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INTRODUCTION

In an effort to provide continued value to it's customers, Hewlett-Packard is introducing a unique service for

the HP fully programmable calculator user. This service is designed to save you time and programming effort.

As users are aware, Programmable Calculators are capable of delivering tremendous problem solving potential in

terms of power and flexibility, but the real genie in the bottle is program solutions. HP’s introduction of the first

handheld programmable calculator in 1974 immediately led to a request for program solutions — hence the begin-

ning of the HP-65 Users’ Library. In order to save HP calculator customers time, users wrote their own programs

and sent them to the Library for the benefit of other program users. In a short period of time over 5,000 programs

were accepted and made available. This overwhelming response indicated the value of the program library and a

Users’ Library was then established for the HP-67/97 users.

To extend the value of the Users’ Library, Hewlett-Packard is introducing a unique service—a service designed

to save you time and money. The Users’ Library has collected the best programs in the most popular categories from

the HP-67/97 and HP-65 Libraries. These programs have been packaged into a series of low-cost books, resulting

in substantial savings for our valued HP-67/97 users.

We feel this new software service will extend the capabilities of our programmable calculators and provide a
great benefit to our HP-67/97 users.

A WORD ABOUT PROGRAM USAGE

Each program contained herein is reproduced on the standard forms used by the Users’ Library. Magnetic
cards are not included. The Program Description | page gives a basic description of the program. The Program

Description |l page provides a sample problem and the keystrokes used to solve it. The User Instructions page
contains a description of the keystrokes used to solve problems in general and the options which are available to
the user. The Program Listing | and Program Listing Il pages list the program steps necessary to operate the calcu-

lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent

information about data register contents, uses of labels and flags and the initial calculator status mode is also found

on these pages. Following the directions in your HP-67 or HP-97 Owners’ Handbook and Programming Guide,
“Loading a Program” (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing | and

Program Listing Il pages. A number at the top of the Program Listing indicates on which calculator the program
was written (HP-67 or HP-97). |If the calculator indicated differs from the calculator you will be using, consult

Appendix E of your Owner’s Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97

keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but

some differences do occur in the keycodes used to represent some of the functions.

A program loaded into the HP-67 or HP-97 is not permanent—once the calculator is turned off, the program
will not be retained. You can, however, permanently save any program by recording it on a blank magnetic card,

several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owner’s

Handbook for full instructions. A few points to remember:

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your

program, review the status section and set the conditions as indicated before using or permanently re-
cording the program.

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have

recorded the program. This simple step will protect the magnetic card and keep the program from being

inadvertently erased.

As a part of HP’s continuing effort to provide value to our customers, we hope you will enjoy our newest concept.
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Program Title PSYCHROMETRIC PROPERTIES

Contributor’s Name Donald H. Madsen

 
 

 

 

\. J

fi

Program Description, Equations, Variables This program outputs dry bulb temperature,

wet bulb temperature, dew point temperature (unless the vapor

pressure is zero), total pressure, vapor pressure, specific humidity,

relative humidity, enthalpy and specific volume.

The input is dry bulb temperature and

wet bulb temperature or relative humidity or vapor pressure.

With wet bulb temperature input the total time required 1is

approximately 22 seconds. With relative humidity or vapor pressure

input an iterative solution results and it usually requires

1% to 2 minutes.

The data required for English or SI units are given on page 9.

Temperatures °F or °C Relative humidity %

Pressures psi or kPa Specific humidity 1lbp/lbpm dry air or -

kg/kg dry air Enthalpy Btu/lby dry air or kJ/kg dry air

Specific volume ft®/1bpy dry air or dm®/kg dry air
 

o o o o
Operating Limits and Warnings Temperatures -40 F to 300°F or -40 C to 150 C

(temperatures less than 32° or 0°C, vapor in equilibrium with ice).

Total pressure 1 psia to 50 psia or 7 kPa to 345 kPa.

Relative humidity O to 100¢%

Specific humidity less than 0.2 lbp/lb, dry air or 0.2 kg/kg dry air.

k}Helpful program diagnosis follows on page 10
 
 

   4 )

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK,in reliance solely upon his own inspection of the program material and without reliance

upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM

MATERIAL.

\. _/  
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Program Title PSYCHROMETRIC PROPERTIES

Contributor’'s Name

Address

City , State Zip Code , o
\_ Y,
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Program Description, Equations, Variables

Cp,a(twb - tgp) + wsat,wb(hg,wb - bf wb)
 w =

hy,db - br wb

Cp,a = 0.240 Btu/lb,°F = 1.0048 kJ/kg °C

hy = hg = a + bt a = 1061.0 Btu/lby = 2501.0 kJ/kg *

= 0.445 Btu/lb, °F = 1.8631 kJ/kg °C

t = 32°F or 0°C hg = (t - ¢)d

c =32°F = 0°

d = 1 Btu/1lby °F = 4.1868 kJ/kg°C

t < 32°F or 0°C he = hj = [(t - ¢)0.467 + e]d

e =-143.956°F =-79.97556 °C **

h = cp,atdb * why,db  ***

 

Operating Limits and Warnings -
* constants do not directly convert because of different

zero point for enthalpy.

