTO 91 BELLOWS VALVE
202 RCL 42 232 |

233 RCL 83
234 XY?
235 GT0 81
236 1.36
237 RCL 22
238 RCL 17
239 =
248 RCL 89
241 7
242 -
243 RCL 87
244
245 1.2
246 /
247 RCL 15
248 X(=Y?
249 GTO 82
258 RDN
251+LBL 82
232 ST0 15

COMMON ENDING

253¢LBL 81
254 RCL 19
255 Xe@ J
256 FS? 82
257 STOP
258 CF 08
259 XEQ a
268 RCL 17
261 VIEW X
262 BEEP
263 ADY
264 STOP
263 .END.

 

Program 23: Sequence of Calculations

1. Calculate back-pressure factor.

Conventional valves:

Bellows valves:

P
K,=1.36- 12 ou

IN

 



Liquid Relief—Known Flow 283

2. Calculate required relief area.’

w
mA= —_—

12,160 KK, VG, (1.25 Py - Pour)

 square inches

3. Calculate viscosity correction factor.

 

5.6W,
Ry, =—FH
7m, VA

x — 1.892 InlnlnR, — R,™*¢
v 0.047

Ry

When R, > 50,000, K, = 1

When R,, < 20, an error exists

. Divide A by K, for viscosity correction.

. Calculate maximum allowable back pressure for selected valve area.

Conventional valves:

W
n

B
H

12,160 KK,AK,
Py,=125P,-\———2"" psIG

G,

Bellows valves: Same as for conventional valves, or

P (1 36 (Bee)
w Aue Y

P, = PSIG
mex 1.2
 

whichever is the smallest.

Program 23: Nomenclature

Relief area, square inches
Specific gravity of the liquid at flowing temperature, dimensionless

Overpressure correction factor—.6 if ASME Section 8, 1.0 for oth-

ers, dimensionless
Back-pressure correction factor, dimensionless

|
xn

R
Q
»
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Pressure Relief Valves

Viscosity correction factor, dimensionless

Maximum allowable back pressure, PSIG

Set pressure, PSIG

Back pressure, PSIG
Reynolds number, dimensionless

Flow through valve, pounds per hour

Absolute viscosity, centipoises

Literature Cited

1. API RP520, Part 1, Design, American Petroleum Institute, Fourth Edi-

tion, 1976.

 

Program 24
Liquid Relief—Entrapped in Heat Exchanger
 

This program calculates the size relief valve required when heatis applied

to a liquid-filled heat exchanger before the valves on the inlet and outlet are

opened.

Program 24: User Instructions

a) Initiate program, press A.

b) Enter:

1. Eight (8) if it is an ASME-coded vessel, any other

number if not

2. One (1) if the valve is to be a bellows type, any

other number if not

3. Coefficient of cubical expansion for the entrapped

liquid per °F, dimensionless

4. Heat input to the vessel, Btu per hour (usually the

duty of the exchanger)
5. Specific heat of the entrapped liquid, Btu per

pound per °F
¢) Program calculates required flow, pounds per hour.

d) Enter:

6.

7.
8.
9.

Specific gravity at relief temperature, dimension-
less

Absolute viscosity, centipoises

Valve set pressure, PSIG

Back pressure before the valve opens, PSIG

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S

Press R/S
Press R/S
Press R/S
Press R/S



Liquid Relief—Entrapped in Heat Exchanger 285

€) Program calculates required relief area, square inches.

f) Enter:

10. Selected valve area, square inches Press R/S

g) Program calculates the maximum back pressure that

maintains flow at relief conditions, PSIG.

Notes:

1. The E subroutine is available to re-enter data and recalculate.

2. After entering the valve size, a viscosity check is made. If the selected

valve size is too small it will ask for another size. If there is a viscosity

correction but the size is acceptable, it will print out the viscous size.

 

Program 24: Tl 59 Data Sheet

 

 

Program 24: Tl 59 Register Loading
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21 41
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24 44
25 45
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Program 24: TI 59 Listing

 

  

SUBROUTINES 054 03 03

PRINT & STORE ass 1s ct
VARIABLES 0Se  &9 OF

oon TE LEL 037 04 04
oof io EC Dog ed OF
oz 2% CP 032 03 035
aos 0d i ged 92 RTH

oos 44 ZUM
oos 58 52 DECODE LINES
ane = prs PRINT LINES 061 TE LEL
Qo7 S52 58 024 F& LEL 0 12 Co
ons 22 THY CIE 0e2 01 1
Qos 33 INT a1 1 ged 00 0
oi a hy 44 SUH 08S 00 0
Loss IRY 28 98 O88 48 EXC
SEE 3 RCE 067 S53 59

12 Br EE 2 58 06S 22 IHY
zn TE LEL DES 59 INT
22 ITE 070 4% FRD
aaa do 570 71 59 59

a5 ~ 23 Ris (rz 73 mi
17 EB 55 sa hea an pon
£3 OF £3 Op cr de RTH
21 2 ai oi PRINT LINE OF
73 RCs 12 Ct STARS

01 01 £9 OF 07S TE LEBEL
=v IFF Gz oz OF 16 RA*
ooo oo 1s oe O77 23,
ooo ao £2 OF oye oo 0  
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Program 24: HP 41CV Data Sheet

fe ac ofc He Ae of oc Hk of dk ok ok

RY THERM EXP
*LIQUID*

fc of sc afc fe ok 3k oe oe of de ok

ENTER 8 IF ASHE CODE
8.0009 x¥

ENTER 1 FOR BELLWS VALVE
1.69088 3%

ENTER CUBICAL EXP/DEG F
9.1988 1%

ENTER HEAT INPUT BTU/HR
1,000,000. 008 sex

ENTER SPEC HERT BTU/P/QF
8.5004 se

CALC FLOW
PPH

1,660.8000 3

EHTER SG
8.9000 *”3

ENTER YISCOSITY cP
250.0004 “3

ENTER SET PRSS PSIG
100.0000 =e

ENTER BACK PRSS PSIG
20.0000 £5

CALC RARER
SR INS

8.8226 "x
ENTER VYALYE RARER SQ INS

8.0600 122]

CALC VYISCOS RARER SQ INS
8.8337 x

CALC MAX BACK PRSS PSIG
66.5983  *#x

3k 2 sc ofc Hc oe Ae He fe ofc ke ok

 

Program 24: HP 41CV Register Loading

SIZE 080

Re6= 9.868000
Rei= 9.080898
Ré2= 8.900008
R83= 6.000060
R84= 9.0a8800
R85= 8.900000
RB6= 0.000800

RE7= 9.080009
R88= 9.080909
R@9= 8.040800
R18= 9.8008809
R11= 0.060000
R12= 0.000009
R13= 0.600008
R14= 6.000000

R15= 0.009088
Ri6= 8.800800
R17= 0.000008
R18= 0.000208
R19= 0.000000
R26= 0.009009
R21= 8.900080
R22= 0.908008
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R23= 0.000000
R24= = sL]OQ"
R25= “RY THE"
R26= "RM EXP"
R27= 1 FOR *
R28= °8 IF RA"
R29= “SME CO"
R38= 25.262448
R31= 57.282973
R32= 57.275851
R33= 57.666774
R34= 57.757677
R35= 57.787949
R36= 8.000000
R37= 56.525308
R38= 57.630000
R39= 57.646508
R48= 57,546861
R41= 57.626861

R42= 0.008000

R43= 56.686908
R44= 57.516869

R45= 0.000000
R46= 56.646869
R47= 56.707172

R48= UIDs -

R49= =U/P/OF"

R38= "BELLKS®

RS1= = VALVE"

R52= "FLOK -

R53= *PPH *
R54= = SET P-

R99= “ssxsss"

RS6= “CALC -

R37= "ENTER *

R38= 45.0600000
R39= 0.000000
R68= "RSS PS"

R61= "IG  *
R62= “BACK P*
R63= = SC *
R64= "VISCOS"
R65= “ITY cP"
R66= “CUBICA*
R67= °L EXP/"
R68= = RARER *
R69= =S@ INS®
R78= “MAX BR"
R71= “CK PRS"
R72= =5 PSIG"
R73= "DE *
R74= “DEG F *
R75= “HERAT 1°
R?6= “NPUT B*
R77= °TU/HR =
R78= “SPEC H*
R79= "EAT BT"

 

Program 24: HP 41CV Listing

SUBROUTINES

A1¢LBL “RYTHRM"
82 GTO A

PRINT LINE OF
STARS

A3+LBL a
84 FC? 55
85 RTH
86 55.55
87 RADY
a8 SF 12
#9 XEQ b
18 RADY
11 RTH

PRINT LINES

12¢18L d
13 SF 12
14 1
15 T+ S8
16 RCL IND 58
17¢LBL b
18 570 59
19 CLA
20¢LBL ¢
21 ARCL IND S59
22 RCL 59
23 FRC
24 169
25

26 STO 59
27 X98?
28 G70 ¢
29 FC? 55

38 GTO 81
31 PRA
32 CF 12
33 RIN
34¢LBL 61
35 CF 12
36 AVIEN
37 RTN

RE-ENTER
VARIABLES
38eLBL ¢
391
48 ST+ 58
41 RCL IND 58
42 X=8?
43 RTN
44 XEQ b
4 1
46 ST+ 81
47 RCL IND 01
48 TONE 9
49 FS? 00
58 GT0 81
51 STOP
52 STO IND 81
J3eLBL 81
94 XEQ J
39 GTO e

RE-ENTER

VARIABLES

564LBL “REENTER"
57 ADY
981
59 +

66 STO 81
61 RCL IND of
62 XE@ J
63 STOP
64 XEQ J
65 STO IND 61
66 RADY
67 SF 82
68 STOP
63 GTO B

BYPASS PRINTER

78¢LBL J
71 FC? 55
72 GTO 81
73 PRX
74 RTN
75¢LBL 81
76 VIEW ¥
77 RIN

78¢LBL C
79 9.6
8A RCL 12
81 «

82 RCL 88
83 /

84 RCL 19
85 SGRT
86 /

87 STO 18
83 50006



89 X{=y?
98 GTO 6!
91 RCL 18
92 2
93 XOY?
94 GTO 82
95 RCL 18
96 LN
97 LN
98 LN
99 1.891822816
108
181 RCL 18
182 -.0
183 Y#X
184 -
185 RCL 18
186 .a47
187 YX
1988 /
189 1
118 XOY
11 %=y?
112 GTO 82
113¢LBL 81
114 1
115¢LBL 82
116 STO 21
117 1X
118 RCL 28
119 =
128 RTN

MAIN PROGRAM

ENTER DATA

121LBL RA
122 1
123 S10 81
124 29
125 S70 58
126 FS? 82
127 SF oa
128 CF #82
129 XEQ a
138 XEQ d
131 XEQ a
132 XE@ e
133 XER d

CALC FLOW

134 RCL 84
135 RCL 05
136 *
137 RCL #6
138 7
139 STO 12
140 XEQ J

ENTER PROCESS
DATA

141 XEQ e
142 XEQ d

CALCK,
143¢L8L B
144 43
145 STO 58
146 10
147 STO o1
148 RCL 82
149 8
158 XY?
151 GTO 81
152 .6
193 GTO 82
154+LBL 81
195 1
156¢LBL 82
157 S10 23

CALC K,,

158 RCL 83
159 1
168 X#Y?
161 GTD 81
162 1.36
163 RCL 10
164 1.2
165 *
166 RCL 89
167 7
168 -
169 RCL 83
178 XOOY
171 ¥(=Y?
172 GTO 81
173 1
174¢LBL 81
175 STO 22

CALC A

176 RCL 12
177 12168
178 7
179 RCL 23
189 /
121 RCL 22
182 +
183 ST0 16
184 1.25

185 RCL #9
186 *
187 RCL 19
183 -
189 RCL #7
198 *
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191 SQRT
192 7
193 STO 28
194 S70 19
195 GTO E

PRINT A

1964LBL D
197 Xe@ C
198¢LBL E
199 ¥E@ J

ENTER VALVE SIZE

208 43
281 ST0 58
202 18
203 STO 81
204 XEQ ¢
285 RCL 11
286 STO 19

CALC VISC SIZE

207 XeQ C
288 STO 17
289 RCL 19
218 X>Y?
211 GTO 01
212 RCL 46
213 XEG@ b
214 GTO I
215¢LBL 01
216 RCL 17
217 RCL 20
218 ¥=Y?
219 GTO 81
228 XY?
221 GTO 81
222 RCL 46
23 YER b
224 RCL 17
225 ¥EQ J

CALC MAX
BACKPRES
CONV VALVE

226+LBL 81
227 RCL 47
228 XEQ b

229 1.25
239 RCL 89
231 *
232 RCL 16
233 RCL 11
234 1
235 RCL 21
236 /
237 X12
238 RCL 87
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239 # 249 »

248 - 258 RCL 11
241 S70 15 251 /

252 -
253 RCL @9

CALC BACKPRES 254 #
BELLOWS VALVE 255 1.2

242 1 256 /
243 RCL 83 257 RCL 15
244 XY? 258 X(=Y?
245 GTO 81 259 GTO 82
246 1.36 268 RDN
247 RCL 22 2614LBL 82
248 RCL 17 262 STO 15

COMMON END
263¢LBL 81
264 RCL 15
265 XEQ@ J
266 FS? 82
267 STOP
268 CF 06
269 “EQ 3
278 RCL 17
271 VIEW X
272 BEEP
273 ALY
274 STOP
275 END

 

Program 24: Sequence of Calculations

1. Calculate flowrate. !

BH
Ww, = = pounds per hourm

. Calculate back-pressure factor.

