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THE Ti-59 PAKETTE STORY

Since the early days of handheld programmable calculators, Texas
Instruments (T1) has been deeply involved in supplying not only
calculators with exceptional power but also programs (software) to
match. Many experts were put to work within their special fields of
endeavor to design quality Software Libraries for Tl calculator
users. Among the Libraries produced by Tl for the TI-59 are:

e Statistics e Aviation
e Real Estate and Investment e | eisure
e Surveying e Business Decisions
e Navigation e Securities Analysis

Fully recognizing TI-59 users may require programs other than
those included in TI-59 Libraries, a second program source was
deveioped. This source, the Professional Program Exchange,
gathers, compiles and redistributes programs written by TI-59
users who defined their own specific program needs and filled
these needs by writing programs. These programs, now in
Pakettes, add a new dimension to the software made available to
T1-59 user. Combining some of the best Tl originated programs
with the most popular programs found in the Professional Pro-
gram Exchange, Program Pakettes offer a true software value.
Current Tl Pakette offerings include:

Securities Astrology
Statistical Testing Programming Aids
Civil Engineering 59 Fun

Electronic Engineering 3-D Graphics

Blackbody
Oil/Gas/Energy
Printer Utility

Fluid Dynamics
Mathematics
Lab Chemistry
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Submission Abstract

Program Title
SOLUTTON TO PIPE PROBLEMS

Rev.

given any of the other three, Solution

Abstract of Program g1 yes for either Head loss, length, diameter, or flow when

iterative method using the Colebrook and Darcy~Weisbach equations.
are made to include the Head loss coefficients of fittings.

Original TI-59 Program by Allan Tremblay of Quebec, Canada.

is accomplished by the Newton-Raphson
Provisions

User Benefits:

Eliminates need for the Moody diagram.

Category Required Prog. E(EJ-FL?SA Needed O
Number 61 Progs. Steps 707 Module 1D _

Submittal Agreement

All of the information farwarded herewith is contributed to Texas
Instruments on a nonconfidential, nonaobligatory basis; no

Submission Checklist

relationship, confidential or otherwise, express or implied, is Ej Recorded
established with Texas Instruments by this contribution. Texas Magnetic Cards
tnstruments may use, copyright, distribute, publish, reproduce o
or sell this information in any way it chooses, without compen- E!fl Submission Abstract
sation to me. To my knowledge, this data is not copyrighted, and ioti
contribution of this information to Texas Instruments by me does Es:] Program Des:.:np fon
not breach any obligation to any other person or organization User Instructions
relating to proprietary or confidential information. ﬁ Sample Problem

Signature Date Ff] Listing

Name Texas Instruments Tel. No. o

Address O

City. State Zip

IMPORTANT IN NC EVENT SHALL TEXAS INSTRUMENTS AND/OR THE

TEXAS INSTRUMENTS MAKES NO WARRANTY, EITHER
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE, REGARDING
THESE PROGRAM MATERIALS AND MAKES SUCH
MATERIALS AVAILABLE TO THE BUYER SOLELY ON AN
“AS-IS” BASIS WITH ALL FAULTS.

CONTRIBUTOR BE LIABLE TO ANYONE FOR SPECIAL,
COLLATERAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES IN CONNECTION WITH OR ARISING QUT OF THE
PURCHASE OR USE OF THESE MATERIALS AND THE SOLE
AND EXCLUSIVE LIABILITY TO TEXAS INSTRUMENTS
AND/OR THE CONTRIBUTOR, REGARDLESS OF THE FORM
OF ACTION, SHALL NOT EXCEED THE PURCHASE PRICE
OF THESE MATERIALS.
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Program Description

Program Title: ' Rev.
SOLUTICN TO PIPE PROBLEMS

Method, Equations, Sketches, Limitations, References, Error Recovery:

d - pipe diameter Re - Reynolds number

L - pipe length Hf - head loss

V - velocity of liquid Ge - gravitational constant {(either
v — kinematic viscosity 32.174 for English units or

Q@ - flow of liquid 9.806 for metric units)

f - flow resistance 1 — absolute viscosity

£ — pipe roughness p — density of liquid

is given) are:

RE = dV/v where v = u/p

Q = wd? V/4

Ax = x + 0,86 1n (Ax + B) where x = 1//f
1+ 0.86 (A/{Ax+B)) A= 2.51/Re

B = (e/d)/3.7
(The equation for Ax is the Newton-Raphson rearrangement of the

Colebrook equation)
HE = (f L V2)/(2 Ge d)
L = (Hf 2 Gec d)/(fV?)

v = u/p) are:

Ve (1//F) YHE 2 Ge d)/L
Q = (v d%2 V) /4
Re = (d V p)/u

L/VE = -0.86 In [ (e/d)/3.7 + 2.51/(Re Vi) ]

where Re ¥V f = ((dp)/n)Y({Hf 2 Go d)/L
(The equation for 1/¥f is the Colebrook equation)

ITII. The equations used to compute d, f, and/or Re (given Hf, Q, L, v =
u/o, and ) are:

I. The equations used to compute head loss or length (depending on which

(The equations for Hf and L are forms of the Darcy-Weisbach equation)

IT. The equations used to compute Q, V, Re, and/or f (given Hf, L, D, e, and

I3 See Continuation Sheet
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Continued From: [E Program Description O User Instructions X Stmt. of Example

Program Title: Rev.
SOLUTION TG PIPE PROBLEMS

d=[ (£ 8L Q?)/(r? Ge HE) |0-2
Re = [ (4 Qp)/(mu) | (1/d)

1/Vf = /Re/8 and the Colebrook equation
W= (1//£) ¥V (Hf 2 Ge d)/L

In section I, iteration stops when ] px | <.001

In sections II and ITI, iteration stops when

| 1/V £, - 1/V £, | <.001, where 1/¥ f, is the value obtained in
the previous iteration.