¥* constants for empirical equation do not convert. (+1.8)

*¥*¥¥ note that the enthalpy of the mixture does not convert |

directly because of a different zero point for the enthalpy

of air.

 
 

   ~N _J

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK,in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\_ _/
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Program Title PSYCHROMETRIC PROPERTIES

Contributor’s Name

 
 

 

 

 

 

 

Address

City State Zip Code

- _

. )Program Description, Equations, Variables

R, 4 Pvapor Rair
W = ailr P .. = 0.622

Rvapor Ptotal - Pvapor vapor

(also used to calculate pyapor)

Peat = f LIRS AR t =z 32°F or 0°C

f = 2.04466-106 psi = 1.40974-107 kPa

t = temperature, g = -7071.3°F = -3928.5°C *

°F or °C h = 385°% = 231.667°C *%

e = 2.718282 t < 32°F or 0°%C

f' = 5.24506+108% psi = 3.61633.10% kPa
g’ = -11,071°F = -6150.6°C  *

h’ = 460°F = 273.33°C *%

Rair T
Vv —_—

Ptotal - Pvapor

¢ = Pvapor/Psat,db
 

Operating Limits and Warnings

¥ temperatures do not convert. (+1.8)

*¥* temperatures do not convert because of different zero point.

Psat is within 0.33% of the liquid-vapor values given in the ASME

Steam Tables and the solid-vapor values of Keenan and Keyes Tables.

. J
 

 

 

This program has been verified only with respect to the numerical example given in Program Description /l. User accepts and uses
this program material AT HIS OWN RISK,in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING., USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\ ” v,   
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Sample Problem(s)

English Units
 

(1) Pigta1 = 14-696 psia  dry bulb 70°F  wet bulb 60 °F

(2) Piotal = 25.0 psia  dry bulb 70°F relative humidity 50%

(3) t = 212°, find pg,¢

 

 
 
 
  

Solutions (1) (2)

14.696 A 70 + 60 B 25.0 A 70 ¢+ 50 C

tab> ZF 70.0 **x% 70.0 *¥%%
Tub> OF 60.0 **% 60.8 **x
tdps F 53.7 %%*% 50.6 **x*

Ptotal> Psi 14 .7 *¥%x 25.0 ***
pvapor’ psi 0.2040 **x* 0.1820 **x*

w, lbp/lby, dry air 0.0088 *x*x 0.0046 **x*
v, % 56.0 **xx 50.0 ***
h, Btu/lby dry air 26 .4 *%* D1.8 %%
v, £t®/1by dry air 13.5 *%x 7.0 %%

(3) 212 E Output 14.7

L e

-

Reference(s) .    
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Sketch(es)
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Sample Problem(s)

SI Units

(4) Ptota1l 101.325 kPa  dry bulb 25°C wet bulb 20°C

(5) Piotar = 200 kPa  dry bulb 50°C vapor pressure 4 kPa

—_ o .(6) t = 100°C, find Pcat

Solutions (4) (5)
101.325 A 25 t 20 B 200 A 50t 4D

tdb > :C 25.0 **¥ 50.0 ***

twbs C 20.0 **x 35.7 ¥**

tgp, C 17.6 *¥x 28.9 %%

Ptotals KPa 101.3 *xx 200.0 ***
Pyapor> kPa 2.0166 **x 4.0000 ***

w, kg/kg dry air 0.0126 *** 0.0127 ***

e, % 63.5 **xx 32.4 ***

h, kJ/kg dry air 57 .3 *%xx 83.2 *%%
v, dm®/kg dry air 860.7 **x 472.7 **x%

(6) 100 E Output  101.2

\_ J

( )
Reference(s)

N _/
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PSYCHROMETRIC PROPERTIES

 

  
    

tdb t twb tdb t @ tdb t py      
 

 

 
 

 
 

 
 

 
 

 
 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

INSTRUCTIONS DA:'h;«F/,lLJJ;JrITS KEYS Dlei\T/E:,TTS

Load side 1 and side 2 Program card [::fi][:::

Load side 1 and side 2 English or |::i:)[:::l

SI Data card ‘___J[ I

If only Psat is needed skip to step 8 L |

Input Ptotal (if changed from Ptotal | A |[ } Ptotal

previous value) [ | |

Input dry bulb temperature tdb |ENTH| | | tdb

Input: ‘ Ilw— J

wet bulb temperature twb [ B |[ 1

or relative humidity ¢ lc || |

Or vVapor pressure Pyapor o || |

] tdb
I twb
I . tap *
I
| | | | Ptotal
[ I ] Pvapor

]
T
I ®
. h
I v

For a new case go to step 3 | ]