Conventional valves:

K,=1
w

Bellows valves:

P
K,=136-1.2 (Ce)

 

IN

. Calculate required relief area.’

Ww,

A= —————————— square inches
12,160 KK, \/G,;(1.25 Py — Poy)

. Calculate viscosity correction factor.

R 5.6W,_

7 Re, VA

K = 1.892InlnlnR, — R,™®
 

.047
R,
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When R, > 50,000, K, = 1

When R, < 20, an error exists

5. Divide A by K, for viscosity correction.

6. Calculate maximum allowable back pressure for selected valve area.

Conventional valves:

12,160 KK,AK,
Py,=125P, -\—————2 psiG

G,

Bellows valves: Same as for conventional valves, or

AvisPyl136-(—=|K,
AvaveP, = PSIG

ws 1.2
 

whichever is the smallest.

Program 24: Nomenclature

Relief area, square inches

Cubical expansion coefficient per °F for the liquid at flowing tem-

perature, dimensionless

Specific heat of the liquid, Btu per pound per °F

Specific gravity of the liquid at flowing temperature, dimensionless

Heat-transfer rate, Btu per hour

Overpressure correction factor, ASME section VIII,.6, others 1.0,

dimensionless

Back-pressure correction factor, dimensionless

Viscosity correction factor, dimensionless

Maximum allowable back pressure, PSIG

Set pressure, PSIG

Back pressure, PSIG

Reynolds number, dimensionless

Flow through valve, pounds per hour

ik, Absolute viscosity, centipoises

e
e

T
A
N

3
e
”
<
0
=
x
x

= 3

Literature Cited

1. API RP520, Part 1, Design, American Petroleum Institute, Fourth Edi-

tion. 1976.
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Program 25

Liquid Relief—Entrapped in Pipeline
 

It is customary to install 3/4-inch by 1-inch relief valves on pipe lines

to relieve the expansion of blocked-in liquids caused by ambient temperature

changes. This program calculates the size required and eliminates any guess-

work.

Program 25: User Instructions

a) Initiate program, press A.

b) Enter:
1. Eight (8) if the valve protects an ASME-coded ves-

sel, any other number if not Press R/S

2. One (1) if the valve is to be a bellows type, any

other numberif not Press R/S
3. Line diameter, inches Press R/S
4. Line length, feet Press R/S
5. Coefficient of cubical expansion for the entrapped

liquid per °F, dimensionless Press R/S
6. Specific gravity at relief temperature, dimension-

less Press R/S
¢) Program calculates flowrate, pounds per hour.

d) Enter:

7. Absolute viscosity, centipoises Press R/S

8. Valve set pressure, PSIG Press R/S

9. Back pressure before the valve opens, PSIG Press R/S

e) Program calculates required relief area, square inches.
f) Enter:

10. Selected valve area, square inches Press R/S

g) Program calculates the maximum back pressure that

maintains flow at relief conditions, PSIG.

Notes:

1. The E subroutine is available to re-enter data and recalculate.

2. After entering the valve size, a viscosity check is made. If the selected
valve is too small it will ask for another size. If there is a viscosity
correction but the size is acceptable, it will print out the viscous size.
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Program 25: Tl 59 Data Sheet
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Program 25: TI 59 Register Loading
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Program 25: Ti 59 Listing
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Program 25: HP 41CV Data Sheet

ENTER LINE LENGTH FT ENTER BACK PRSS PSIG

 

250.0008 x 8.0000 rE

*POP RV ENTER CUBICAL EXP/DEG F CALC RARER
*LIQUID* 8.0003 sxx S&@ INS

ENTER SG 8.0182 2%

eke oe ofc of ak be ake He de ok ok 8.9000 x ENTER VYALYE AREA S@ INS

CALC FLOW 8.09608 5x
ENTER 8 IF ASME CODE PPH CALC VYISCOS AREA S@ INS

8.6880 wax 1,412.1216  #= 0.0185 sx
ENTER 1 FOR BELLNS VALVE ENTER VISCOSITY cP CALC MAX BACK PRSS PSIG

8.0808 3 1.0680 24% 113.1111 ®t
ENTER LINE DIR INS ENTER SET PRSS PSIG

24.6608 = 108. 8999 Fae she 3k Ae oe He 3k He ok oe ok ok ok

Program 25: HP 41CV Register Loading

SIZE 080 R26= = RYx * R53= "PPH =
RAB= 9.8A6ARA R27= =1 FOR * R54= = SET P-

RA1= 0.088444 R28= "8 IF A RS5= “s*#s%s"

R@2= 0.668404 R29= -SME CO R3%= "CALC -

R83= 8.668888 R3B= 25.262448 R57= “ENTER *

RO4= 8.PB06AA
RE5= 0.080808

R31= §7.282973
R32= 57.275851

R38= 45.000088
RS9= 8.000008

 

RB6= 9.009980 R33= 57.7576A8 RéB= “RSS PS"
RB7= 0.900099 R34= 57.777879 Ré1= *IC -
R88= 9.000890 R3S= 57.666774 R62= “BACK P*
RE9= 9.000999 R36= 57.630900 R63= = 56 *
R18= 9.890000 R37= 0.980098 R64= “VISCOS*
Ril= 9.800808 R38= 56.525308 R6S5= “ITY cP-
R12= 8.889800 R39= 57.646500 R66= “CUBICA*
Ri3= 9.800000 R4B= 57.546861 R6?= -L EXP/-
Ri4= 9.800990 R41= 57.626861 R68= = AREA *
R1S= 9.848000 R42= 9.009000 R69= =5@ INS®
Ri6= 0.099009 R43=  56.686906 R78= “MAX BA"
R17= 9.000000 Ré44= 57.516369 R71= “CK PRS"
R18= 0.800098 R4S5= 9.000090 R72= *S PSIG"
R19= 9.000099 R46= 56.646869 R73= "DE °
R29= 9.9AP000 R47=  56.707172 R74= “DEG F -
R21= 9.900000 R48= “UIDs * R75= “LINE D*
R22=  9.9A09AA R49= 0.009900 R76= "IA INS"
R23= 9.890900 RS8= “BELLWS® R77= “LINE L°
R24= = LI" RS1= = VALVE" R78= “ENGTH *
R25= = #POP* RS2= “FLOW * R79= “FT *

Program 25: HP 41CV Listing

SUBROUTINES 86 55.53 13 SF 12
67 AY 141

@14LBL "POP RY" 88 SF 12 15 57+ 58
B2 GTO A 89 XEQ b 16 RCL IND 58

PRINT LINE OF 18 ADY 17¢LBL b
STARS 11 RIN 18 STO 59

B34LBL 2 PRINT LINES SY
84 FC? 55 LbL ¢
85 RTN 12¢4LBL d 21 ARCL IND 59
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22 RCL 59
23 FRC
24 108
25 #
26 STO 59
27 %#97
28 GT0 ¢
29 FC? 55
38 GTD 81
31 PRA
32 CF 12
33 RTN
34+LBL 81
35 CF 12
36 AYIEN
37 RTH

PRINT & STORE
VARIABLES
38¢LBL e
91
48 ST+ 58

41 RCL IND S58
42 %=@?
43 RTN

44 XEQ b
45 1
46 ST+ 81
47 RCL IND 81
48 TONE 9
49 FS? 88
58 GTO 81
51 STOP
52 STO IND 61
53¢LBL 01
54 XEQ J
35 GTD ¢

RE-ENTER
VARIABLES

S6¢LBL “REENTER"
57 ADY

98 1
99 +
68 STO 81
61 RCL IND 81
62 XEQ J
63 STOP
64 KEQ J
69 STO IND 01
66 ADY
67 SF 82
68 STOP
69 GTO B

BYPASS PRINTER

70+LBL J
71 FC? 55
72 GTO 81

73 PRX
74 RTH
75¢LBL 01
76 VIER X
77 RTH
CALC K,

78¢LBL C
79 5.6
88 RCL 12
81
82 RCL 98
83 /
84 KCL 19
85 SORT
86 /
87 STO 18
88 50999
89 X(=Y?
98 GTO 81
91 RCL 18

92 20
93 #>Y?
94 GTO 082
95 RCL 18
96 LN
97 LK
98 LN
99 1.891822816
198 *
161 RCL 18
182 -.6
183 71%
194 -
185 RCL 18
166 .047
107 Y4%
148 7
109 1
118 OY
111 %¢=Y?
112 GTO 82
113+LBL 81
114 1
115¢LBL 82
116 ST0 21
117 17%
118 RCL 28
119
128 RTN

MAIN PROGRAM
ENTER DATA

121¢LBL A
122 1
123 ST0 91
124 29
125 ST0 58
126 FS? 82
127 SF 00

128 CF 82
129 XEQ a
130 Xee d
131 XEQ a
132 XEQ e
133 XEQ d

CALC FLOW

134 13.62
135 RCL 04
136 X12
137 +
138 RCL 85
139 =
148 RCL 86
141 =
142 RCL 87
143 »
144 STO 12
145 XEQ J

ENTER DATA

146 XEQ e
147 XEQ d

CALC K,,
148+BL B
149 42
158 STO 58
151 19
152 STO 01
153 RCL 82
154 8
155 ¥#Y?
156 GT0 @1
157 .6
158 GTO 82
159¢LBL 61
160 1
161eLBL 82
162 S10 23

CALC A

163 RLL wo

164 1

165 X2Y?

166 GTO 81

167 1.36

168 RCL 18

169 1.2

170 *

171 RCL 89

172 7

173 -

174 RCL 83

173 XOY

176 X¢(=Y?

177 GTO a1
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178 1 CALC VISC SIZE CALC BACKPRES
179¢LBL 81 212 XEQ C BELLOWS VALVE
188 S10 22 213 810 17 247 1
181 RCL 12 214 ROL 19 248 RCL 03

15s peieh 215 DY? 249 X2Y?
216 GT0 81 258 GT0 81

184 RCL 23 217 RCL 46 251 1.36
185 / 218 XEQ b 252 RCL 22
186 RCL 22 219 6T0 D 253 RCL 17
187 / 2200LBL 01 254 +
188 STO 16 221 RCL 17 255 RCL 11
189 1.23 222 RCL 29 256 7
1 RCL 89 223 X=y? 257 -
i = 224 GT0 a1 253 RCL 89

192 RCL 19 225 OY? 259 +
193 - 226 GTO 01 260 1,2
194 RCL 87 227 RCL 46 261 /
135 * 228 XEQ b 262 RCL 15
196 SORT 229 RCL 17 263 K(=Y?
or a0 20 239 XEQ J 264 GTO 82

I CALC MAX 265 RI
199 S10 19 2664LBL 82

CONV VALVE 267 STO 15

PRINT A 23uLBL B1232 RCL 47seioLEL 1 23% X00 b COMMON ENDING

202 XEQ C 234 1.25 2634LBL 01
2030LBL E 235 RCL 89 269 RCL 15
204 XEQ J 236 + 278 XEQ J

237 AL 16 271 FS? 62
2?

ENTER VALVE SIZE Za Lil HEIL
265 43 248 RCL 21 274 XEQ a
286 STO 58 241 / 275 RCL 17
207 18 242 12 276 VIEW X
268 STO 81 243 RCL 87 277 BEEP
209 XEQ e 244 / 278 AY
218 RCL 11 245 - 279 STOP
211 ST0 19 246 STO 15 288 .END.

 

Program 25: Sequence of Calculations

1. Calculate flowrate.

W, = 13.62D* LB G, pounds per hour

2. Calculate back-pressure factor.

Conventional valves:

K,=1
w
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Bellows valves:

P
K,=136-1.2 (er)

Py

3. Calculate required relief area.’

Ww,
square inchesA= pm

12,160 K,K,, VG, (1.25 Py, = Pour)

Calculate viscosity correction factor.