In all three sections, the border line between laminar and turbulent flow
is set at Re = 2100 (Re v = 367). Also, if applicable, the
equivalent length due to fittings, denoted Le, is computed by the
equation Le = (Kd)/f, where k is the head loss coefficient of fittings.

Continuation of Statement of Example

5.) Same as example 1, except that somewhere along the 1500 ft. pipe there
is a fully opened globe valve for which k = 10. Determine the Head loss.




- (psne) porra poseidsi — (] Kiue meilly — . SepOM - ISY¥ |ss91d) soTqHIiea SurIsius 910Jaq sTeT] HHuiummmm+
6
27181
J AT
ETE0) 3H q JH PULY O
P °D N\NPM = HqsT T ] w WMMW M%
91 P a 1
v A s/4
5 i (A PUTF 01 paanbax) O- ct A PUTF OF
dzl (0 seamorpur ulys sariefou) - q O pury of
il 0 1D AeTdsTp IBLTD
EFIATY! arqetaea umouyun a3ndwony| b
36 JH g FH JH
Ng T ] T 1
- p a P p
£ A IO (T |20 (A0 (A 30
Os v T |-/+ 0 0
Ag (7 #2431 3o ¢ I93ud)
P, S9TqETIBRA WAOUY I231uyg | ¢
T 3 e 3 T
£ a 4 o a
Fhe 29 v ) 29
i3 g3UB3SUOD I23Uyg z
o wexidoad zsauy| 1
(@R SHILSIDIY Y.LV {mojaq pusbaj aas) A0/ LN4LNO SS34d HAENA FHNA3D0Hd d3.18
6 8 ‘ 9 5 v £ (I8 z 0 IT 38|, ¢ 0 $OV4
suonesadpn
2 i = Buipuay
Ol TERTENT ER EE EN T Em sqnisig al einpoy Aleiqr SUSNSNJISU] JBsh
SSSUUSNOY, || g DA ER T B B3 W I
H_ﬁmumum._nb STIBWIUTH ¢ T I T E g O 535531ppY (aqeai(dde 1)
-U0) TBEUCTIBITAERIS BB T EET N 1 EN anjosqy $|9A37 HgS apopy Je|nbuy
' ¥ _— e — oy i prro — .
_BOTy ‘4 Top, || EH R NS T EA A 5 msboyy T g T TR £ _
A83BUWET, ElER MR E /A Slane sasayilased (/] Q) voniLiey Baiaae
3 TLITER A p A A - Bl =
Yasua, yalFslyioc iy Esldunlyinnly iy 5 5 - 5 - abuoypoxa wosboid &
SSOT PESHs || i LA™ bng i (B8 i B A (% 7 (2] O+ - - 55 jouolssajoid
F3707 P50 PROHY \I_-@ \EE =/ ﬂ:\:—@i% SWEId0dd Edld ¥04d NOIINTIOS Gmlxm& m
SA3Y G3NI43Q H3SN (80 dO) § 738V ap | wesbolg / <)
Aluo asn [ 404
8700 819 TT 407 3 obed




l6 . 1l8,0,0,8]

for Tt use oniy

of 11

//, i\\ 2 Z7 Page_ >

B professional
B program exchange

TEXAS INSTRUMENTS
Calculator Products Division

Sample Problem

Statement of Examgple

1.) Determine the Head loss due to the flow of 2500 gal./min. (5.57 ft3/sec)
of oil, v = 0.0001 ft?/sec, through 1500 ft. of 10" diameter (0.833 ft)
cast-iron pipe (e = 0.00085 ft).

2.} Water at 15°C (v = 1.13 x 10-°© mz/sec) flows through a 25 cm.-diameter
riveted steel pipe (¢ = 0,003M) with a Head loss of 5 Meters in 400 Meters|
Determine the flow.

3.) Water at 70°F (v = 1.1 % 10“5ft2/sec) flows through an 8"-diameter
(0.667 ft) steel pipe (¢ = 0.00015 ft). What length would be required
to produce a Head loss of 8 ft., Lbf/Lbm? Velocity is 4 £t/sec.

4.) Determine the size of clean wrought-iron (e = 0,00015 ft) pipe reguired
to convey 2000 GPM (4.456 fti/sec) of oil (v = 0.0001 ft2/sec)

5000 ft with a Head loss of 60 ft. Lbf/Lbm.