Input temperature t ' E || | Psat

.
IN
I

* omitted if Pvapor = 0 | I[ ]

.
| | |

In case of difficulty see Program | | |

Diagnosis sheet, page 10 [ || I

| || |
.
I .
]
| | |
T
| || |     
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KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
001 *LBL A 21 11 Store pressure ST-0  J9-45 4@

STO A 35 1i 2 az

RTN 24 ST+1 35-24 81

*LBL B 2l 1z Enter dry bulb 060 RCL O Je 66
GSB 2 Z3 8c and wet bulb GSB E 23 15

STO O 33 gé temperatures GSB 3 23 83
GSB E 23 1S X<0 ? 16-45

GSB 3 £3 83 GTO 1 22 81
X<0 7? 16-45 GSB 4 23 64

010 R/S ai RCL C Jo 13
GSB 4 23 84 - -45
X<0 ? i6-45 RND le 24
R/S 91 X=0 ? 16-43

STO C 35 13 070 GTO 8 22 88

. -6 X<0 ? 16-45
2 be SF 2 lo 21 82

XY ? i6-35 GTO 1 22 al

R/S 9i *LBL E £l 135 Calculate
R} -31 RCL 5 Jo &5 saturation

020 RCL A g6 11 X>Y? 16-34 pressure.
X -35 P&S le-31 Temperature in
RCL C 36 1s X>Y? 16-34 X register
RCL 3 36 83 SF 2 16 21 8z
+ -39 080 R} =31

+ -24 RCL 9 Je @85

GSB 5 23 85 + -39
GTO 8 22 @g 1/X aE
*LBL C £l 13 Enter dry bulb RCL 8 36 85
GSB 2 23 8z temperature and x =35

030 STO D 33 14  relative humidity e’ 33
RCL B 36 1: | RCL 7 3o &7
GSB E 23 1S X =35
XayY -41 F2 7 Ie 23 82

% 93 090 PaS 16-31

STO E 33 13 RTN 24

GTO O 2 Bé *LBL 2 2l 8z Initialize
*LBL D 21 14 Enter dry bulb SPC le-11
GSB 2 23 8z temperature and CF 2 16 22 6z

GSB 5 23 85 vapor pressure DSP 1 -63 61

040 RCL E 3o 15 RCL 6 3o 86
*LBL O Zl ge X<0 ? 16-45
GSB 3 23 8: P&S 16-351
X<0 ? 16-45 Ri -31
R/S 51 100 XY -41
STO C 3o 13 STO B 39 1z

. -6 STO O 35 86
2 dc PRT X -14

XsY ? 16-35 X&Y -41
R/S 2l RTN 24

050 DSP 5 -63 85 ¥LBL 3 Z2i 83 Calculate
RCL I 36 46 RCL 3 Jo 83 specific

STO 1 35 ai Xay -41 humidity.
*LBL 1 Zi 8i X -35 Vapor pressure
RCL 1 36 81 1o RCL A 36 11 in X, total
F2 ? 16 23 8 LST X 16-63 pressure in A
CHS -2Z — -45

REGISTERS = 5
2 a 5 6 7

° twb 1 Aty Cp, a Ra/Ry Ra tl'p Cabs-Liom £ g h

S3 S4 S5 S6 S7 S8 s,) St d S2 tip b 2 0.467 2 £ 9 ’ h

D E 1
’ Peot ° tdb ’ w ¢ Pr £ngl 140 sI g0 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODF COMMENTS

T %4 RCL 0| %6 9
RIN 24 70 PRT X _ 14

*LBL 4 21 8¢  Calculate RCL E 36 15
RCL O 36 8@ specific X=0 7 1.';-4" If vapor
RCL O 36 8§ humidity. GTO 9 < Ui pressure is
GSB 6 23 66  Wet bulb in RCL 5 38 zero, dew point
X -33 register O, GSB E ‘;‘f_fi does not exist.

120 RCL O 36 66 dry bulb in X>Y ? 16-51
RCL B 36 12 register B P2S e
5 _45 RCL E Jo 12

RCL 2 35 82 RCL 7 g
x -35 180 * o4
+ -55 LN 2

RCL 0 36 @@ 1/X o
RCL B 36 iz RCL 8 e o
GSB 6 23 86 X %65
3 -24 RCL 9 z

130 RTN 24 - :j"_’

*LBL 5 2185 Calculate PRT X 3¢ ge
STO E 35 15 relative RCL 6 }6-4“7

GSB E 23 15 Vapor pressure |2 P2S —;.1' P
T -24 in X, dry bulb XLBL 9 :5_1-;
1 éi in register B SPC 26 1]

X2Y —4] RCL A se 11
X>Y? 16-34 PRT X 14
R/S 51 DSP 4 229 ]