5.6W,
R, = —
RZ

When R,, > 50,000, K, = 1
When R,, < 20, an error exists

 

_1.892InlnlnR, —R,™°
v .047

R,

Divide A by K, for viscosity correction.5.
6. Calculate maximum allowable back pressure for selected valve area.

Conventional valves:

(Emre)12,160 KKXAK,
PSIGP, =125P, — =

f

Bellows valves: Same as for conventional valves, or

AiseP| 1.36 — == K,
valveP. =

Bras 1.2
PSIG

whichever is the smallest.

Program 25: Nomenclature

A Relief area, square inches

Cubical expansion coefficient per °F for the liquid at the flowing tem-B

perature, dimensionless
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Pipe diameter, inches

Specific gravity of the liquid at flowing temperature, dimensionless
Overpressure correction factor—.6 for ASME Section VIII; 1 for oth-
ers, 1, dimensionless.

Back-pressure correction factor, dimensionless

Viscosity correction factor, dimensionless
Pipe length, feet

Maximum allowable backpressure, PSIG

Set pressure, PSIG

Back pressure, PSIG

Reynolds number, dimensionless

Flow through valve, pounds per hour

Absolute viscosity, centipoises

x
Q
U

w
e

~
T
r

x
v
v
o
t

©
8
3

= 3
F hl

Literature Cited

1. API RP520, Part 1, Design, American Petroleum Institute, Fourth Edi-

tion, 1976.

 

Program 26
Fire Sizing—Liquid Vaporization
 

Pressure relief valves must be capable of protecting vessels and equipment

in the case of accidental external fire. The API 520 method is to determine

the wetted area and a heat-transfer factor (environment factor) and calculate

the amount of liquid which is vaporized and relieved.

First a fire zone must be established. It may already be designed into the

plant or it may be determined by natural barriers and elevations. The area

of metal wetted by both the fire and internal liquid is then determined. API

suggests that the normal inventory of liquids be assumed and recommends

allowance for at least 25 feet above the levels on which a reasonable fire

could be sustained. Spheres should be considered at least up to their max-

imum diameter.
In selecting the environment factor, API 520 does not allow any credit

for water deluge systems or depressuring systems. Underground storage nor-

mally does not require fire protection, and an environment factor of 0.03

is suggested for earth-covered storage above grade.

Credit for insulation requires that it be noncombustible, nonabsorbent, and

strong enough to resist being dislodged by fire hoses. This eliminates all

popular insulation material except cellular glass protected with a metal jack-

eting. This means that the environmental factor is normally taken as 1, and
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experience has shown that it is not unreasonable for no credit (i.e. 1) to be

given for the environment factor. Contingencies other than fire usually de-

termine the size of most relief valves. The relief temperature and latent heat

of vaporization at relief conditions are not easy to find. Program 27 will

assist for most pure hydrocarbon liquids.

Program 26: User Instructions
a) Initiate program, press A.

b) Enter:

1.
2.
3.
4.

Number of vessels exposed to fire

First vessel diameter, feet

First vessel length (tangent to tangent), feet

First vessel fraction of wetted part, dimensionless

(i.e. half full = 0.5, full = 1)

Program will loop back to 2 to pick up vessel data for

the quantity of vessels entered in 1, and then continue.

5.

6

7

8

9

10.

11

12

13.

One (1) if the valve is to be a bellows type, any

other number if not.

. Environment factor, dimensionless, maximum 1

. Latent heat of vaporization, Btu per pound

. Valve set pressure, PSIG

. Back pressure before valve opens, PSIG

Relief temperature, °F

. Ratio of specific heats C,/C,, dimensionless

. Molecular weight, dimensionless

Compressibility factor, dimensionless

¢) Program will calculate the amount of liquid vaporized

(pounds per hour) and the required relief area (square
inches).

d) Enter:

14. The selected valve area, square inches

e) Program calculates the maximum back pressure that

maintains flow at relief conditions.

Press R/S
Press R/S
Press R/S

Press R/S

Press R/S
Press R/S
Press R/S

Press R/S
Press R/S
Press R/S
Press R/S
Press R/S
Press R/S

Press R/S
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Program 26: Tl 59 Register Loading
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44 2731223723. 52
45 4217363627. 53
46 3441133 . Se
47 5151515151. =
48 CELEETIG00. SE
43 IV31373 . 97
S50 0 S58
a1 0. 59
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Program 26: HP 41CV Data Sheet

Ae of of 3 of ob 3 of ok ok ok ke

RY FIRE LIQD

Ho oe de ok ok of ok Hk ok ok ok

ENTER QUANT YESSL
2.5788 3%

ENTER YESSL LIA FT
5.5088 2

ENTER LENGTH FT
13. aaeg hx

ENTER HETTED PART
8.5088 rex

ENTER VESSL DIA FT
5.5689 2%

ENTER LENGTH FT
13.9048 i

ENTER WETTED PART
0.5880 *xx

ENTER 1 FOR BELLWS YRLYE
CELE Ex

ENTER ENVIRN FACT
1.8680 x

ENTER dHY ETI/P
192, 98489 rk

ENTER SET PRS PSIG
5A, #380 kx

ENTER BCK PRS PSIG
2.9899 hE

ENTER DSCH TEMF OF
100.0808 xk

ENTER 2
8.9258 Xk

ENTER CP/CY
1.4249 5%

ENTER MH
98.126A9 xx

CALC FLOW
PPH

12,005,9139 5k
CALC HRERA
Se INS

1.5926 hk
ENTER VALVE ARER S@ INS

1.8388 kk

CALC MAX BAR
CK PRSS PSIG

43.5539 =

ak oe ofc oe sk oe ok ok oe of kk

 

Program 26: HP 41CV Register Loading

SIZE 080
Rea= 9.0aR0
RB1= 8.8aAQ
Re2= 9.6478
R83= 8.4302
R84= 8.08008
RAS= 9.8008
RO6= 8.8808
RA7= 8.0008
RAS= 0.9884
RA9= 8.0804
R18= 8.0088
R11= 8.0008
R12= 9.90088
R13= 8.0808

R14= 8.0889
R15= 9.0008
R16= 0.0090
R17= 0.0808
R18= 8.8000
R19= 0.0000
R20= 9.8068
R21= 9.06209
R22= 8.8008
R23= 9.0608
R24= °CK PRS"
R25= “RY FIR"
R26= °E LIAD®
R27= QUANT *
R28= “¥ESSL *

R29= “DIA FT"
R38= 25.2608
R31= 57.2728
R32= 57.2829
R33= §7.5152
R34= 57.5354
R35= 9.8089
R36= 57.6862
R37= 57.6364

R38= 57.6566
R39= 57.6769
R48= 57.6869
R41= 57.7172
R42= 57.7400
R43= 57.7508
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R4d= 57.7608 RS6= “CALC * R68= “BCK PR
R4S= 9.0009 RS7= “ENTER R69= =S PSIG*
R46= 56.7778 RS8= 9.0009 R76= “MAX BA"
R47= 56.7973 RS9= 9.0008 R71= “DSCH T°
R48= 57.6280 R68= *1 FOR * R72= “EMP OF"
R49= 0.0009 R61= “BELLNS® R73= “SQ INS"
RS8= 56.7825 R62= * VALVE" R74= = 2
RS1= “LENGTH" R63= “ENVIRN® R75= “CP/CY *
R52= * FT * R64= = FACT * R76= “MH *
RS3= WETTED" RES= * dHY ° R77= * FLOW °
RS4= * PART * R66= “BTU/P * R78= *PPH -
RS5= “sssasss R67= “SET PR® R79= = AREA *

Program 26: HP 41CV Listing

SUBROUTINES 37 RIN 71 FC? 55
B1eLBL "RVFRELQ- PRINT & STORE 72 GT0 81
82 C10 A VARIABLES 73 PRX
PRINT LINE OF 390L8L ¢ ra al

STARS 391 76 VIEW X834LBL 3 48 ST+ 58 a
#4 FC? 55 41 RCL IND S8

85 RTN 42 %=0?
86 55.55 43 RTN CALC P,
87 ADY 44 XEQ b

88 SF 12 45 1 78eLBL F
89 ¥EQ b 46 ST+ 01 79 RCL 86
18 ADY 47 RCL IND 81 88 1.2
11 RTN 48 TONE 9 81 »

49 FS? 60 82 14.7
PRINT LINES 58 GTO 61 +

51 STOP 4 RN
12eLBL d 52 ST0 IND 81
13 912 S3eL6L 81141 CALC K,
15 ST+ 58 34 XEQ J16 RCL IND 58 55 GT0 e 85eLBL ©
170LBL b 86 RCL 1615570 55 RE-ENTER 87 RCL 19

VARIABLES 88 Y1X
19 0.9 89 RCL 16200LBL ¢ S6eLBL “REENTER® a
21 ARCL IND 59 57 ADY ol ie
22 RCL 59 58 2 9
23 FRC 59 -
24 188 69 STO 81 " ROL 22
25 * 61 RCL IND 01 95 SORT
26 S70 59 62 EQ J % 735
27 %28? 63 STOP =!
28 G10 ¢ 64 XEQ J 58 XEQ
29 FC? 55 65 STO IND 81 9
39 GTO 81 66 ADY 198 RTH
31 PRA 67 SF 82
32 CF 12 68 STOP
33 RTN 69 GTO E CALC C
340LBL 01Epa BYPASS PRINTER i !
36 AYIEN 78eL8L J 183 CHS



184 1.213
185 +
186 528
187
188 RTN

CALC (2/(k + 1){k—1)
189¢LBL B
118 2
111 RCL 18
121
13 +
114 /
115 RCL 22
16 YX
117 RTN

REPRINT

118¢LBL "AR"
{19 2
128 STO 81
121 35
122 ST0 38
123 56.285379
124 XEQ b
125 RCL @2
126 XE@ J
127 XEQ
128 XQ d
129 RCL 8A
130 XE@ J
131 GTO E

MAIN PROGRAM

ENTER DATA

132¢LBL A
133 FS? 82
134 SF 08
135 CF 82
136 1
137 570 61
138 29
139 STO 58
148 XEQ a
141 XEQ@ d
142 XEQ a
143 FS? 08
144 GTO "AR"
145 8
146 STO 86

CALC WETTED AREA

147¢LBL “RB-
148 XEQ ¢

Fire Sizing—Liquid Vaporization

149 ADY
150 2
131 S70 61
152 31
153 ST0 58
154 RCL 83
155 RCL 84
156 +
157 RCL 82
158 +
159 RCL 83
160 *
161 PI
162 *
163 ST+ 86
164 DSE 82
165 GTO "AB"

ENTER DATA

166 RCL 86
167 STO #2
168 2
169 STO 81
178 35
171 S70 358
172 XEQ e

CALC FLOW

173 XeQ d
174 RCL 82
175 .82
176 Y4%
177 RCL 84
178 *
179 21998
180 +
181 RCL 83
182 7
183 STO 88
184 XEQ J

CALC k/(k—1)

1854LBL E
186 11
187 S10 01
188 46
189 ST0 58
199 XEQ d
191 RCL 18
192 RCL 19
193 1
194 -
195 7
196 STO 22

197 RCL 18
198 1
199 +
208 RCL 140
281 /
282 STO 29

CALC 2/k

283 2
204 RCL 19
285 /
286 STO 19

CALC,

287 RCL 63
208 1
209 ¥=Y?
218 GTO ot
211 RCL 97

212 14.7

213 +
214 XEQ F
213 /
216 STD 23
217 XEQ B
218 STO 16
219 S70 21
220 RCL 23
221 XOY
222 XY?
223 GTO a3
224 RCL 23
225 STO 16

CALC K,

226 XEQ G
227 GT0 82
228¢LBL 01
229 RCL #6
238 -.84
231 =
232 EfX
233 -.3
234 »
235 1.6
236 +
237 S10 17
238 RCL #7
239 RCL 86
240 /
241 1.18
242
243 -
244LBL 82

311
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245 1
246 XOY
247 X(=Y?
248 GTO 81
249+LBL 82
258 1
251eLBL 01
252 STO 13

CALC A

253 RCL 68
254 468
295 +
256 RCL 89
257 +
258 RCL 11
259 /
268 SQRT

261 RCL oR
262
263 XEQ H
264 /
265 .953
266 7
267 XE F

268 7
269 RCL 13

278 /
271 STO 14

272 ¥EQ J

ENTER VALVE SIZE

273 XEQ e

CALC MAX
BACKPRES
CONV VALVE

274 Xea d
275 RCL 21
276 STO 16
277 RCL 14
278 RCL 12
279 /
288 RCL 13
281 *
282 STO 15
283 1
284 RCL 93
285 X#Y?
286 GTO C
287 RCL 17
288 RCL 15
289 -
290 1.18
291 /
292 RCL 06
293
294 GTO I

BELLOWS VALVE
295¢L8L C
296 RCL 21
297 1
298 +

299 SORT
388 ST# 16
301 XEQ G
362 RCL 13
383 -
384 PSE
385 STO 21
386 ABS
387 .001
388 XOY
389 YOY?
318 GTO C
311 RCL 16
312 XEQ F
313 =
314 14.7
35 -

COMMON ENDING

316eLBL I
317 STO 18
318 XEQ J
319 FS? 82
320 STOP
321 CF #9
322 XEQ a
323 RCL 14

324 VIEW X

325 BEEP
326 ADY
327 STOP

32% LEND.