1 See Continuation Sheet

ENTER PRESS OUTPUT/MODE (see legend below} COMMENT
1.) RST reset flags
. 00085 c' 0.,00085 £
32.174 Al 32,174 Ge
. 0001 B' 0.0001 v
1500 C 1500 L
.833 D 0.833 d
5.57 +/- E 5.57 9]
CLR 0 clear display
B (1.5856229306) A% calculated
(0.0046372945) in each
{0.0000000345) iteration
67.31449243 HE
2.) RST
9.806 Al 9.806 Ge
1.13 EE 6 +/- B! 1.13 - 06 u
INV EE 0.00000113
.003 c' 0.003 £
5 B 5 HE
400 C 400 L
.25 D 0.25 d
CLR 0 clear display
Modes: n® — Printed only {n) — Displayed Briefly (Pause)}
{n}* — Printed and displayed

& Over
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5.)
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Sample Problem (cont'd
ENTER PRESS QUTPUT/MODE (see legend below) COMMENT
E —-. 0597494491 negative indicates Q
R/S 1.217105782 v
RST
32,174 Al 32.174 Ge
1.1 EE 5 +/- B! 1.1 =05 v
INV EE 0.000011
. 00015 c! 0.00015 €
8 B 8 HE
.667 D 0.667 d
4 E 4 v
CILR 0 clear display
C (2.612770094) iterations of
(.0201668154) Ax
{.0000009031)
1250.300312 L
RST Ge already in memory
. 0001 B' 0.0001 v
.00015 c' 0.00015 £
60 B 60 HE
5000 C 5000 L
4,456 +/ - E 4.456 Q
CiR 0 clear display
D (.1358517446) iterations of
{.0096988827) Ax
(.0006987223)
.9752566324 d (in ft.)
RST Gc and v already store
. 00085 c' 0.00085 €
1500 C 1500 1L
. 833 D {.833 d
5.57 +/- E 5.57 Q
10 A 10 K
CLR 4] clear display
B (1.585229306) iterations of

(.0046372945)
(. 0000000345)
83.54811965

wModes: n* — Printad oaly [n) — Displayed Briefly (Pause}

{n}* — Printed and displayed

Ax

HE
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TEXAS INSTRUMENTS
Caleulator Products Division

Submission Abstract

Program Title

HEAT TRANSFER COEFFICTENT/PRESSURE DROP

Rev.

Abstract of Program
geometric parameters.

on Reynolds Number,

This program calculates heat transfer coefficient and in-
compressible pressure drop in a closed conduit given fluid properties and

The selection laminar or turbulent correlations for
heat transfer coefficient and friction factor is automatically selected based
Separate keyboard functions are programmed for flow area,
heat transfer area, Prandtl Number, Reynolds Number and friction factor.

Original SR-52 Program by David Black of Pittsburgh, Pa.

User Benefits:

Provides keyboard functions for commonly used thermal/hydraulic design calcu-

lations.
Category Required Prog. fg;;?\?f" Needed &
Number__ 61 | Progs. Steps 319 Madule (D O

Submittal Agreement

All of the information forwarded herewith is contributed to Texas
Instruments on a nonconfidential, nonobligatory basis; no
relationship, confidential or otherwise, express or implied, is

Submission Checklist
E’ Recorded

established with Texas |nstruments by this contribution. Texas
Instruments may use, copyright, distribute, publish, reproduce

or selt this information in any way it chooses, without compen-
sation to me, Te my knowledge, this data is not copyrighted, and
contribution of this information to Texas Instruments by me does
not breach any abfigation to any other person or organization

Magnetic Cards
4 Submission Abstract
Q/Program Description
4" User Instructions

refating to proprietary or eonfidential informatian, g’;ample Problem
Signature Date Listing
Name Texas Instruments Tel. No. ]
Address L]
City State Zip
IMPORTANT INNO EVENT SHALL TEXAS INSTRUMENTS AND/OR THE

TEXAS INSTRUMENTS MAKES NO WARRANTY, EITHER
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO

THE IMPLIED WARRANTIES OF MERCHANTABILITY AND.

FITNESS FOR A PARTICULAR PURPOSE, REGARDING
THESE PROGRAM MATERIALS AND MAKES SUCH
MATERIALS AVAILABLE TO THE BUYER SOLELY ON AN
“A5-1S""BASIS WITH ALL FAULTS.

CONTRIBUTOR BE LIABLE TO ANYONE FOR SPECIAL,
COLLATERAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE
PURCHASE OR USE OF THESE MATERIALS AND THE SOLE
AND EXCLUSIVE LIABILITY TO TEXAS INSTRUMENTS
AND/OR THE CONTRIBUTOR, REGARDLESS OF THE FORM
OF ACTION, SHALL NOT EXCEED THE PURCHASE PRICE
OF THESE MATERIALS.



i Page 2 of 8 |611|8|0z1 12

For Ti use only

TEXAS INSTRUMENTS
Calculator Products Division

Program Description

Program Title: Rev.
HEAT TRANSFER COEFFICIENT/PRESSURE DROP

Method, Equations, Sketches, Limitations, References, Error Recovery:

Reynolds Number = Re = DhW/Apu
Prandtl Number = Pr = Cpp/k
h = 0.023 k_ Re0°8PrO'4, Re > 2300
Dy
- 1/3
b =1.62k | pReFr , Re < 2300
D, ] (/D)
2
FL
AP = [D—+ CO] {w/Af] f773p
f = 0.0056 + 0.5 Re”0‘32, Re > 2300
£ = 64/Re, Re < 2300
-y g2
Ae TNy _Dh
Aht = Nh T Dh L

actual flow area

2

Number of hydrauwlic channels for non-circular conduits = Nh =

]

— D

4 h
)

Program uses consistent set of units, Btu, sec, in, "F, 1b

{]15ee Continuation Sheet
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TEXAS INSTRUMENTS
Calculator Products Division

O Program Description & User Instructions

Continuation Shee
0 Stmt. of Example

Program Title: Rev.
HEAT TRANSFER COEFFICIENT/PRESSURE DROP
Step Procedure Enter Press Qutput
6 Calculate Re C Re
7 | Calculate Pr 2nd B! Pr
8 Calculate f (stores f in R16 for AP) D f
9 Calculate Af B Af
t
10 Calculate Aht 2nd E Aht
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TEXAS INSTRUMENTS |
Caleulator Products Division

Sample Problem

Statement of Example

Determine heat transfer coefficient and pressure drop for 100 1b/sec of water
flowing in 50 - 1/2 diameter tubes 20 ft long at 1009F.