140 EEX _23 RecL DY
2 z PRT X .11
x -35 | SPC 36 13
STO D 35 14 | RCL _C s
RIN 24 | 200 PRT X .2 g1

*LBL 6 21 86 | Calculate DSP 1 E:g i4
PeS 16-51 | difference in RCL D T la
RCL 3 36 @3 enthalpy, ice PRT X 36 12
X -35 or water to RCL B 36 Bf

RCL 4 36 B4 vapor. RCL 2 —3;
120 % -35 | Ice or water X 36 85

XeY -41 | temperature in RCL 5 ‘::;6 1"
RCL 2 36 87 { Y, vapor RCL B e B:

= -43 temperature GSB 6 € 13
égg ; 1le-45 | in X. 210 RCL C 3=

23 67 X
RCL 1 36 61 ] + 9]
x -3 PRT X ..2% ]
- -45 RCL B 31z ]

_ g';’g 16-51 RCL 6 ¢ gi _
24 + 2

*LBL 7 71 &7 RCL 4 604 7
RCL 5 36 85 X - -39 :

x -35 | RCL A 6 11
RCL 6 3686 220 RCLE 17 ]
RIN f; ] = -24

*LBL 8 21 85 Print results PRT X -14 :
DSP 1 _;_3 81 RTN 24

_ _ LABELS FLAGS SET STATUS
Pt tay Tt | tent ® " tayt Py |5t =Py |° FLAGS TRIG DISP

a b c d e 1 ON OFF

0 Used |' Used 2 it 3 4 (1) g ggng SIC)J(I gse - -
z 5 = nitiall By - w = Used |, 0 ®| RAD O ENG DI
- -~ bh 7 Used [®Print |[° Used 3 3 0 X n—1          
 

 



DATA CARD

English Units

.24 STO 2

.622 STO 3

.3701 STO 4

32 STO 5
459.67 STO 6

2.04466 EEX 6 STO 7

7071.3 CHS STO 8

385 STO 9

14.696 STO A

140 STO I

f P&S

1 STO 1

32 STO 2

.445 STO 3

1061 STO 4

.467 STO 5

143.956 CHS STO 6

5.24506 EEX 8 STO 7

11071 CHS STO 8

460 STO 9

f WDTA

PSYCHRO METRIC PROPERTIES

DATA CARD &ENGLISH (or ST ) UNITS   
    

 

2p

SI Units

1.0048 STO 2

.622 STO 3

286.7 STO 4
O STO 5

273.15 STO 6

1.40974 EEX 7 STO 7

3928.5 CHS STO 8

231.667 STO 9
101.325 STO A

80 STO I

f P&S

4.1868 STO 1

O STO 2

1.8631 STO 3

2501 STO 4

.467 STO 5

79.97556 CHS STO 6

3.61633 EEX 9 STO 7

6150.6 CHS STO 8

273.33 STO 9

f WDTA
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PROGRAM DIAGNOSIS

IF EXECUTION STOPS using GSB B

Display

Negative

Negative

0.2

ERROR

Positive

IF EXECUTION STOPS

Display

Negative

0.2

ERROR

Positive

Step

11

14

19

113

140

Step

45

50

113

140

Reason

Wet bulb too high

Wet bulb too low

Specific humidity 2 0.2

Wet bulb saturation pressure equals total prssure

Wet bulb > Dry bulb

using GSB C or GSB D

Reason

Vapor pressure > total pressure

Specific humidity = 0.2

Vapor pressure equals total pressure

Vapor pressure > dry bulb saturation pressure

EXECUTION MAY CONTINUE INDEFINITELY UNDER CERTAIN CONDITIONS

Example: Relative humidity entered greater than 100%.
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Contributor’'s Name J—;mes V C/o re

Address Y700 l?icharél:on RA.

ciy Howel/
\_

State M}c,lljah ZipCode ¥8FY3
J
 
 7

Program Description, Equations, Variables Given 0107 boulb 7em/€ranf‘¢-, weT bulb

Temperalure and barowmeTric Pressure  74e Program will caleviaZe!

Vopor essvre, AbgolvTe A’um?o/"T; , Aelalive /fumiJfl} andd  Dew

PoinT fer olry bulb TemperaTvres F2A°F amd /105°5,
CalculaTions be map/e erTher Eny/ul» or MeTrie um’s,

beTween

cCan [

UMITS

°o o
F CTemperalure

fressure inches of Mercory milfimeTers oFMercury

Crams of GaT7er
fev Klo gras Dr7 Air

Grains o WaTerHomidTy
rer PoVuo/ pr7 Air

PRograr <onslanTs ave s7ored beTween sTep 173 ane s7ep 222, Affer

milalizaTlion The area beTugen s7ep /23 and sTep 2294 ;5 ava./sblefor

Uu.s.e:r.s"‘proyram.‘, RegisTers 9, SO>S5?, A,E are available 7o The vser,

 
Operating Limits and Warnings Over 7The ra»ge 32°F o 705 F o{ry bulb

f(m/{rdfir‘c, Dews founT ;s calcolaTed 7o wiThin /a/e,me F,

//VMIJ;E enr7hin  one 9Qrarn o waler pPer founp( 0"’7 ab,

J

 
 N\

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.    
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Bavomélric Fessure 2992 in, Hy

WeT bulb Temp. £§Y° F

~ pfl,bV“' ,7_2*,“/’- ) 77. F

Sketch(es)

L
]

g

)

Sample Problem(s) o

 Frglish UniTs MeTre OniTs

Barom elic fressure 760 pym Heg

weT bulb

0,7 bullb

fim/a. /S’° C

Temp 285°C

 

Solution(s) SoluTion |

, Kfi/ffioke: D:Sph.,

[f] [=] o,
29.92 [fF] [c] 29.92

69[Emert] 77[A] O.95¢7 opor Fres.