 

1. Calculate wetted area.

2. Calculate vaporized liquid.

3. Calculate pressure ratio

_ 21,000 FA

Program 26: Sequence of Calculations

dHV

A, =m X D(D + L) square feet

pounds per hour

k/(k—1)

. .. 2
limited to a minimum of (5)

k+1
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4. Calculate the specific heat ratio coefficient!

k+1)/(k—=1)

C =5204/k (=) = 520(1.213 —
k+ 1 ( r)

5. Calculate the back-pressure correction factor.

Conventional valves:

 
 

 

735F
v=o V1 - 7)

where

rE
k—1 1-r

Bellows valves:

K, 1.6 — 3¢7%P, — 1.18r

6. Calculate required relief area.

_ Ww, T.Z ,
= ————— [—— square inches

953 CP,K, M

7. Calculate maximum allowable back pressure for selected valve area.

A
—_—X K,

selected A
maximum K, =

Conventional valves: Iterate Sa to find r, then

maximum back pressure = (r P,) — 14.7 PSIG

Bellows valves:

Py (1.6 — 3% P, — max K,)

1.18
PSIG maximum back pressure =

Program 26: Nomenclature

A Relief area, square inches

A, Wetted area, square feet
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Specific heat ratio coefficient, dimensionless

Vessel diameter, feet

Latent heat of vaporization at flow conditions, Btu per pound

Environment factor, dimensionless

Back-pressure correction factor, dimensionless

Ratio of specific heats Co/C,, dimensionless

Vessel length, tangent to tangent, feet

Molecular weight, dimensionless

Set pressure, PSIG
Relieving pressure (P,, X 1.2 + 14.7), PSIA
Back pressure, PSIA

Pressure ratio, dimensionless

Relief temperature, °R
Flow through valve, pounds per hour

Compressibility factor, dimensionless

<
3
N
E
X
T
I
O
I
R
E
T
X
T
E
D
T
O

Literature Cited

1. API PR520, Part 1, Design, American Petroleum Institute, Fourth Edi-

tion, 1976.

 

Program 27
Relief Temperature and Latent Heat of Vaporization
for Program 26: Pressure Relief Valve Sizing, Fire
Conditions
 

This program will calculate the relief temperature and the latent heat of

vaporization at relieving conditions for pure hydrocarbon liquids. Note that

the pressure at relief conditions is 1.2 times the set pressure.

Program 27: User Instructions

a) Initiate program, press A.
b) Enter:

1. Critical temperature of liquid, °R Press R/S
2. Critical pressure of liquid, PSIA Press R/S
3. Normal boiling point of liquid, °F Press R/S
4. Valve set pressure, PSIG Press R/S
5. The latent heat of vaporization at the normal boiling

point, Btu per pound. Press R/S
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¢) Program calculates the discharge temperature, °F, and

the latent heat of vaporization at relief conditions, Btu

per pound.

 

Program 27: Tl 59 Data Sheet
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Program 27: TI 59 Listing

SUBROUTINES

PRINT & STORE
VARIABLES

oan
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0
0
D
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0
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Program 27: HP 41CV Data Sheet

he kc ke of ok de de ok of ok Ne ok

RY dHVY +TEMP

3 ofc she ofc she she ok ok ok ok ok ok

ENTER CRIT TEMP DEG R
914.5 xs

ENTER CRIT PRSS PSIR
439.7 x

ENTER NORM BOIL PT DEG F
156.8 5x

ENTER RY SET PRSS PSIG
118.3 *#x

ENTER NORM BP dHY BTU/P
144.2 #1»

CALC RY DIS
CH TEMP DEGF

338.2 =x
CALC RY DIS
CH dHVY BTU-P

163.5 *%3

he 3k 3c she ob ok oe oe He ok ok ok

 

Program 27: HP 41CV Register Loading

SIZE 080
RB8= 8.80R087
R81= 8.800000
R82= 9.088083
R83= 0.080080
Re4= 0.080800
R85= 8.860808
R86= 0.000008
R87= 0.080888
Reg= 9.000000
R89= 8.08800800
R18= 9.880848
R11= 0.080808
R12= 9.080086
R13= 0.803006
R14= 9.000308
R15= 8.880800
R16= 8.000800
R17= 9.000806
R18= 9.088089
R19= 9.000000
R28= 0.880809
R21= 9.080886
R22= 9.880864
R23= 9.08800880
R24= 0.080090
R25= “RY dHY"

R26= = +TEMP"
R27= 9.808000
R28= 0.003068
R29= 0.008008
R38= 25.267000
R31= 57.585152
R32=  57.535468
R33= 57.616263
R34= 57.646566
R35= 57.616869
R36= 0.000806
R37= 56.787172
R38= 56.787369
R39= 8.099089
R4= 0.060000
R41= 0.088009
R42= 9.093000
R43= 8.008089
R44= 0.000000
R45= 0.008060
Ré46= 6.000960
R47= 8.800086
R48= 8.800080
R49= 8.90B04A
R38= “CRIT T*
RS1= “EMP DE"
RS2= "GR ©

RS3= “CRIT P*
R54= “RSS PS”
RSS5= “#xxexse

RS6= -CALC -
RS57= "ENTER *
R58= 38.800080
R39= 0.080008
R68= =Ip
R61= =NORM B-
R62= =0IL PT"
R63= = DEG F-
R64= “RY SET"
R65= = PRSS -
R66= “PSIG -
R67= 8.008808
R68= “P dHY °
R69= = BTU/P"
R79= “RY DIS"
R71= =CH TEN®
R72= =P DEGF"
R73= “CH dH¥*
R74= 0.006000
R75= 8.006800
R76= 9.000000
R77= 8.800808
R78= 0.080008
R79= 9.880080

 

Program 27: HP 41CV Listing

SUBROUTINES

BLeLBL “dHY+T"
92 GTO A

PRINT LINE OF

STARS

83+LBL a
84 FC? S55
85 RTN
86 335.55
87 ADY
88 SF 12
89 XEQ b

18 ADY
11 RTH

PRINT LINES

12¢LBL d
13 SF 12
14 1
19 ST+ 58
16 RCL IND 58
17+LBL b
18 570 59
19 CLA

20¢LBL ¢
21 ARCL IND 59
22 RCL 59
23 FRC
24 180
AB *
26 STO 59
27 X28?
28 GTO ¢
29 FC? 55
38 G70 81
31 PRA
32 CF 12
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33 RTN
34¢LBL 81
35 CF 12
36 AVIEW
37 RN

PRINT & STORE
VARIABLES

38¢LBL e
391
49 ST+ 98
41 RCL IND 58
42 %=8?
43 GTO d
44 XEQ b
45 1
46 ST+ 81
47 RCL IND 01
48 TONE 9
49 FS? 99
59 GTD 61
51 STOP
52 STO IND 61
S3¢LBL 81
54 XEQ J
95 GTO e

RE-ENTER
VARIABLES

S64LBL “REENTER®
57 ADY
585
99 +
68 STO 81
61 RCL IND 01
62 XEQ J
63 STOP
64 XEQ J
65 STO IND 01
66 ADY
67 SF 82
68 STOP
69 GTO B

BYPASS PRINTER

78¢LBL J
71 FC? 55
72 GTO 81
73 PRX
74 RTN
75¢LBL 81
76 VIEW X
77 RTN

CALC fo
78¢LBL G
79 6.089648
80 RCL 17
81s
82 CHS

Pressure Relief Valves

83 5.92714
84 +

85 RCL 17
86 LN
87 1.28862
83 *
89 -
99 RCL 17
91 6
92 YtX
93 .169347
94 »
95 +
96 RTN

CALC f1

97¢LBL D
98 15.6873
99 RCL 17
108 /
181 CHS
102 15.2518
163 +
184 RCL 17
165 LN
166 13.4721
197 =»
188 -
189 RCL 17
118 6
111 y#X
112 .43577
113 =
114 +
115 RIN

CALCP

116eLBL E
117 XE@ D
118 RCL 22
119 *
128 XEQ G
121 +

122 EX
123 RCL 83
124 =

125 RN

CONVERGE T

126¢LBL F
127 RCL 11
128 RCL 12
129 -
138 RCL 13
131 RCL 14
132 -

133 7

134 RCL 13
135 RCL 65
136 -
137 *
138 CHS

139 RCL 11
148 +
141 STO 12
142 RCL 82
143 /
144 STO 17
145 RTN

MAIN PROGRAM

ENTER DATA

146¢LBL A
147 5
148 STO 681
149 29
158 STO 58
151 FS? 82
152 SF 08
153 CF 82
154 XEQ a
155 ¥EQ d
156 XE@ a
157 XEQ e

CONVERT T,

158¢LBL B
159 37
168 STO 58
161 RCL 88
162 468
163 +
164 1.8
165 7
166 STO 84

CONVERT T,
167 RCL 86
168 1.8
169 7
178 STO 82

CONVERT P,
171 RCL 07
172 14,7
173 7

174 STO 83

CONVERT P

175 RCL 09
176 12,25
177 7
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178 1 206 + 239 STO 27
179 + 2087 STO 12 24 XEQ J
188 STO 85 288 2

209 +
218 STO 11 CALC dHV

CALC T, £18 3
211 RCL 82 241 XE4

181¢LBL C 212 + 242 |

182 RCL 84 213 5T0 17 243 RCL 17
183 RCL 82 214 XEQ E 244 -
184 / 215 STO 13 245 1
185 STO 17 216 RCL 12 246 RCL 21
186 STO 21 217 oCL a2 247 -

218 7 248 +

CALC w 219 3T0 17 249 61
X 226 WEA E 258 XOOY7 RCL 03

187 RCL 83 221 STO 14 251 £3Y?
188 LN 252 GTO A1
129 (HS ITERATE FOR DISCH 253 9
198 XEQ 3

” TEMP 254¢LBL 81191
ar 222¢LBL H 255 .378192 ¥EQ D 250 11x

oo oe E 257 ROL 18194 STO 22 27 KL
134 510 2 225 STO 14 mor

226 RCL 05 259 STO 2ESTIMATE T & P os ot 28 EQ |
195 RCL 85 229 ABS 261 Fs? 82
196 RCL 83 229 PSE 262 STOP
197 1 238.01 263 CF 98
198 - 231 KO 264 XEQ 3
199 7 232 HY? 2635 RCL 27
280 SRT 233 GTO H 266 RCL 28
281 RCL 82 234 RCL 12 267 VIEW X
2682 RCL 94 235 1.8 268 BEEP
283 - 236 % 269 RADY

204 = 237 46 278 STOP
285 RCL 84 238 - 271 END.

 

Program 27: Sequence of Calculations

This program calculates relief temperature using the Lee and Kesler re-

lationship for single-component liquids.

1. Iterate to find reduced temperature T..'

InP, = fT. + of 'T,

where

6.09648 ;
f° = 5.92174 — ——— — 1.28862 In T, + 169347;
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> 13.4721 In T, + .43577T¢

 

 

f!=15.2518 +

“InP, —f}
w=—"

fo

Estimate

P
Ty, = (T,— Tzb) + T, + 20

(P.— 1)

If calculated P (which is equal to P.e(wf' + f°)) differs from entered

P by more than .01, subtract

(2 = Tieratea

Py = Pirated

)@u-p

from estimated T}, and repeat until the error is less than .01.

. Calculate the discharge temperature.

T =1.8T,T, — 460°F

Calculate the latent heat of vaporization using the Watson correlation for

single-component liquids.>

378

1
dHV = dHV, ¢ ~) Btu per pound

rb

 

Program 27: Nomenclature

dHV Latent heat of vaporization at relief conditions, Btu per pound

dHV, Latent heat of vaporization at normal boiling point, Btu per pound
f°

f!