O See Continuation Sheet

ENTER PRESS QUTPUT/MODE (see legend below) COMMENT
Enter progriam and alphanumerics
SBR STO 10
100 R/S 11 W in Reg. 10
.5 R/S 12 Dh in Reg. 11
50 R/S 13 Nh in Reg. 12
240 R/S 14 L in Reg. 13
1.5 R/S 15 Co in Reg. 14
0 R/S 16 0 in Reg. 15
8.84EE 6 +/+ R/S 17 k in Reg. 16
2.41 EE 5 +/- R/S 18 U in Reg. 17
1.0 R/S 19 Cp in Reg. 18
L0354 R/S 20 p  in Reg. 19
A (.0110509207)% H*
D (.01548519)* F* } ¥ required to
B (33.86955578)* AP% find AP
B' (2.726244344)% PR*
C (211326.0655)*% Re¥*
Modes: n" — Printed only (n} — Displayed Briefly {Pause)
{n)" — Printed and displayed

K Over
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Exchange Page 6 _of 8 s .1]8.0,1 2
‘. ot T1 use only
Sample Problem (cont'd)
ENTER PRESS QUTPUT/MODE (see legend below) COMMENT
E (9.817477042) % AF*
E! (18849.55592)%* AHT*

Modes: n* — Printed anly {n} — Displayed Briefly (Pause}
{n)* — Printed and displayed
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TEXAS INSTRUMENTS
Caleulator Products Division

Submission Abstract

a4} Svad)

O Y

Program Title Rev.

INCOMPRESSIBLE FLUID PIPELINE PRESSURE DROP
Abstract of Program  Program calculates the pressure drop for an incompressible
fluid in either laminar or turbylent flow. Friction factor calculations are
selected automatically from the Reynolds number. The friction coefficient
determined for turbulent flow is based on the trial and error solution of the
Colebrook equation (Moody chart basis). A table of various roughness coeffi-
cients, required by the Colebrook equation, is included.

Note: Program will handle metal, concrete, and wood stave pipes only,

Original SR-52 Program by Elliot Weisman of Wilmington, Del.

User Benefits:  Rapid solution of a large variety of pipe flow problems involving
trial and error.

i FC-100A Needed o
Category 61 Required Prog. 299 Librooe eede
Number Progs. Steps Module DO

Submittal Agreement

All of the information forwarded herewith is contributed to Texas
Instruments on a nonconfidential, nonobligatory basis; no
relationship, confidential or otherwisa, express or implied, is
established with Texas Instruments by this contribution. Texas
Instruments may use, copyright, distribute, publish, reproduce

Submission Checklist

Recorded
Magnetic Cards

or sell this information in any way it chooses, without compen- & Submission Abstract
sation to me. To my knowledge, this data is not copyrighted, and p o
contribution of this information to Texas Instruments by me does Bd Program Dest?rlptton
not breach any obligation to any other person or organization K} User Instructions
ralating to proprietary or confidantial information. & Sample Problem

Signature Date Kl Listing

Name Texas Instruments Tel. No. ]

Address =

City. State Zip

IMPORTANT IN NO EVENT SHALL TEXAS INSTRUMENTS AND/OR THE

TEXAS INSTRUMENTS MAKES NO WARRANTY, EITHER
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE, REGARDING
THESE PROGRAM MATERIALS AND MAKES SUCH
MATERIALS AVAILABLE TO THE BUYER SOLELY ON AN
“AS-187 BASISWITH ALL FAULTS.

CONTRIBUTOR BE LIABLE TO ANYONE FOR SPECIAL,
COLLATERAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES IN CONNECTION WITH OR ARISING QUT OF THE
PURCHASE OR USE OF THESE MATERIALS AND THE SOLE
AND EXCLUSIVE LIABILITY TO TEXAS INSTRUMENTS
AND/OR THE CONTRIBUTOR, REGARDLESS OF THE FORM
OF ACTION, SHALL NOT EXCEED THE PURCHASE PRICE
OF THESE MATERIALS,
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Calculator Products Division

For Tl use anly

Program Description

Turbulent Flow Re > 2100

effects of pipe roughness coefficients

txuz log |— 4
JF - Re/ £ 3.74

values of f or 1/Vf and solve

1 - 2.51 k
X=—+ 2 1o +
T g |

L

-Reyf  3.74

in (3} to calculate AP

Reference: Chem. Eng., Feb 18 1974 p. 154-156
Chem. Eng., Jun 10 1974 p. 110

Program Title: Rev.
INCOMPRESSIBLE FLUID PIPELTNE PRESSURE DROP
Method, Equations, Sketches, Limitations, References, Error Recovery:
PIPELINE PRESSURE DROP EQUATTONS
Laminar Flow Re < 2100
Re = 64/F (1)
f=du/ (49.3 qQ 8p.G.) (2)
AP = .01347 L Sp.G. Q2 £/ 45 (3)

friction facter ,f, based on Colebrook equation to include

Turbulent flow calculations proceed on the basis of assuming

until ] Xi< -001 then use this value of f that satisfies (5)

(4)

(5)

i See Continuation Sheet
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TEXxAs INSTRUMENTS
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Continued From:

O Program Description

O WUser {nstructions

Calculator Products Division

Continuation Sheet
[0 Stmt. of Example

Program Title:

INCOMPRESSIBLE FLUID PIPELINE PRESSURE DROP

Rev.