[CJ | 68  Abs M/mml’y

[0] 49 Z Rel, Howidl,
[E] 57 DewPDrnTF.  

SolvTiom 2

Key sTroKe s pi;p/a7

[f] [=] o.
[f] [b] /,

7éo [f] [c] 2992

18 ewtent]2s [Al 1193 Vapor Fres.
[c] 10 Abs. HumudiTy
[D] 50 % Rel Humilly

[E] 19 DewPoraT C°
 

 

 
 a

Reference (s) PSYCHROMETRIC CHART  
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PSYcHROMETRIC CALCVULATIONS FOR WATER IN AIR

‘1 IvmnaLIize  Eve/mMer BAROMETER

 

 

 

 
 

 
 

 
 

 
 

 
 

§ CALC VAP PRES ABS. HUM, REL HuM DEW PNVT

INSTRUCTIONS DATAUNITS KEYS ATAONITS

LOAD SIDE | AND SIDE2 I
IMITIOLIZE CONSTANTS |£& o.
BAROMETRIC PRESSVRE 25 INITI4LI2ED ]
70 320 aches ”ertvr7. UMITS INTIRLIZED L

70 EwGlLISH,
SECECT ALTERNATE UNITS f b
 

 

EnvéetlisH — DISPLAY = O,
 

 

METRIC — DIsPLAY = 1.
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

INPUT BARDMETRIC PRESSVRE PB f c PBE
DISPLAY OVTPUT SHowS BAROMETRIC PRESSURE PRE

IN ENCLISH OWNITT. .

s |lzvoor wer guiB TEMPERATURE  wB wB ENTER ¢
6 |INPUT DRY BuLB TEMPERATVRE DR PB o

7 lcatcvaTe VALVE S A PV

VAPOR PRESSVRE PV IS DISPLAYED
RESvLTS

YA POR PRESSURE PV B PV

ABsoLvre Hurmipiry H C H

RELATIVE Horaupiry RH D RH

DeEw PO/nT DP E OP
 

 

FOR NEW CALCUVLATION WITH DIFFERENT
 

 

 
 

FOR NEW BAROMETRIC FPRESIVRE
 

 

CoTO S7EP 4.  

TO CHARNCE UMTS Fuauélisy oR
 

 

METRIC GO TO STEP =2
 

 

70 SHOW CURRENT RESOLTS I N
 

 

COMPLEMENTARY VML DO STEP I
 

 

THEN STEPL &, FOR A NEw CHLLULATION
 

 

GO TO STEP 3.  

 
 

  

 
 

  

 
 

  

 
 

       

|
|
l

|
|
|
|
|
|
|
|
|
l

l
|
|
|

TEMPELRATURES 60 To STEP £, :

|

|
|
I
|
|
|
|
|
|
|
|
|
I

|

|
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67 Program Listing I
COMMENTS KEY ENTRY KEY CODE COMMENTS
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     
 

 

        
       

001 * LB c 32 2513 DSP ¢ 23 o¥
¥x 25 62 RTN 3S 22

FO? 38 74/ oo RLBL C |31 25 13 |DIspLAY ABSOLVTE
GSB ¢ 3! 22 oY 060 Rel C 3473 HormiDITY

l/x 3 62 Fo? 35 72 00
STo © 33 oo 658 S |3] 22 O%F
DsP 2 23 o2 ¥LBL & |31 25 08
RTN 35 22 DsSP o 23 oo
LBL A 2! 258 ) RTN 28 22

010 STO 6 33 06§ ¥LBL D |31 25 7Y |D1spLtRYy RELATIvE
RV 35 23 Rct D 3y 19 MHumpITyY
sTo 7 33 o7 &T0 8 22 08
F?20 3§ 7/ oo *1BL 9 |31 25 09 TEMPERATURE
GS8 9 2 22 09 070 é 08 CowVER S/ON
Sro & 23 o0& ST771 3s 33
GSB |/ 32 22 o/ GSB 2 3] 22 02

RCL € 29 o€ IsZ 2 3¢
Rce 7 24 o7 GS8 2 |31 22 02
- S/ _RTN 38 22

020 2 02 " ,8L2 |3 28 02

7 o7 Ree (1) 3y 24
o 00 | ol
0 00 o &3
< g/ 080 g 08

RCL O 29 00 X 2!