W
o
o
d

Function calculated at relief temperature, dimensionless

Function calculated at relief temperature, dimensionless

Function calculated at normal boiling point, dimensionless

Function calculated at normal boiling point, dimensionless

Relief pressure (set pressure X 1.2 + 1), atmospheres

Pressure corresponding to 7, in iterative calculation
Critical pressure, atmospheres

Reduced pressure, dimensionless

Relief temperature, °F

Normal boiling point, °K
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Critical temperature, °K
Starting point to iterate T

Reduced relief temperature (I + 460)/1.8T, dimensionless

Reduced normal boiling point temperature 7,/T,, dimensionless
Acentricity factor, dimensionlesse

M
N
=

I
Y

x
e

Note that these units differ from those entered into the calculator. The pro-
gram converts as necessary.

Literature Cited

1. Lee, B. I., and Kesler, M. G., AIChE J., Vol. 21, 1975, p. 510.

2. Watson, K. M., Ind. Eng. Chem., Vol. 25, 1943, p. 398.

 

Program 28
Pressure Relief Valves, Fire Sizing—Gas
or Vapor Expansion
 

Program 26 calculated the size required for vessels containing liquids;this

program is for vessels containing gases. The quantity of vessels and their

wetted areas are arrived at in the same way as described for program 26.

There is an inherent pitfall in the sizing technique used here. If close

attention is not paid to the ratio of accumulated pressure to operating pres-

sure, the vessel is likely to fail because of overtemperature rather than ov-

erpressure. The program will print the discharge temperature as a guide.

The discharge temperature is calculated by the ideal gas law and should be

limited to something less than the maximum metal temperature by lowering

the set pressure.

Program 28: User Instructions

a) Initiate program, press A.

b) Enter:

1. Quantity of vessels exposed to fire Press R/S
2. First vessel diameter, feet Press R/S

3. First vessel length (tangent to tangent), feet Press R/S

4. First vessel fraction of wetted part, dimensionless

(i.e. half full = .5, full = 1) Press R/S

Program will loop back to 2 to pick up vessel data for

the quantity of vessels entered in 1 and then continue.
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W
n

other number if not

O
0
0
3

O
N . Valve set pressure, PSIG

. Operating pressure, PSIG

. Back pressure before valve opens, PSIG

. Operating temperature, °F

. One (1) if the valve is to be a bellows type, any

10. Maximum allowable metal temperature, °F

11. Ratio of specific heats C,/C,, dimensionless

12. Molecular weight, dimensionless

c) Program calculates flowrate caused by gas expansion,

pounds per hour; relief temperature, °F; and relief area

required, square inches.

d) Enter:

13. Selected valve area, square inches

Press R/S
Press R/S

Press R/S
Press R/S
Press R/S
Press R/S
Press R/S
Press R/S

Press R/S
e) Program calculates the maximum back pressure which

maintains flow at relief conditions.

Typical allowable maximum metal temperatures are:

Carbon steel

304SS and 316SS
Inconel

Monel

T6 Aluminum

1100°F
1500°F
1300°F
1000°F
400°F

 

Program 28: Tl 59 Data Sheet

FIRE RY GAS EXEH

EMTR QURH YESSL

ENTR VESSL TIA FT

EHTR LHGTHFT

EMTR WETTDFART
ob, 2

EMTR YESSL DIA FT

EMTRE LHGTH FT
15

ENTE WETTID PART
a. =

ENTR 1 FOR ELWS VALY
i.

ENTR SF PSIC
150.

EMTR OF PSIG
120.

EHMTE EF FSIG

ENTR OF THF oF
Sao,

EHTR MA MTL THF &F
i100,

E H T FE i F ~ IN Ld

0.73
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EHTE ML

 

  
 

Program 28: Tl 59 Register Loading
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Program 28: Tl 59 Listing
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MAIN PROGRAM
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Program 28: HP 41CV Data Sheet

a of of ofc ob ok ok oF Ok ok ok

RV FIRE GRS

He ofc ok ok dk kk ok sk sk ok

ENTER QUANT VESSL
2.9688 sxx

ENTER YESSL DIA FT
8.8880 xx

ENTER LENGTH FT
15.0088 sss

ENTER WETTED PART
8.2088 x

ENTER VESSL DIA FT
8.8928 33

ENTER LENGTH FT
15.0000 33

ENTER WETTED PART
8.8688 Li)

ENTER { FOR BELLNS VALVE
0.8088  *ss

ENTER SET PRESS PSIG
158.0808 xs

ENTER QPER PRESS PSIG
120.0008 xx

ENTER BACK PRESS PSIG
2.0008  #x

ENTER OPER TEMP DEGF
200.0088 xx

ENTER MAX METAL TMP DEGF
1,100.0088  *»»

ENTER CP/CY

ENTER MW

44,0890 rx

CALC FLOW

PPH

£,437.3045 x

CRLC DISCH

TEMP DEGF

493.9866 ki
CRLC RARER

S50 INS
8.6900 LE]

ENTER YALYE AREA S@ INS
A. 7250 +3

CALC MAX EK
CK PRESS PSIG

143.8318 *xs

 

0.9398 xx she 3c sk oh she ke ke ok of ok oe ok

Program 28: HP 41CV Register Loading

SIZE 080 R26= *E GAS" R53= “WETTED"
REO= §,99AAAY R27= “QUANT * RS54= = PART °
R81= @. 48384 R28= “VESSL * R5= “sekrks®

RE2=  8,09309 R29= “DIA FT* RS6= “CALC *
R@3= 9.863409 R38= 25.260008 R57= “ENTER *
RA4= 9.000808
RA5= 4.8AAABA
R@s= 8.008000
R87= 8.909880
R8%= 9.600000
R89= 0.808800
R18= 8.800004
Ril= 9.008808
R12= 9.080088
R13= 8.808808
R14= 9.880008
R15= 0.0880400
Ri6= 0.688002
R17= 9.080000
R18= 0.008899
R19= 9.000089
R28= 8.800808
R21= 9.8AA878
R22= 9.080898
R23= 9.800800
R24= "CK PRS®
R25= "RY FIR"

R31= 57.272860
R32= 57.282998
R33= 57.515209
R34=  57.535400
R35= 8.080089
R36= 57.686162
R37= 57.676869
R38= 57.636869
R39= 57.746869
R4A=  57.637266
R41= 57.6465h6
R42=  57.750680
R43= 57.768808
R44= 0.000808
R45= 56.777800
Rd6=56.717266
R47= 56.797390
R48= 57.627973
R49= 8.600804
RS8= 56.782469
RS1= =LENGTH"
RS2= = FT *

RS8= 58.06R0040
R39= 0.008060
R68= 1 FOR *
R61= "BELLWS®
R62= = VALVE"
R63= "OPER *
Red= -MAX ME"
R6S= “TAL TH*
R66= =P DEGF*
R67= -SET *
R68= =PRES*
R69= =S PSIG*
R78= “MAX BK"
R71= =DISCH *
R72= -TEN®
R73= -S@ INS-
R74= BACK *
R7S= "CP/CY *
R76= “MW ©
R77= = FLOW *
R78= “PPH ©
R79= * AREA *
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Program 28: HP 41CV Listing

SUBROUTINES

B1eLBL “RVFREGS®
82 GTO A

PRINT LINE OF
STARS

03eLBL a
84 FC? 59
85 RTN
06 35.35
87 ADY
08 SF 12
89 XEQ b
10 RADY
{1 RTN

12¢LBL d
13 SF 12
141
15 ST+ 38
16 RCL IND 58
{7¢LBL b
18 STO 59
19 CLR
204LBL ¢
21 ARCL IND 39
22 RCL 59
23 FRC
24 100
25 #
26 STO 59
27 X20?
28 G10 ¢
29 FC? 55
30 GTO @1
31 PRA
32 CF 12
33 RIN
34¢LBL 01
35 CF 12
36 AYIEN
37 RIN

PRINT & STORE
VARIABLES

38eLBL e
391
48 ST+ 58
41 RCL IND 58
42 X=?
43 RTN
44 XEQ b
41

46 ST+ 01
47 RCL IND 81
48 TONE 9
49 FS? 09

58 GTO o1
91 STOP
52 STO IND 61
S3eLBL 81
54 XEQ J
99 GTO e

RE-ENTER
VARIABLES

S6eLBL "REENT
57 ADY
58 2
59 -
68 STO 81
61 RCL IND 61
62 Xea J
63 STOP
64 XEQ J
65 STO IND 61
66 ADY
67 SF 82
68 STOP
69 GTO E

BYPASS PRINTER

70¢LBL J
71 FC? 55
72 GTO 81
73 PRX
74 RTN
75¢LBL 01
76 VIEW X
77 RTH

CALC P,
78¢LBL F
79 RCL 84
80 1.2
81 *
82 14.7
83 +
84 RIN

CALC K,
85¢LBL G
86 RCL 16
87 RCL 19
88 YX
89 RCL 16
99 RCL 20
91 Yt
92 -
93 PCL 2°
94 =

95 SORT
96 735

97 *
98 XEQ H
99 /

168 RTN

CALC C

181eLBL H
162 ¥E@ B
183 CHS
184 1.213
185 +
186 529
107 =
188 RTN

REPRINT

189¢LBL B
118 2
111 RCL 89
112 1
113 +
114 /

115 RCL 22
116 YX
117 RTN

MAIN PROGRAM

ENTER DATA

118¢LBL "AR"
119 2
128 STO 61
121 35
122 S70 58
123 56.285379
124 XEQ b
125 RCL 82
126 XEQ J
127 XEQ e
128 GTO E
129¢LBL R
130 FS? 82
131 SF 80
132 CF 82
133 1
134 STO 01
135 29
136 STO 58
137 XER a
138 XE0 d
139 XEQ a
148 FS? 08
141 GTO "AR"
142 0
143 €70 86
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CALC WETTED AREA

144¢LBL “RB"
145 XEQ e
146 ADY
147 2
148 STO 81
149 31
158 STO S58
151 RCL 83
152 RCL 84
153 +
154 RCL 83
155 #
156 RCL 85
157 =
158 PI
159 *
168 ST+ 86
161 DSE 82
162 GTO RB"

ENTER DATA

163 RCL 86
164 STO 82
165 2
166 STO a1
167 35
168 STO 58
169 XEQ
178¢LBL E
171 18
172 STO 81
173 44
174 STO S58
175 RCL 89
176 RCL 89
177 1
178 -
179 7
188 STO 22

CALC (k+1)/k

181 RCL 89
182 1
183 +
184 RCL 89
185 7
186 STO 24

CALC 2/k

187 2
188 RCL 89
189 /
199 STO 19

CALC,
191 RCL 83
192 1
193 X=Y?
194 GTO 61
195 RCL 86
196 14.7
197 +
198 XEQ F
199 /
208 STO 23
281 XE@ B
282 STO 16
203 STO 21
284 RCL 23
285 ROY
206 X>Y?
287 GTO 83
288 RCL 23
289 STO 16

CALC K,,

210 XE@ 6
211 G70 @2
212¢LBL 0!
213 RCL &4
214 -. 04
215 =
216 EX
217 -.3
218 =
219 1.6
228 +
221 S70 17
222 RCL 86
223 RCL 84
224 1
225 1.18
226 +
227 -
228¢LBL 92
229 1
238 ZOY
231 X(=Y?
232 GTO a1
233eLBL 83
234 1
235¢L8L 01
236 STO 13

CALC T,

237 XEQ F
238 RCL 05
239 14.7
240 +
241 /
242 RCL 07
243 460
244 +

245 *
246 STO 12

CALCA

247 RCL 18
248 RCL 12
249 -
256 460
251 +
252 @
253 ROY
254 X(=Y?
255 GTO 85
256 1.25
257 YX
258 RCL 12
259 6986
268 YX
261 7
262 .1436
263 *
264 ,953
265 /
266 XEQ H
267 /
268 .01
269 X{=Y?
279 RDN
271 RCL @2
272
273 XEQ F
274 SORT
275 /
276 STO 14

CALC FLOW

277 RCL 18
278 RCL 12
279 /
280 SORT
281 .953
282 »
283 RCL 14
284 *
285 XEQ H
286 *
287 ¥EQ F
288 =»
289 RCL 13
299 *
291 STN 08

PRINT FLOW

292 XEO 4d
293 RCL 04
294 XEQ J
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295 XEQ d 319 - COMMON ENDING
296 RCL 12 320 1.18 3460060 1
297 4680 321 7 347 STO 18

299 EQ J 323 + >
300 XEQ d 324 GTO 1 Fak op

301 RCL 14 351 CF 68
382 %EQ J BELLOWS VALVE 352 XEQ a

325¢LBL C 353 RCL 14
ENTER VALVE SIZE 326 RCL 21 354 VIEW X

793 XEQ © 327 1 355 BEEP
329 + 356 ADY

CALC BACKPRES 329 SORT 357 STOP
CONV VALVE 338 ST+ 16

304 XEQ d 331 XEQ G DISCH TEMP TOO
365 RCL 21 332 RCL 15 Hen
306 STO 16 333 -
307 RCL 14 334 PSE 3584LBL 85
308 RCL 11 335 STO 21 359 64.6566
309 / 33 ABS 368 XEQ b
318 RCL 13 337.601 361 RCL 02
31 + 338 XOY 362 ¥EQ J
312 STO 15 339 ¥)v? 363 RCL 46
33 1 348 GTO C 364 XEQ b
314 RCL 83 341 RCL 16 365 RCL 12
315 Xv? 342 XEQ F 366 460
316 GTO C 343 » 367 -
317 RCL 17 344 14.7 368 GTO 1
318 RCL 15 45 - 369 END

 

Program 28: Sequence of Calculations

1. Calculate wetted area.

A, =m X D(D + L) square feetw

2. Calculate pressure ratio.

k/(k—1)

r = =2 limited to a minimum of (=)
+1N

v

3. Calculate the specific heat ratio coefficient.’

5 \*FDED

( =3520 (1.213 —»r)

  

 

C = 520 —
k+1
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. Calculate the back-pressure correction factor.