Surface Roughness

for wvarious pipes

Coefficients

Type of k
Pipe inches

Drawn tubing
{brass,lead,copper) . 00006
Commercial steel
or wrought iron .0018
Asphalted cast iron .0048
Galvanized iron .006
Cast diron L0102
Wood stave .0072 - ,036
Concrete 012 - L1312
Riveted steel 036 - .36

Source:

Chem. Eng. Handbook 3rd ed., p. 5-19.
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[

Sample Problem

Statement of Example ,
Calculate the pressure drop in psi for water at 70°F flowing through a .5 inch
i.d. steel pipe 100 ft. long at 5 gpm.

O See Continuation Sheet

ENTER PRESS QUTPUT/MODE {see legend below) COMMENT
PRINTED DISPLAYED
Initialize #E' 0. clears memories
and resets flags
5. A 5. FLOW 5. flow rate, gpm
100 B 100. L 100. pipe length, ft.
.5 C 0.5 I.D. 0.5 pipe diameter, in.
1 D I. SP.G. 1. specific gravity
1 E 1. VISC 1. viscosity, cp
.0018 A" 0.0018 K 0.0018 roughness coeff.
for steel
*B! 31616 Re 31616 ~ [Reynolds No. (~5 set)
R/S 33.254.., AP 33.25459743  Pressure drop, psi
{(~15 sec)

NOTE: the values for spfcific gravity, viscosity, roﬁghness coefficient above
are fhe default vaplues in the program for these Properties. It was not
necegsary to enter these values. Could have gone to #B' directly.

See ysers instrucfion sheet foy more detafl.

(n)* — Printed and displayed

0 Over
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Program Title Rev.
g HAZEN-WILLIAMS FORMULA (Pipes)

Abstract of Program

Submission Abstract

Computes flow, slope, diameter or C-value given any three of the four. Converths
flow units and solves for velocity. English units are used.

Original TI-59 Program by William Wheeler of Demarest, N. .J.
% User Benefits:
Saves time.

Category Required Prog. EE);L?\?A Needed =
Number__ﬁ_z_,__ Progs. Steps 240 Module ID
Submittal Agreement

All of the infaormation forwarded herewith is contributed to Texas Submission Checklist

instruments on a nonconfidential, nonobligatory basis: no
refationship, confidential or otherwise, express or implied, is

established with Texas tnstruments by this contribution. Texag &l ,\Rﬁz;ﬁﬁ?gcards
Instruments may use, copyright, distribute, publish, reproduce o
or sell this infarmaticn in any way it chooses, without compen- %] Submission Abstract
sation to me. To my knowledge, this data is not copyrighted, and et
centribution of this information to Texas instruments by me does Kl Program Desc.:nptlon
not breach any abligation to any other person or organization &} User Instructions
refating to proprietary or confidential information. £l sample Problem
Signature Date K] Listing
Name Texas Instruments Tal, No. O
Address D
City State Zip _
IMPORTANT : INNO EVENT SHALL TEXAS INSTRUMENTS AND/OR THE
CONTRIBUTOR BE LIABLE TO ANYONE FOR SPECIAL,
TEXAS INSTRUMENTS MAKES NO WARRANTY, EITHER COLLATERAL, INCIDENTAL, OR CONSEQUENTIAL
% EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO DAMAGES IN CONNECTION WITH OR ARISING QUT OF THE
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND PURCHASE OR USE OF THESE MATERIALS AND THE SOLE : j
FITNESS FOR A PARTICULAR PURPOSE, REGARDING AND EXCLUSIVE LIABILITY TO TEXAS INSTRUMENTS °
THESE PROGRAM MATERIALS AND MAKES SUCH AND/OR THE CONTRIBUTOR, REGARDLESS OF THE FORM i
MATERIALS AVAILABLE TO THE BUYER SOLELY ON AN OF ACTION, SHALL NOT EXCEED THE PURCHASE PRICE

“AS-1S” BASIS WITH ALL FAULTS. OF THESE MATERIALS.
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Program Description

Program Title: Rev.
HAZEN-WILLIAMS FORMULA (Pipes)

Method, Equations, Sketches, Limitations, References, Error Recovery:

Method

"Solve" key both initializes program and sets flag to give keys A, B, C &
D a double function, both storing entry and solving for same.

If C is not entered (is zero) a default value of 100 will be used.

Equations
o - D2.63 S0.54 c o
102804
2
_Dbv
where @ = flow, mgd, million gallens per day
D = diameter, inches
S = slope of hydraulic gradient, feet per thousand feet
C = C-value
V = velocity, feet per second
Conversions
1.546 (mgd) = cfs (cubic feet per second)
694.4 (mgd) = gpm (gallens per minute)
Limitations

If Q, D or § is not entered, a zero or an error may flash.

Default Values
1f Q, D, C or S not entered the program will use last value entered or
computed, whichever is most recent. If C = 0, 100 will be used.

0 See Cantinuation Sheet
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Sample Problem

Statement of Example

A 12-inch pipe between two reservoirs is 2000 feet long.
The difference in elevation of the reserveoirs is 10 feet.
§ = 10/2 = 5 ft. per 1000. (Slope of hydraulic gradient)
Part 1 What is the flow if C = 100?