X 2! 3 03
- S/ 2 o

ST0 8 |33 12 |VAPoR PRESSURE + 6/
7 o7 S7To (i) |33 ¢

030 EEX 43 RTN 35 22
3 03 ¥.80 ] |31 25 o]
X 7/ Y oY
l 0/ S7.1 38 32
. g3 090 RcL S [3Y os
é 06 LBL £ |3/ 28 O¢
>~ &/ Ret (i) 3¢Y 29

RCC © 3Y oo Ree 8 3% 08
Rce B Y 12 X z/
— S/ + 6/

040 = o RCL 7 24 o7
sTo ¢ 23 13 |ABS. NumiDITy sTox 8 33 71 o8
RCL 6 Y o6 RY 35 S£3
sT0 8 33 o¢ DsZ 3! 33
sTO 7 33 07 100 GT0 6 22 06
GsS8 | 31 22 O¢ RTN 35 22
RcL B8 34 12 WeBL b (32 25 1Z METRIC/EwCLISH
XEY rS £2 Fo? 35 7/ oo
+ 7 61O 3 22 o3
EEX Y3 SFO 35 £/ o0

050 2 o2 1 ol
X Z/! Gro & 22 0O&

sTo D 33 7Y |REL. Humunury x.8L 3 |31 285 o3
*,8. B | 28 12 |Di1spLAY VAPOR CF o 3S 61 oo
RCtL B Y /2 PRESSVRE 110 o 00

FO? 38 7/ oo 6170 & 22 0%
croy 22 of 2LBL Y |31 25 OF |IncHES Hy> mm Hg

REGISTERS E?

, 1 2 3 4 5 6 7 8 INTEM 9

ohiroe ke xz ka2 ke |08 ws [desrs
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D E I

VAPOR PRESSURE |ABSOLUTE Mibioiry| RELANIVE HUmiDiTY COUNTER
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

o .
170

TO
7/ LBL

!

{

g 2
a 225) IMIFIRLIRE

COWSTANTS23 ©02

35

2S5 OS5 |GAIns PER PovwD

& T CRAMS PEN s

o/ KicoAM

/

s

o

S 22
25 )5 DEw PosnT

3

o7

o7

LABELS SET STATUS
SH RH DP %erric =7 FLAGS TRIG

13 ON OF
BatomerER ¢ DS oee =
2.~ 7 - 0O &| GRAD O

O | RAD O
7 v_ v

4 v

v’ 0O & 
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Program Deseription |
 

 

 

 

 

 

 

 

 

 

 

 

       
 

 

    
 

  
 

 

       

7~ ~ |

Program Title EQUATIONS OF STATE

S HEWLETT=-PACKARD

Contributor’'s Name e S 1000 N, E. Circle Blvd.
Corvallis, Oregon 97330

Address

City State.

\

(~ . . . . . )
Program Descriptic This card provides both ideal gas and Redlich-Kwong equationsof state. Given o

four of the five state variables, the fifth is calculated. For the Redlich-Kwong

- e solution, the critical pressure and temperature of the gas must be known. —
- They are not needed for ideal gas solutions. B

—— Values of the Universal Gas Constants —_—— e

— — Value of R Units of R Unitsof P Units of V Unitsof T I

— 8.314 N - m/g mole - K N/m?2 m?g mole K
83.14 cm3-bar/gmole - K bar cm?3/g mole K

— 82.05 cm?3-atm/gmole - K atm cm?/g mole K T

L ) 0.7302 atm ft¥/lb mole - °R atm ft3/lb mole °R

10.73 psi - ft3/lb mole - °R psi ft3/Ib mole °R

- — 1545 psf - ft¥/Ib mole - °R psf ft3/lb mole °R e

Critical Temperatures and Pressures

Substance T, K T. °R P, ATM

- o Ammonia 405.6 730.1 112.5
—e Argon 151 272 48.0

Carbon dioxide 304.2 547.6 72.9

T - Carbon monoxide 133 239 345

o - Chlorine 417 751 76.1
Helium 5.3 9.5 2.26

e Hydrogen 33.3 59.9 12.8

Nitrogen 126.2 227.2 33.5

Oxygen 154.8 278.6 50.1 -

Water 647.3 1165.1 218.2

Operating Limits ar Dichlorodifluoromethane 384.7 692.5 39.6

P 9 Dichlorofluoromethane 451.7 813.1 51.0 T

Ethane 305.5 549.9 48.2
Ethanol 516.3 929.3 63

e Methanol 513.2 923.8 78.5

n-Butane 425.2 765.4 37.5

. T n-Hexane 507.9 914.2 29.9

e n-Pentane 469.5 845.1 33.3
n-Octane 568.6 1023.5 24.6

ee Trichlorofluoromethane 471.2 848.1 43.2 _—

k — ———— S J

, )This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

. _
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Program Desecription 1
 

 

orogram Title

 

 

 

Equations:

Contributor’s Nam« Ideal gas:

Address PV = nRT

City Redlich-Kwong:

— P = nRT _ a

- (V—-b) TZ2V(V+b)

= 15

Program Descripti a

=

4.934 b nRT.

b = 0.0867 "1e B
(o

where:
———

P is the absolute pressure; T

V is the volume; e

n is the number of moles present;

R is the universal gas constant; e

T is the absolute temperature;

T, 1s the critical temperature;

P. is the critical pressure.

Remarks:

P, V, n and T must have units compatible with R.