Conventional valves:!

 

where

 

EEk—1 1—r

1.6 — 3% — 1.18r

Bellows valves:

K,

. Calculate relief temperature.’

P
T, = ———— (T, + 460) R

(P, + 14.7)

. Calculate relief valve factor F'.

pi 1406 (& - Se
.6506953C\ Tj

. Calculate required relief area.’

 
F'A,

A = —— square inches
VP,

. Calculate flow.!

M
W, = 953 ACP,K, ve pounds per hour

f

. Calculate maximum allowable back pressure for selected valve area.

A
maximum K, = —— X

selected A



334 Pressure Relief Valves—Known Flow

Conventional valves: Iterate 5a to find r, then

maximum back pressure = (r X P;) — 14.7 PSIG

Bellows valves:

P, (1.6 — 3¢*% P,) — maximum KX,

1.18
 maximum back pressure = PSIG

Program 28: Nomenclature

Relief area, square inches

Wetted area, square feet

Specific heat ratio coefficient, dimensionless

Vessel diameter, feet

Relief valve factor, dimensionless

Back-pressure correction factor, dimensionless

Ratio of specific heats C,/C,, dimensionless
Vessel length, feet

Molecular weight, dimensionless

Relieving pressure (set pressure X 1.2 + 14.7) PSIA

Back pressure, PSIA

Set pressure, PSIG

Normal operating pressure, PSIG

Pressure ratio, dimensionless

Relief temperature, °R

Normal operating temperature, °F
Maximum allowable vessel metal temperature, °F

Flow through valve, pounds per hour

H
o
a
»

&
T
R
H

=
~
v
o

Z
x

F
H
S

Literature Cited

1. API RP520, Part 1, Design, American Petroleum Institute, Fourth Edi-
tion, 1976.
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Typical Data
 

Wetted Perimeter Factor vs. Volume of Liquid
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Use of isentropic Coefficient in Flow Formula for
Determining Capacity of Safety-Rellef Valves*

Formula 1 provides a convenient means for determining the flow of
gas through a safety-relief valve between any given upstream pressure

and the critical-flow pressure in the throat of the nozzle. The derivation

ofthe formula is based on the Perfect Gas Lawsin whichit is assumed 13
that the flow is adiabatic and reversible. In other words,it is assumed
that the gas neither gains norloses heat and that the energy of expansion

is converted into kinetic energy. With the exception of a few diatomic
gases, a gas that expandsin accordance with the Perfect Gas Lawsis

rarely encountered in refinery practice. The deviation from the Perfect 1.2

Gas Laws becomes greateras the actual gas approaches a condition of
saturation, which is the usual condition for safety-relief valves in
refinery service.

The flow of actual gases is complicated because the isentropic

coefficient varies throughout the expansion, whereas for an ideal gas

the isentropic expansion coefficient remains constant. Consequently,

for actual gases, an isentropic coefficient can be used based on an
average value between the upstream pressure and the pressure in the

throat ofthe nozzle which,in the case ofmaximum flow, is the critical-

flow pressure. This has been done for the lighter hydrocarbons, as

shown in this figure. The chart gives average values of the isentropic

coefficient for various molecular weights of paraffin hydrocarbons
expanding through an orifice or nozzle ofa safety-relief valve in which
the upstream pressure is at saturation and the pressure in the throat of
the orifice or nozzle is the critical-flow pressure. The letter n is used
for the isentropic coefficient of the actual gas to distinguish it from k,

the isentropic coefficient of an ideal gas which is equal to the ratio of

specific heats Cp/C,.
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CHAPTER ELEVEN

Tank Vents
Program 29 Pressure and Vacuum Flows

Typical Data

 

 

Large storage tanks generally have floating roofs and thus do not require

venting; smaller tanks having conical roofs will require venting. All tanks

should be designed to API 650 and vented according to API 2000. Emer-

gency pressure relief is provided in the tank design by the frangible char-

acteristics of the shell-to-roof seam.
Tanks designed to API 650 are limited to a maximum pressure of 2.5

pounds per square inch. This pressure is largely determined by the thickness

of the roof material. The minimum requirement for products of low volatility

is 3/16-inch steel, which weighs 0.84 ounces per square inch. The roof is

supported by an inside frame, and it is usually stronger under vacuum than

under pressure. A limit of 0.5 ounces per square inch for both pressure and

vacuum is quite common for a 3/16-inch thick steel roof.

Underpressure can cause the tank walls to buckle, which is more difficult

to repair than a weak seam splitting from overpressure. Underpressure may

typically be caused by a thunderstorm on a hot day, sometimes causing a

temperature drop of 40°F. If product is being withdrawn at the same time,

the in-breathing requirement can be quite high.

The API code states that free vents shall not be used when the contents
have a flashpoint below 100°F. Only breather valves are acceptable under

this curcumstance. Flame arrestors should be used when the product flash-

point is below 100°F or when the bulk of the contents can be heated to the

flashpoint under operating conditions (refer to Figure 11-1).

The size of the assembly is selected so that both the pressure flow and

the vacuum flow keep the vessel pressure within the prescribed limits.

The program uses the worst conditions from Varec Venting Formula' and

the API 650.” It is recommended that copies of API 650 and the Varec

Technical Bulletin CP1001 be obtained for reference purposes.
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Flame Arrester

Pressure and Vacuum Relief Valve

 

Free Vent

Figure 11-1. Typical venting devices.
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Program 29
Pressure and Vacuum Flows

Program 29: User Instructions

a) Initiate program, press A.

b) Enter:

1.
2.

N
n

b
h

W
w

7.
8.

Tank size in barrels

Coefficient of cubical expansion of stored product

per °F, dimensionless

Expected ambient temperature change, °F
. Tank fill rate, barrels per hour

Tank empty rate, barrels per hour

. Reid vapor pressure of product at 100°F PSIA (if

zero is entered, the program goes to the calculation;

if not, it continues.)

Vapor molecular weight, dimensionless

Product specific gravity, dimensionless

¢) Program calculates pressure venting flow, SCFH, and

vacuum venting flow, SCFH.

Notes:

1. Select size from manufacturers’ catalogs.

2. The E subroutine is available to change data and recalculate.

Press R/S

Press R/S
Press R/S

Press R/S
Press R/S
Press R/S

Press R/S
Press R/S

 

Program 29: Tl 59 Data Sheet

FEEREEFEERERERERE LAY EMTR EMFTY RATE EFH
20000,

TRHE YENTE EHTR 100¢F R¥F PSIA

REE EEESE EERE EE SE EMTR MW YAF
43

EHTR TAHE SIZE BEL ENTR =6 LIC
Sooo,

EMTR CUBICAL EXF-IF i
GO. 002 =

EMTR TEMP CHHGE FH F
40 ci

EHTR FILL FATE EFH
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FEEEESoa E ESERye EMTR FILL ERATE EPH
1000.

EMFTY RAT
S00,

ENTE 100%F REVWF FSIA
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Program 29: TI 59 Register Loading

 

      
PARTITIONING =

479.59 0
ii. i

 

Jo
o
0
P
G

[0

  

t
=
]
T
L
)

F
a

0

 

iis 3

ido a 3

oT To To
i = So

i, ii = =
= - : = ~

i i 17a I"

I
) at

a
A
Z
Z

“
o
m

“
W
I
|

I
a
J

=
L
n

pet
e
T
l
T
o
l

1
m
)

a
T
L
N

J
a
G
0
0
e
e

S
T

L
R

f
a
L
O
T

F
e
=

f
a
0

o
n
o

a
T
d

0

o
v
J
a
1
0

=
[
d
T

Z
L

Ga
lt
a
d

f
o

po
te

ST
)
i
a
l
]
a

C
N
C

r
=
=

T
d

   

L
N
d
e
0
T
l

a
LT
T
F
a
0

T
h
b
e

Tr

V
E
T

T
C
U
T
O

P
o
T
o
l

P
l
)

be
d
p
t

po
t

po
oh

po
ke

po
at
e

ot
e

fo
es

fo
s

fo
e

|

o
o

  
 

 

=
£ 7

=2

 

C
C
R
C
R
C
R
C

Ln
C
C
R

ON
Ee

fe
f
f

J
f
a

 

W
O

 

Program 29: TI 59 Listing
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Program 29: HP 41CV Data Sheet

oe oh A ok ok ek ee sk kok

*TANK VENTS*

oe of 3 de She he ok ke ok sk ok ok

ENTER TANK SIZE BBL
$0.000.800  *»»

ENTER CUBICAL EXP/DEG F
8.082 Hx

ENTER TEMP CHANGE DEGF/N
40.008 sx»

ENTER FILL RATE BPH
1,000.008 s+

ENTER EMPTY RATE BPH
2,300.808  **2

ENTER SG LIQ
0.489  »¥x

CALC PRSS
FLOW SCFH

59,884,865 sx
CALC VACUUM
FLOW SCFH

66,813.023  #&x

He of ofc Hk oe ok dk dk ok ok ok ok

oe oe oF3K ok Hk oe of ok Skok

*TANK VENTS:*

ENTER CUBICAL EXP/DEG F
8.892 x

ENTER TEMP CHANGE DEGF/H
40.808  *¥x

ENTER FILL RATE BPH
1,0809.880 he

ENTER EMPTY RATE BPH
2,000,060 x

ENTER 1@@DEGF RYP PSIA
6.000 "He

CRLC PRSS
FLOW SCFH

41,440,089 x3
CALC VACUUM
FLOW SCFH

92,572.539 xx

 

ENTER 18@DEGF RYP PSIR ob sk He ok ok oe oe of of ke de of

5.088 sx» ofc ob 3 ak sk she she 3k ok ok ok ok
ENTER MN YAP ENTER TANK SIZE BBL

43.088 *% 20,000.0800  **=

Program 29: HP 41CV Register Loading

SIZE 080 R26= “YENTSs* R53= =CURICA*
ROG= 1A,R1ABRE R27= 6.0098600 R54= =L EXP/"
R81= @.0R8844 R28= 0.000008 RIS= ~xktrss"

RA2= @.008048 R29= 0.6640a00 RS6= =CALC *
RA3= 9.000048 R38= 25.260000 R57= “ENTER *
RB4= 0.000808
RB5= 0.880806
R86= 8.000008
RO7= 8.680808
RES= 9.880090
R89= 9.000099
R18= 8.000800
R11= 9.608880
R12= 9.080808
R13= 8.888087
R14= 0.880009
R15= 9.680800
R16= 0.808808
R17= 0.9008809
R18= 6.000080
R19= 0.080690
R28= 8.608080
R21= 9.800800
R22= 0.600880
R23= 0.000090
R24= 9.000009

R25= “*TANK °

R31= 57.5@5152
R32=  57.535460
R33= 57.616263
R34= 57.646566
R35= 57.676566
R36= 57.686978
R37= 8.800680
R38= 57.718089
R39= 57.720000
R48= 9.000000
R41= 56.767374
R42=  56.757374
R43= 9.080000
Rd4= 0.000000
R45= 8.080088
Ré6= 8.080000
R47= 0.800000
R48= 9.000090
R49= @,000000
RS8= “TANK *
RS1= “SIZE B°
RS2= -8L *

RS8= 42.080008
RS9= 9.000000
R68= “DEG F-
Ro1= =TEMP C*
R62= “HANGE =
R63= =DEGF/H*
R64= “FILL *
R65= “RATE B"
Ro6= PH"
R67= “EMPTY *
R68= -180DEG"
R69= °F RVP *
R78= =PSIR"
R71= “MN VAP®
R72= =SG LIQ"
R73= ° FLOW *
R74= =SCFH"
R75= “YACUUN"
R76= °PRSS
R77= 0.080008
R78= 0.000000
R79= 9.000000
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SUBROUTINES