Part 2 Flow is measured to be 1165 gpm
a. What is C-value?

b. What is the velocity?

Part 3 Parallel pipe with new pipe. What size pipe will flow an
additional 400 gpm of C = 1057

O See Continuation Sheet

ENTER PRESS OUTPUT/MODE ({see legend below) COMMENT
12 A 12 Store Diam,
5 D 5 Store Slope
E, B 1.598381582 mgd Solve Q *
Answer Part 1
1165 2nd, C 2.593735599 cfs Convert gpm to cfs
2.5937 2nd, A 1.677684347 mgd Convert cfs to mgd
1.6777 B 1.6777 Store mgd
E, C 104.9624207 Solve C-value
Answer Part 2a
E, B 1.6777 Solve Q
1.6777 Znd, D 3.308797222 fps Convert to fps
Answer Part 2b
400 2nd, C .8905529954 cfs Convert gpm to cfs
0.89055 | 2nd, A -5760349288 mgd Convert cfs to mgd
0.57604 B 0.57604 Store mgd
E, A 7.992007798 in Solve Diameter

Answer Part 3

* 100 is entered for € as
default value

Modes: n* — Printed only {n} — Dispiayed Briefly (Pause)
{n}" — Printed and digplayed

0 Over
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) Submission Abstract

Program Title Rev,
EQUIVALENT PIPE METHOD
Abstract of Program

Reduces piping systems to a single equivalent pipe. TFirst computes equivalent
length for each pipe for a standard diameter and C-value. Then, adds any
number of mixed combinations of series and parallel pipes.

Original TI1-59 Program by William Wheeler of Demarest, N. J.
User Benefits:
Fast and simplified

- PC-TO0A Needed O
Category Required Prog. Library
Number__._62  {Progs. Steps _216 ModuleiD

Submittal Agreement

All of the information forwarded herewith is contributed to Texas

warde ! : Submission Checklist
Instruments on a nonconfidential, nonobligatory basis; no

refationship, confidential or otherwise, express or implied, is &) Recarded
established with Texas Instruments by this cantribution. Texas Magnetic Cards
Instruments may use, copyright, distribute, publish, reproduce o
or seft this information in any way it chgoses, without compen- &) submission Abstract
sation: to me, To my knowledge, this data is not copyrighted, and 5 Program Description
contribution of this information to Texas Instruments by me does .
not breach any obligation to any other person or organizstion ] User Instructions
refating to proprietary or confidential information, bl Sample Problem

Signature Date Xl Listing

Narme Texas Instruments Tel. No. 0

Address H

City. State Zip

IMPORTANT IN NO EVENT SHALL TEXAS INSTRUMENTS AND/OR THE

CONTRIBUTOR BE LIARLE TO ANYONE FOR SPECIAL,

TEXAS INSTHUMENTS MAKES NO WARRANTY, EITHER COLLATERAL, iNCIDENTAL, OR CONSEQUENTIAL

EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED 7O
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE, REGARDING
THESE PROGRAM MATERIALS AND MAKES SUCH
MATERIALS AVAILABLE TO THE BUYER SOLELY ON AN
“AS-IS” BASIS WITH ALL EAULTS.

DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE
PURCHASE OR USE OF THESE MATERIALS AND THE SOLE
AND EXCLUSIVE LIABILITY TO TEXAS INSTRUMENTS
AND/OR THE CONTRIBUTOHR, REGARDLESS OF THE FORM
OF ACTION, SHALL NOT EXCEED THE PURCHASE PRICE
OF THESE MATERIALS.
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Program Description

Program Title: Rev,
EQUIVALENT PIPE METHOD
Method, Equations, Sketches, Limitations, References, Error Recovery:

Method

Complex piping systems are reduced to an equivalent pipe for flow and
headloss calculations. FEach pipe is made Into an equivalent length of the same
common (standard) diameter and C-value and added, series or parallel.

- 2.63 -
Equations i LA,
—_— _ _ D 0.54 C 0.54
Equivalent length = EL = ( Std D ] [ 5td C } L (1)
For Series Pipes, EL (Total) = ELl + EL2 (2)
~0.54 0. 54, -
For Parallel Pipes, EL (Total) = (ELl ’ + EL2 7Y 0.54 (3)

where, D = Pipe diam. (any units}, Std D = User selected standard diam.
C = C-value, Std € = User selected standard C-value
L = Length {any units)

Default Values
If L, b, C, 8td D or Std C not entered, last value entered is used,
If D or 5td D = 0, 10 is used
If C or Std C = 0, 100 is used

Limitations

For systems of circular plpes flowing full. Equiv. Pipe Method is not
valid where cross pipes cannot be ignored or consideved a junction. C-values
are overall C-values and include miscellaneous losses from fittings etc.

Time Saving Tips
Use default values. Ignore C-values for approx. calculations.
Do not re-enter pipe data when not necessary.
EG: To find EL of 5 parallel pipes same L, D and C, Key in L, Press A,
press E 5 times, read answer.

References (For methodology and additional examples)

Wheeler, W., "Solve Equivalent Pipe Problems with A Small Calculator,"
Water & Sewage Works, November, 1976,

3 See Continuatlon Sheet
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Sample Problem

Statement of Example
Part 1 - Compute EL as 10-inch C=100 pipe from A to C

D

(Use FIX* 0)

G

B
4

Part 2 - Convert computed EL to EL of 8-inch, C = 130 pipe

Pipe No. L { D C
1 789 8 100
;7c 2 666 8 123
3 666 12 88
4 999 10 88
130 as a

Part 3 — Run same problem backwards, C to A using 8-inch, C =
check of parts 1 and 2.