At low temperatures or high pressures,the ideal gas law does not representthe
behavior of real gases. S

No equation of state is.valid for all substances nor over an infinite range of e

conditions. The Redlich-Kwong equation gives moderate to good accuracy for
a variety of substances over a wide range of conditions. Results should be

used with caution and tempered by experience. —_—
 

Operating Limits . Solutions for V, n, R and T, using the Redlich-Kwong equation, require an

iterative technique. Newton’s method is employed using the ideal gas law to

generate the initial guess. Iteration time is generally a function of the amount [
of deviation from ideal gas behavior. For extreme cases, the routine may fail
to converge entirely, resulting in an ‘‘error’’.

Registers Ry, R, and Rgp—Rgg are available for user storage.

 

   This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. J    
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Program Desecription 11
 

 

 

 

gi

.

by

 

 

   

   

 

Sample Problem

 

Solution(s)

 

  

Example 1:

0.63 g moles of air are enclosed in a 25,000 cm?® space at 1200 K. What is
the pressure in bars? Assume an ideal gas.

  

Keystrokes: Outputs:

Select ideal gas by pressing § @ until 0.00 is displayed.

oonon 0.00
25000 63 83.14 8

1200 u 2.51 (bars)

Example 2:

What is the specific volume (ft3/Ib) of a gas at atmospheric pressure and at a

temperature of 513°R? The molecular weight is 29. Assume an ideal gas.

 

 

Keystrokes: Outputs:

o0 > 0.00

5138 2963 0.7302

0DiO00D 12.92 (ft3/1b)

What is the density?

Yx > 0.08 (Ib/ft3) 

Whatis the density at 1.32 atmospheres and 555°R?

1.32@35558 0 0.09 (Ib/ft3)

Example 3:

 

The specific volume of a gas in a container is 800 cm?®/g mole. The temperature

will reach 400 K. What will the pressure be according to the Redlich-Kwong
relation?

 

P. = 48.2 atm

T. = 305.5K

R = 82.05 cm?® - atm/g mole-K
Keystrokes: Outputs:

o0 > 1.00
30558 @482 3@ 82.05

Bi14s0@380008 — 36.27 (atm)

Example 4:

6 gram moles of carbon dioxide gas are held at a pressure of 50 atmospheres,

and at a temperature of 500 K. What is the volume in cubic centimeters?
Use the Redlich-Kwong relation.

 

 

e T, =304.2 K -

— P. = 72.9 atm

S R = 82.05 cm?® - atm/g mole - K
Keystrokes: Outputs:
00 > 1.00 ' /

—_—_— 72980330420 B 82.05
. fifi6 @50 — . 3
Reference(s) .. Bs@s0@5080 4695.86 (e’

How many moles could be contained at this temperature and pressure in 5
— liters?

.................................................. 5000 B 6.39 (g moles)

- J

' s : v : ‘ Seeeyt P  
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User Instructions ®

EQUATIONS OF STATE
P
C

QHn SR

STEP
OUTPUT

STEP INSTRUCTIONS oaraunits

|

KEYS

|

oraDnms = PRI

1 Load side 1 and side 2. —__J

2

|

Select Redlich-Kwong (1.00) or N
ideal gas (0.00) using mode ]

toggle. o0 1.00/0.00 | ]

3 If you selected ideal gas in _1

step 2, skip to step 5. J

4

|

Input critical temperature T. o0 Te N
and critical pressure. P. o P. | ]

5

|

Input four of the following: A]

Absolute pressure P a P _

Volume Vv e v N

Number of moles n n ]

Universal gas constant R o R _ ]

Absolute temperature T T ,-]

6

|

Calculate remaining value: I

Absolute pressure o P W}

Volume o v ]

Number of moles n ii]

Universal gas constant o R i]

Absolute temperature T J

7 For a new case, go to steps 2, j

4, or 5 and change values or v_j

mode. j

L|
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|
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\
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20 97 Program Listing |
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

@81 x¥iBLe Zi 16 i : . B57 ¥LBLE Zi @& Ideal gas solution
@62  Fa: 16 73 o6 Redlich-Kwong ideal 858  SFiI 16 21 @i for n, R and T.
a83  &T08 22 86 gas toggle. 853 xLBL3 Z1 853
884 é 66 668 RCLS 36 @5
@85  SFE is 21 86 861 RCLE 36 86
ga6  RTN 24 862 X -35
@87 x¥LEL# Zi 8 @63 RCLT 36 ar
885 i £i 864 z -24
885 (F& o ZZ &6 @65 RCLE 36 85
@18  RTh 24 a66 z -24
@11 xLELe Zi 1g iZ Store T_, @67  RCLS 36 a5
81z  CF3 1€ 2z 83 a68 z -24
@13 STOC 35 i3 869  STOi 35 45 o
ai4  RTN 24 878 xLBLE Z1 @a Stop if ideal gas
815 xLBLc¢ 21 i6 i3 Store P 671 Fa® 16 23 wé is desired.