B1eLBL "VENTS"
82 GTO A

PRINT LINE OF
STARS

@3eLBL a
84 FC? 55
85 RIN
86 59.99
87 ADY
88 SF 12
#9 XEQ b
10 ADY
11 RTH

PRINT LINES

12+LBL d
13 SF 12
14 1
15 ST+ 58
16 RCL IND 58
{74LBL b
18 STO 59
19 CLA
204LBL c
21 ARCL IND 59
22 RCL 99
23 FRC
24 108
25»
26 STO 59
27 X20?
28 GT0 ¢

29 FC? 55
38 GTO 81
31 PRA
32 CF 12
33 RIN

J4¢LBL 61

35 CF 12
36 AYIENW
37 RTN

PRINT & STORE
VARIABLES

38¢LBL e
391
48 ST+ 58
41 RCL IND 58
42 X=0?
43 RTN
44 XEQ b
451

46 ST+ 81
47 RCL IND #1
48 TONE 9

Tank Vents

Program 29: HP 41CV Listing

49 FS? 00
58 GTO @!
51 STOP
52 STO IND 01
53¢LBL 61
54 XEQ J
55 GTO e

RE-ENTER
VARIABLES

564LBL “REENTER®
57 RADY
58 1
59 +
68 STO a1
61 7
62 RCL #1
63 XY?
64 GTO 81
65 RCL 67
66 X=8?
67 SF 83
68eLBL 81
69 RCL IND 81
78 XEQ J
71 STOP
72 XER J
73 STO IND 81
74 ADY
75 SF 82
76 RCL 87
77 X=8?
78 GT0 82
79 FC? 83
88 GTO 82
817
82 ST0 81
83 37
84 STO 59
85 XEQ e
86eLBL 82
87 CF 83
88 STOP
89 RCL 87
98 X=?
91 GTO C
92 GTO B

BYPASS PRINTER

93+LBL J
94 FC? 55
95 GTO 81
96 PRY
97 RTN
98+LBL 61
99 VIEW X

108 RTN

COMMON CALC

181¢LBL F
182 RCL 82
183 RCL 83
164 =
185 RCL 04
186 *
187 RCL 10
108 +
189 5.6
118 *
111 RTH

MAIN PROGRAM

ENTER DATA

112¢LBL RA
131
114 STO 81
15 29
116 STO 58
117 XE@ a
118 XEQ 4
119 XE@ a
128 FS? 82
121 SF ae
122 CF 82
123 XEQ e
124 RCL 87
125 X=?
126 GTO C
127 XEQ e

128¢LBL B
129 RCL 85
130 STO 18
131 RCL 87
132 1.478
133 v4
134 6208

135 7

136 .08845

137 +

138 RCL 85
139 =

148 132867
141 »
142 RCL 89
143 #
144 RCL 03
145 /
146 XEO F

147 +



148 RCL 88
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181 RCL 82 216 .6449
149 28.97 182 %(=Y? 217 YX
158 7 182 GTO 01 218 36.204
151 SORT 184 .6449 219 +
152 * 185 Y1¥ 229 STO 14
153 STO 11 186 36.204 221 GTO I

187 * 2224LBL 03VAC FLOW
188 STO 13 223 STO 14VOLATILE LIQ 19 379 1

io Se? SELECT & PRINT
: LARGEST157 RCL 82

158 * . 2240L8L 1

159 ROL 89 a 25 48
168 * 193 ST 13 226 STO 58

161 RCL 88 194 STO 14 227 XEQ d
162 / 195 &T0 I 228 RCL 11
163 XEQ F 229 RCL 13
164 + NONVOLATILE LIQ 238 =v?
165 STO 12 PRES FLOWS 231 RIN
166 GTO D 196oLEL C 232 STO 15

PRES FLOW 233 XQ J197 25896
NONVOLATILE LIQ 198 RCL 82 VAC FLOW

1674LBL C 199 X(=Y? SELECTION
168 RCL 85 280 GTO 82 OF THE LARGEST
169 STO 18 281 .625 234 ¥FQ d

178 XEQ F 282 YX 235 RCL 12
171 £70 11 2083 27.5195 236 RCL 14

204 + =v?
VAC FLOW 285 S10 13 LR

NONVOLATILE LIQUID 2086 GTO H 239 STO 14
172 RCL 96 287+LBL 82 249 ¥EQ J
173 STO {A 208 .6 241 FS? @2

174 SEQ F 209 * 242 STOP
175 STO 12 219 STO 13 243 CF 08

244 ¥EQ a
API TANK 20,000 VACUUM FLOWS 245 RCL 15
VOLATILE LIQ 246 RCL 16

1764LBL D 2114L8L H 247 VIEW ¥
177 RCL 87 212 26009 248 BEEP
178 ¥=37 213 RCL 82 249 ADV
179 GTO © 214 ¥(=1? 258 STOP
188 200A¢ 215 GT7 £3 251 END.

 

Program 29: Sequence of Calculations

Nonvolatile liquids

1. Calculate flow caused by internal pressure.

a) 0, = 5.6D (D + ABC) SCFH'



350 Tank Vents

b) Tank less than 25,000 barrels:

Q, = .6A SCFH?

Tank more than 25,000 barrels:

Q, = 27.5159A°° SCFH?

c) Select the largest Q,.

2. Calculate flow caused by internal vacuum.

a) Q, = 5.6E (D + ABC) SCFH.!

b) Tank less than 20,000 barrels:

Q, = A SCFH?

Tank more than 20,000 barrels:

Q, = 36.204A%*’ SCFH*

c) Select the largest Q,.

Volatile liquids

1. Calculate flow caused by internal pressure.

a) Q, = (5.6 D(D + ABC) + (D((F*“"*/6200) + .0045)
x 132,867 G/M)) \/M/28.97 SCFH"

b) Tank size less than 20,000 barrels:

Q, =A, SCFH?

Tank size more than 20,000 barrels:

Q, = 36.204A%*° SCFH?

c) Select the largest Q,.

2. Calculate flow caused by internal vacuum.

a) 0, = 5.6E (D + ABC) + 26.57AG SCFH'

b) Tank size less than 20,000 barrels:

Q, = ASCFH?
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Tank size more than 20,000 barrels:

Q, = 36.2044%*° SCFH?

c) Select the largest Q..

Program 29: Nomenclature

Tank size, barrels

Liquid cubical expansion coefficient per °F

Temperature change, °F per hour

Tank fill rate, barrels per hour

Tank empty rate, barrels per hour

Reid vapor pressure at 100°F, PSIA

Liquid specific gravity, dimensionless

Vapor molecular weight, dimensionless

Pressure flowrate, SCFH
Vacuum flowrate, SCFH

P
T
O
T
H
U
A
W

©
©

Literature Cited

1. Varec Technical Bulletin CP1001, 10800 Valleyview Street, Cypress,

California 90630.

2. API 650, American Petroleum Institute, Refining Department, 2101 L.

Street Northwest, Washington, D.C. 20037.
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Physical Properties of Typical Liquids Stored in Closed Roof Tanks
 

 

 

 

 

 

 

 

Liquid
Specific
Gravity

Cubical Vapor 29.9 in.
Expansion Pressure Hg.
Per °F at PSIA at Molecular Pressure,

Liquid 60°F 100°F Weight 60°F

Acetone .00083 7.5 58.08 .792

Acetic Acid .00053 q 60.50 1.049

Benzene (Benzol) .00069 3.2 78.11 .880

1,3-Butadiene .00113 58.0 54.09 .621

n-Butane .00117 52.0 58.12 .584

Butyl Alcohol .0005 1.84 74.1 .814

Butylene (/-Butene) .0116 66.0 56.10 .601

Carbon Disulphide .00068 11.0 76.13 1.300

Cyclohexane .00068 33 84.16 779

n-Decane .00055 .064 142.28 .730

Ethyl-Acetate .00074 33 88.10 .899

Ethyl-Alcohol .00062 2.26 46.07 .790

Ethyl-Ether .0009 16.0 74.12 .710

Gasoline .00053 5.3 .750

n-Hexane .00075 4.8 86.17 .664

n-Heptane .00069 1.63 100.20 .688
Hydrochloric Acid 30% .00027 .58 72.50 1.460

Isobutane .0012 72.2 58.12 .563

Isobutene

(Methyl Propene) .0012 65.1 56.10 .626

Isopentane .0009 20.3 72.15 .625
Isopropyl-Alcohol .00057 1.85 60.09 .789
Methyl-Alcohol .00067 4.6 32.04 .792

Nitric Acid 50% .00053 . 81.03 1.500

Nonane-n .00063 .19 128.25 .718

n-Octane .00062 .54 114.22 .706

n-Pentane .00089 15.5 72.15 .613

Propane .00152 189.5 44.09 .507
Sulphuric Acid 50% .0002 .6 116.05 1.84

Styrene .00057 .275 104.14 .907

Toluene .0006 1.05 92.13 .866
Water .00012 .949 18.02 1.000

o-Xylene .00055 42 106.16 .880
 



Typical Data

True Vapor Pressure of Crude Oils
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Reprinted courtesy of the American Petroleum Institute, Technical Data Book.
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CHAPTER TWELVE

Safety Heads
Program 30A Liquid Flow

Program 30B Gas or Vapor Flow

 

 

A safety head is a rupture-disc assembly. This arrangementis preferable

to mounting the rupture disc between flanges because it assures proper align-

ment, proper seating, and a low probability of damage.

The rupture disc is a reliable, accurate, and low-cost method of preventing

overpressure. It can be used as a stand-alone device or in combination with

a relief valve when bubble-tight shutoff is required during normal opera-

tions, and when some resealing capability is required after overpressuring

has occurred.
B S & B publication 77-1000 is recommended for more details.

 

Program 30
Safety Heads
 

Program 30: User Instruction

Liquid calculation, press A.

a) Enter:

1. Required flowrate, pounds per hour Press R/S
2. Pressure drop across rupture disc, PSI Press R/S

b) Program prints required diameter, inches.

Gas and Vapor calculation, press B.

a) Enter:

1. Required flowrate, pounds per hour Press R/S
2. Flow temperature, °F Press R/S
3. Rupture pressure, PSIG Press R/S
4. Molecular weight, dimensionless Press R/S

b) Program prints required diameter.

 

356
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Typical rupture disc

Typical assembly in pipe. Jack screws are
inserted through lugs welded to OD of pipe
flanges. Mounting can be either vertical or
horizontal.

 

Flange-Type Safety Head Fittings
Sizes 12” through 44 ”

Flange-type heads normally conform to
ASA bolting patterns. Standard connections
are welded, threaded, and flat-faced. The
flat-faced fittings can be mated to or inserted

between ASA pipe flanges. Nominal pres-
sure ratings for standard flanges:

12" through 4”"—up to 6000 psi @ 100° F.
6" —up to 2160 psi @ 100° F.
8" through 12"—up to 720 psi @ 100° F.

14" through 44"—up to 275 psi @ 100° F.