0 See Continuaticn Sheet

Answer Part 2

Modes: n” — Prinled only {n} — Displayed Briefly (Pause)
{n* — Printed and displayed

ENTER PRESS OUTPUT/MODE (see legend below) COMMENT
789 A 789 Ent & Sto L
8 B 8 {Note 1} Ent & Sto D
‘D (1Y 2339 Computes EL
666 A 666 Ent & Sto L
123 c 123 {Note 2} Ent & Sto C
B (2) 482 Computes Total EL
12 B i2 Ent & Sto D
88 c 88 {Note 37 Ent & Sto C
D (3> 829 Computes Total EL
999 A 999 Ent & Sto L
10 B 10 {Note 4) Ent & Sto D
E (4) 280 Computes Total EL
ond D 0 Answer Part 1 Sto EL, Clrs total
2nd E 280 Rels EL, loads 1DC
8 2nd B 8 Ent & Stos Std D
130 2nd C 130 Ent & Stos Std C
D (1 154 Computes EL

B Over
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Sample Problem (cont d)
ENTER PRESS OUTHIWMODE(%&andbMOW} COMMENT
CLR, 2nd CMS 0 Clear for New Problemhs
8 Z2nd B 8 Stores Std D
130 Znd ¢ 130 Stores Std C
666 A 666
12 B 12
88 C 88
D (1) 190G Computes EL
2nd D 0 Stores EL
8 B 8
123 c 123 {Note 5}
D (1) 738 Computes KL
789 A 789
E {2) 264 Computes EL
2nd F 190 Rels EL (Pipe 3)
D (3) 454 Computes EL
999 A 999 |
10 R 10 ﬁ
88 c 88 it
E (4) 154 Computes EL i
Answer Part 3 I
N Note 1 Uses default value of 100 in progdram for C L
’ Note 2 Uses default value of 8 from preyious pipe D -
Note 3 Uses default value of 666 from |previous pipe for L. E
Note 4 Uses default value of 88 for C fiom previous pipe
Note 5 Uses default value of 666 . fpronq previous pipe for I,
Note 6 Uses default value of § for D frdm previous pipe
Modes: n* — Printed anly {n}— Displayed Briefty (Pause}
(o) — Prinle%___
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- Submission Abstract

Program Title Rev.
WEYMOUTH GAS PIPELINE PRESSURE DROP

Abstract of Program

Uses the widely accepted Weymouth formula to calculate pipeline pressure drop
in PST as a function of flow rate, supply pressure, gas molecular weight or
specific gravity, supply temperature, and pipeline inside diameter.

Output includes pressure drop for pipelines between I and 100 miles long.
Tterating in one mile sections, it also computes total pressure drop.

Original SR-52 Program by K. Rogers of Orangeburg, S. C.
User Benefits: .
Speeds calculation of a complicated formula.

Category Required Prog. ;_’i‘;“r‘a?fA Needed a
Number___ 66 _|progs. Steps _. 321 Module I [

Submittal Agreement

All of the infarmation farwarded herewith is contributed to Texas
Instruments on a nonconfidential, nonobligatory basis; no
refationship, confidential or otherwise, express or implied, is

Submission Checklist

¢ T &) Recorded

established with Texas Instruments by this cantribution. Texas Mzzzetic Cards
Instruments may use, copyright, distribute, publish, reproduce o
or sell this information in any way it chooses, without compen- k] Submission Abstract
sation_ to me. To n"w_knowted_ge, this data is not copyrighted, and E] Program Description
contribution of this information to Texas Instruments by me does .
not breach any aobligation to any other person or organization ¥l User Instructions
relating to proprietary or confidential information. ) Sample Problem

Signature Date k1 Listing

Nama Texas Instruments Tel. No. [

Address t

City. Statg Zip

IMPORTANT IN NO EVENT SHALL TEXAS INSTRUMENTS AND/OR THE

CONTRIBUTOR BE LIABLE TO ANYONE FOR SPECIAL,
COLLATERAL, INCIDENTAL, OR CONSEQUENTIA L
DAMAGES IN CONNECTION WiTH OR ARISING OUT OF THE

TEXAS INSTRUMENTS MAIKES NOQ WARRANTY, EITHER
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO

THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE, REGARDING
THESE PROGRAM MATERIALS AND MAKES SUGH
MATERIALS AVAILABLE TO THE BUYER SOLELY ON AN
“AS-1S BASIS WITH ALL FAULTS.

PURCHASE OR USE OF THESE MATERIALS AND THE SOLE
AND EXCLUSIVE LIABILITY TO TEXAS INSTRUMENTS
AND/OR THE CONTRIBUTOR, REGARDLESS OF THE FORM
OF ACTION, SHALL NOT EXCEED THE PURCHASE PRICE
OF THESE MATERIALS.
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Program Description

Program Title: Rev.
WEYMOUTH GAS PIPELINE PRESSURE DROP

Method, Equations, Sketches, Limitations, References, Error Recovery:

From Gas Processors Suppliers Assn ”Eng'gzData Book"
P.“ - P 1/2
Ts 2.667 1 2
Page 10-1 EQ (a) Qs = 433.45 PS x d x[ [aT ]
Weymouth Formula

This formula uses an 'effective' average flowing pressure and is known to
become more inaccurate as total pressure drop approaches 10% of the supply
pressure.

Rearranging - 2 Q 2-1/2
S8 P, = [P - TOW) () T ]
for 1 mile 2 -1 82570d2'667

Pl = Upstream Pressure, PSTA

P2 = Downstream Pressure, PS5TA

Qs = Gas Flow Rate, Std. FtB/Day
d = Pipeline I.D., inches
L = Length, miles

§ = Specific Gravity of GAS =

HE

T = Flowing Temp. in '"Rankine" = °F + 460
T = Std. Temp = 60°F

P_ = Std. Pr.= 14.65 PSIA
- QT

Velocity In Pipeline = %-— — ft/sec
Pld (16690)
Gas Density = E%igglf' LBS/FT3 ~Assuming Compressibility = 1

Where pipeline exceeds 1 mile, program reinitializes last P2 to new Pl
and calculates new P2.

O See Continuation Sheet
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Sample Problem

Statement of Example
Find the pressure drop through a 29" I1.D. pipeline when 100,000,000 SCFD

of a gas with a molecular weight of 18 (Specific Gravity = .621) is flowing
at 500F at a 125 PSIG supply pressure.
length of 4 miles (b) Find gas velocity (first mile) (e) Find gas density.

(a) Find total pressure drop for a

O See Continuation Sheet

Modes: n* — Printed only

ENTER PRESS OUTPUT/MODE (see legend below) COMMENT
IPRINTED DISPLAYED
1 EE 8 A 100000000. FLOW 8]
125 B 139.7 PRES 0
18 C 18. M.WT =460 :
50 D 510. TEMP 0 Tg in Rankine
29 E 29. I.D. 0
AT AP OVER
1. MI.
0.765123808 .765123808
B! 26,00886722 VEL [26.00886722
4 c' AP OVER
4, MI.
3.086203882 3.086203882
E' 0.459514281 DENS |0.459514281

(n} — Displayed Brielly (Pause)

{n)* — Printed and cisplayed

0 Over
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Loc Jcobe] kev | comMeNTs ] Loc JcoDE] KEY [ COMMENTS || LOC [CODE[ KEY [ COMMENTS
it &% OF Z16 04 04 271 05 0%
teX 0 D2 oE 217 43 RCL 272 &9 0OF
ig3 432 ECL iR 20 20 273 o0 oo
igd in 1o =i9 &5 QOF 274 43 ECL
té% &% OF 2RO DE O& 273 17 17
i6e O3 03 221 9@ ALY 2ve 2% [0OP
igy &% OF ZZZ 91 ReS 277 04 04
162 0% [E 223 T& LEL 278 43 RCL
1% 43 RCL zz24 18 C°F 27rd 21 21
ivo iy 1Y 223 8% o+ ZE0 ¥R -
i¥i &% OF 22 011 281 01 i
ive oo oo 227 35 = 2 22 =
i¥3 &% OBF 222 42 SO0 257 B9 0OF
174 4 04 < 00D oo e
ive o oioi o 42 570 43 RCL
i¥& 8% 0OF i 21 Zi 2 20
1YY 06 s 2 7E& LEBEL 2% FET
178 432 ECL : 20 THH =52 ADY
179 08 O 42 RECL : 31 RoE
igh 2% FET : e O : FE LEL
i1 22 ADY Z EL I : inE”
182 31 RE#3 z 44 ZLM 2 IR
183 Yo LBEL & P B s 4% RCL
ied4 IV ES £ 22 IHY é as o 09
125 43 ECL z 9F LEF 2 B3 ®
iR 01 01 Z4 ac oo =5 43 RCL
187 BS e 29 C0s 297 03 03
182 43 ECL £4 i ZEE 295 B4
ige g G4 S99 38 SIH 29% 5L+
193 9 = S4% A1 GTO0O 200 530«
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FLUID DYNAMICS
e SOLUTION TO PIPE PROBLEMS
Solves for either head loss, length, diameter, or flow when given any of the
other three. Provisions are made to include the head loss coefficients of
fittings.
TI-59 only.

e HEAT TRANSFER COEFFICIENT/PRESSURE DROP
This program calculates heat transfer coefficient and incompressible
pressure drop in a closed conduit given fluid properties and geometric
parameters. ‘
TI-58 or TI-59.

e INCOMPRESSIBLE FLUID PIPELINE PRESSURE DROP
Determines the pressure drop for an incompressible fluid in either laminar
or turbulent flow.
TI-58 or TI-59.

e HAZEN-WILLIAMS FORMULA (Pipes)
Computes flow, slope, diameter, or C-value given any three of the four
The program also solves for velocity.
TI-58 or TI-59.

e EQUIVALENT PIPE METHOD
Reduces piping systems to a single equivalent pipe by computing the
equivalent length for each pipe for a standard diameter and C- value, then
adding in any number of series and parallel pipes.
TI-58 or TI-59.

e WEYMOUTH GAS PIPELINE PRESSURE DROP
Uses Weymouth formulato calculate pressure drop given flow rate, supply
pressure, gas molecular weight or SpeCIfIC gravity, supply temperature,
I and pipeline insiae diameter.
TI-59 only.

PREPROGRAMMED MAGNETIC CARDS ARE NOT INCLUDED.
(The program Code Lists must be keyed into blank magnetic cards.)

TEXAs INSTRUMENTS
INCORPORATED
k Printed in U.S.A. . DALLAS, TEXAS 1034523
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