Safety head flanges with higher pressure
ratings are available.
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Program 30: Tl 59 Data Sheet
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Program 30: Tl 59 Register Loading
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Program 30: Tl 59 Listing
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143 V1 SEE
142 290 LST

150 42 RCL

131 rv
132 71 SER
132 51 GTO
1524 95 RADY
135 42 ECL
12 2V E27
137 71 SEER
138 42 570
13% 43 RCL
led 20 20
161 V1 SEE
le2 42 570
163 43 RCL
led 13 19
183 71 SER
lee 42 570
1e¥ 432 RCL
laa 218
les 71 SER
tr 42 570
171 43 RCL

172 21 2

1v2 71 SEE

174  &1 570
175 43 ECL
176 03 03
177 25 +

178 04 4

179 10e &
180 an iQ

121 495 =

122 42 =70
123 02 03

124 43 ECL

iss 04 04
186 35 +

187 ai 1

igs 04 4

igs 93
190 ay 7

igi 95 =

i9z 42 57C

193 IE ag

i94 43 RCL

195 0z az

126 55 =

197 ai i

19s 07 7
199 04 4

200 55% +
201 43 RCL

202 04 04
203 R/S =

204 53 i

205 43 ECL
206 03 03

207 55 =

202 43 ECL

20% 0% 05

210 S54 2
211 34 Ia

212 25 =

212 324 I's

214 95 =

215 42 S70
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Program 30: HP 41CV Data Sheet

Ae ofc fe dhe of He dk Ne be ok ok of:

SAFETY HERD
*LIQUID*

A 3k ok ok oe oe ofc de Ae ok de of:

ENTER FLOW PPH
12,245,100.80  #x=*

ENTER SG
1.000068  **»

ENTER PRSS DROP PSI
80.000008 xx

CALC DIAMET
ER INS

12.357583 se

Ae 2 oc 3c fe dk of oe He ok de ok

Ae 3c ok He of oe Se of oe oe kk

SAFETY HERD
*GAS*

Ae 2c He de fe fe of of ak Hk Hk

ENTER FLOW PPH
10,000.80080 sx»

ENTER TEMP DEG F
333.000000 ss»

ENTER RUPTURE PRSS PSIG
100.000090  **=

ENTER MW
18.300000 +++

CALC DIAMET
ER INS

1.826528 ==

A ofc 3 oe of of de de oe afc kk

 

Program 30: HP 41CV Register Loading

SIZE 080
RBA= 6.008000
Ré1= 0.000000
R82= 9.000000
R83= 9.000008
Re4= 9.000000
R85= 9.000000
RO6= 0.000068
RA7= 0.000000
R88= 9.000800
R89= 9.000000

R18= 0.000000
Rit1= 0.000000
R12= 9.000000
R13= 0.000000
R14= 8.000480
R15= 0.008000
Ri6= 0.000000
R17= 0.000000
Ri8= 0.000000
R19= 9.000008
R26- 9.900000

R21= 0.000698
R22= 0.800000
R23= 0.800000
R24= 0.000800
R25= "SAFETY"
R26= "= HEAD"
R27= = sLIQ*
R28= UIDs"
R29= = GA"
R38= 0.000060
R31= 25.262728



R32= 57.515208
R33= 57.530008
R34= 57.546861
R35= 0.000808
R36= 56.626380
R37= 0.008008
R38= 25.262958
R39= 57.5152680
R48= 57.646580
R41= 57.666768
R42= 57.690088
R43= 0.000068
R44= 56.626300
R45= 8.000840
R46= 0.008800
R47= 9.800840

R48= 0.000008
R49= 9.000000
RS@= ~S#-
RS1= “FLON P*

RS2= PH"
R33= SG
R54= =PRSS *

R39= “xsxsxx"

RS6= CALC -
RS7= “ENTER *

RS8= 35.000000
R39= 0.000008
R68= DROP °

R61= °PSI =
R62= “DIAMET"
R63= "ER INS"

Safety Heads 361

R64= “TEMP D*
R65= “EG F*
R66= “RUPTUR"
R67= “FE PRSS®
R68= = PSIG"
R69= “MN *
R78= 19.800000
R71= 9.008008
R72= 9.008000
R73= 8.000000
R74= 9.000096
R75= 0.608060
R76= 8.800808
R77= 8.000800
R78= 0.008000
R79= 9.800000

 

SUBROUTINES

@14LBL “SFTYHD"
82 G70 RA

PRINT LINE OF
STARS

83¢LBL a
84 FC? 55
85 RTN
86 55.55
87 ADV
88 SF 12
89 XEQ b
18 ADY
11 RTN

PRINT LINES

12¢LBL d
13 SF 12
14 1
15 ST+ 38
16 RCL IND 58
17¢LBL b
18 STO 59
19 CLA
204LBL c
21 ARCL IND 59
22 RCL 59
23 FRC
24 100
25 #
26 ST0 59
27 %28?
28 G10 c
29 FC? 55
38 GTO 01
31 PRA

Program 30: HP 41CV Listing

32 CF 12
33 RN
34eLEL A]
35 CF 12
36 AVIEN
37 RTH

PRINT AND STORE
VARIABLES

38eLBL ¢
391
49 ST+ 58

41 RCL IND 58

42 %=0?

43 GTO d
44 XEQ b

45 1
46 ST+ 81

47 RCL IHD 61

48 TONE 9
49 FS? AR

58 GTO 81

51 STOP
52 STO IND #1
53¢LBL 81
54 XEQ J
55 GT0 e

RE-ENTER
VARIABLES

564LBL "REENTER"
57 ADY
58 FS? 83
59 GTO 81
68 1
61 GTO 82
62¢LBL 81
63 5
64+LBL 82

£5 +
66 STO 01
67 RCL IND 81
68 XEQ J
69 STOP
78 XEQ J
71 STO IND 81
72 ADY
73 SF 82
74 STOP
75 F372 01
76 GTO F
77 GTO G

BYPASS PRINTER

78eLBL J
79 FC? 55
80 GTO a1
81 PRX
82 RIN
83e¢LBL 81
84 VIEW X
85 RTN

MAIN PROGRAM

LIQUID

86¢LBL A
87 FC? 82
88 CF 83
89 FS? 83
90 GT0D “GAS*
91 FS? 82
92 SF @@
92 SF 81
94 CF 82
951
96 STO 61
97 30
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98 ST0 58 119 G10 A 142 +
99 XEQ a 120 FS? 82 143 SORT
100 XEQ d 121 SF 09 144 »
161 XEQ a 122 SF 03 145 RCL 09
102 XEQ e 123 CF 02 146 SRT
103¢LBL F 124 37 147 /
104 RCL 62 125 ST0 58 148 SORT
185 8965 126 5
106 / 127 ST0 01
167 ROL 03 128 ¥EQ a COMMON ENDING
188 SORT 129 XEQ d 1490LBL H
109 / 139 XEQ a 158 STO 85
118 RCL 84 131 XEQ e 151 XEQ J
111 SORT 13201BL © 152 FS? 82
112 7 133 RCL 96 153 STOP
113 SRT 134 174 154 CF 89
114 CTO H 135 / 155 XEQ a

136 RCL 08 156 RCL 85
GAS 137 14.7 157 VIEW X

1156LBL “CRS® 138 + 158 ADV
116 FC? 82 139 7 159 BEEP
117 CF 01 140 RCL 87 168 STOP
118 FS? 61 141 468 161 END.

 

Program 30: Sequence of Calculations

Liquids

1. Calculate required diameter.

D = inches
 

8965 \/G, AP

Gas and Vapor

1. Calculate required diameter.

 

Program 30: Nomenclature

D Required diameter for flow conditions, inches
G;, Liquid specific gravity, dimensionless



S
N
E
T
R

3
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Gas molecular weight, dimensionless

Gas flowing pressure, PSIA

Liquid pressure drop (inlet pressure — back pressure), PSI

Gas flowing temperature, °R

Flow through rupture disc, pounds per hour



Index
 

ACFH,239
Acoustic efficiency charts, 58, 59

Annubar, 208, 223

Anti-cavitation trim, 7

Back pressure, relief valves, 255

Bellows relief valves, 251

Beta ratio, 80, 90

Calculator instructions, 3

Cavitation, 7, 12

CFH, 239
Charts and tables

annubar data, 223

control valve sizing
acoustical efficiency, 57

physical properties of common
fluids, 53

pipe data, 61
representative Fy factors, 53
variation of F; with valve

opening, 60

Flame arrester capacity chart, 352
Flow element sizing

equal thermal expansion
temperature for different
materials, 162

physical properties of common
fluids, 163

pipe data, 165
viscosity corrections, 171

pressure drop calculation
resistance of valves and

fittings, 76
relief valves

isentropic expansion coefficient
(n), 336

physical properties of common
gases, 265

364

physical properties of common
liquids, 337

wetted perimeter of vessels,
335

rotameter data, 237

Choked flow factor, 6

Clearing the calculator, 3
Compressibility factor (Z), 194
Control valves, 6

gas flow, 10, 22

liquid flow, 7, 11

rangeability, 10
sizing, 53, 57, 60, 61

steam flow, 10, 32

two-phase flow, 10, 42

Corner taps, 78

Data, enter different, 4

Decimal point setting, 4
Density, 194

Differential range
orifice plate, 80

pitot tube, 208

““E”’ subroutine, 4

Enter equivalent data, 4

Equivalent length of straight
pipe, 76

Error conditions, 2

F4 factor, 53

F, factor, 53, 60

Flame arresters, 341, 352

Flange taps, 77, 80, 122

Flashing liquids, 7
Flow elementsizing, 162, 163,

165, 171



Flow conversions

CFH to SCFH, 240

PPH to SCFH, 240

PPH to USGPM,240

SCFH to CFH, 240

SCFH to PPH, 239

USGPM to PPH, 240

Flow nozzle calculation, 101, 153

Flow measurement

gas

flow nozzle calculation, 153

orifice plate calculation, 121
pitot tube calculation, 208
venturi calculation, 153

liquid

flow nozzle calculation, 101

orifice plate calculation, 81
pitot tube calculation, 208
universal calculation, 111

venturi calculation, 101

rotameter

gas, 229
liquid, 229

Gases

calculate instrument data, 194

common, physical properties
of, 265

Hewlett Packard HP41CV, 3

Instructions
calculator, 3

programs (see Program user
instructions)

Isentropic expansion coefficient,
336

Latent heat of vaporization,

194, 314

Liquids, common, physical
properties of, 337

Lo-loss tubes, 120

Magnetic cards, 3
Manual operations, 4
Meter runs, 78

Mixtures, 194

Index 365

Noise, 6, 7, 12, 23, 33

Orifice calculations

corner taps, 142
flange taps, 81, 111, 121

pipe taps, 91, 133
Orifice flanges, 77, 79

Orifice plates, 77

Partitioning instructions for TI 59, 3

Physical properties of common
fluids

calculation of compressibility
data, 194, 205

calculation of density data,
194, 205

control valve data, 53

flow element data, 162

Pipe data, 61, 165

Pipe taps, 28, 132

Piping geometry factor, 20, 31, 40,

52

Pitot tubes, 208

PPH, 239

Prefabricated meter runs, 78

Pressure drop, 67, 76
Pressure recovery factor (Fp), 20,

60

Programmable calculator, 1
Protected cards, 2

Quadrant-edge orifice, 120

Rangeability, 10
Ratio of specific heats, 194

Re-entering data, 4

Relief valves, 250

entrapped liquids, 284, 294
fire sizing—gas, 323
fire sizing—Iliquid, 303

fire sizing—relief temperature,
314

gas and vapor flow, 255
liquid, 279
pressure and vacuum, 340

steam, 266

Restriction orifices, 175

Rotameters, 229, 237
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Rounding out answers, 4
Rupture discs, 356

Safety heads, 356

SCFH,239
Setting up instructions, 3
*“Size’’ instruction for HP 41CV,4

Sonic velocity, 10, 30, 40

Sound pressure level, 31, 41

Specific weight, 194
Subroutine—re-enter (E), 3

*“S’’ values for lo-loss tubes, 120

*“S’” values for quadrant-edge
orifice, 120

Tables and charts (see Charts and

Tables)

Tank vents, 340

Texas Instruments TI 59, 3

Thermal paper, 4

Two-phase flow, 10

Typical Data (see Charts and
Tables)

Universal orifice calculation, 111

User defined keys, 4
Userinstructions for calculator, 3

(see also Program user

instructions)
USGPH, 239-240

Valves, control, 6

Vapor pressure of crude oils, 355
Vents, 340

Venturi, 77

Venturi calculation, 101, 152

Viscosity charts, 171

Weight rate of flow, 239

Z-compressibility factor, 194









TI-59 and HP- 41CV
Instrument Engineering Programs

This book lets instrument engineers fully exploit the programmable calcula-
tor to quickly and accurately determine instrumentation requirements. No
longer must you perform tedious manual calculations or rely on costly, inflexi-
ble time-sharing computers. The programmable calculator has changed all that,
and TI-59 and HP-41CV Instrument Engineering Programs makes it an even
more effective tool for solving an array of complex instrumentation prob-
lems—including those requiring successive iterations.
The text contains programs for sizing control valves and pressure-relief

valves for liquid and gas flows; calculating flow for orifice plates with flange,
pipe, and corner taps; and converting flow from one unit of measurement to
another. Storage-tank vents, breather valves, and flame arrestors with volatile

and nonvolatile liquids are covered, along with programs for hard-to-find
instrument process data, such as compressibility factors and specific weights.

Each program presented offers a sample problem, user instructions, a pro-
gram printout, a derivation of the final mathematical analysis, and standard
data for common liquids and gases.
The immediate access, instant answers, and ease of recalculation give the

programmable calculator the edge over all methods of determining instrumen-
tation requirements. 77-59 and HP-41CV Instrument Engineering Programs
shows the instrument engineer how to derive the greatest cost benefits and time
savings from using these sophisticated, inexpensive programmable calculators
to perform complex engineering calculations.

Stanley W. Thrift, P.E., is an instrumentation engineer with Catalytic Enter-
prises Limited in Sarnia, Ontario, and a senior member of the Instrument

Society of America.
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