@16  CF3 16 22 a3 ce @72  RTN 2
@17 STOD 35 14 @73  GSEl 23 ai Calculate P by
@a1s  RTN 24 @74 GT08 22 66 Red1ich-Kwong
815 ¥iBLA 21 11 P code. @75 ¥LBLZ Z1 8z
aze 5 85 a7e  F1? 16 23 @i
821 GT0B zZ2 6@ 877  BSEI 23 al
@22 xLBLE 21 iz V code. @78 xLBLA Z1 6@
az3 & é6 879 RCLE 36 15
824  GTO8 22 a6 886  KCL3 36 &3
@25 ¥LELC Zi 13 n code. as1 X -35
826 7 ar @82 RCLE 36 66
@27 GT08 i 8o @83 RCLE 36 12
@28 xLBLD Zi i4 R code. 884 - -45
829 & az @85  5T04 75 a4
a3@  CTOB 2z 0@ ase z -24
@31 xLBLE Zi 15 T code. @87  RCLA 36 11
a3z g 65 @88 RCLS 36 @9
@33 xLBL@ 21 @ 889 Iy 54

@35  STOI 35 46 @91 570z 35 8z
a3e Rv -31 832 RCLE 36 86
a3r  STOi 35 45 ga3z z -24
@38  F37 e 23 a3 @34  [STH 16-63
@33  RTN z @95  RCLE 36 1z
A48 i ai 896 + -55
@41 STOi 35 45 Dummy 1.00 for un- @37  STO3 35 a3
B4z  ETCs 22 45 known and GTO ideal aasg z -24
643 ¥LELS Z1 as gas. @39 - -45
844 xLELE 21 86 Ideal gas solution 188  RCLS 36 85
845 RCLT 36 67 for P and V. 181 - -45 Calculate f(P).
P46  RCLE 36 85 162 GSBi 23 45
847 X -35 183 z -24 Calculate f'(P).
@48  RCLY 36 83 184 ST-i 35-45 45
A43 X -35 185 RCLi 36 45 Loop again?
@58  RCLS 36 85 186 z -24
@851 RCL6 36 a6 187  ABS 16 31
a5z X -35 188 EEX -23
as53 z -24 188 CHS -2z
as4  STGi 35 45 118@ 4 a4
@55 GTO@ 22 a6 111 5£y¢ 16-35
A56 ¥LBL7 Ziar 112 &T02 22 8z

REGISTERS B
0 1 2 ]/2 3 4 6 7 8 9

a/T (V+b) (V-b) P V n T
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D E

a b Tr Pr nR Control      
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

fii REE' 36 42 Display result of 163 NE a3
R <t iteration 178 2 -4

115 xiBle 21 ée 3P 171 RCLZ 36 8z
116  RCLE 36 86 v 72 X -35
117 ENTt -21 173 - -45
g+ s 174  RCLE 36 15
119  RCLE 36 1 175 % -35
lzg  + LT 176  RCLi 36 45
121 RCLZ 3o 6z 177 z -24

122 X 35 178  RIN 24
123 KRCL3 36 83 179 ¥LELS Z1 @5 .
124 RCLE 36 86 188 LSTX 16-63 Display P.
123 X -35 18i + -55

lze &% 23 182 §705 35 @5
ter = _es 183 R-S 51
128  RCLE 36 19 184 #lBLI 21 81
129 RCLS 36 as 185 RCLT 36 87 Calculate a and b.

13@ X 35 186  RCLE 36 88
131 RCL4 36 84 187 x -35
132 nE 33 188  STOE 35 15
133 * -cd 189 . -62
3¢ - ~43 198 6 8@
135 KTN 24 i91 8 as
136 *iBLS 21 8% 3P 192 6 8¢
137  RCLE 36 13 3T 193 7 67

138  RCL4 3o 84 194  RCLE 36 14
133 = ~ed 195 = -24
148 RCLZ 36 8z 196 X2 -41
141 z Z 197  RCLC 36 13
142 : -24 198 X -35
143 RCLS 36 83 199 X -35
144 . 24 208 STUB 35 12
145 RCLE 36 @6 281  LSTN 16-63
146 z -24 282 X -35
147 RCL3Z 36 83 203 RCLC 36 13
148 : -24 284 X 54
145 "2 205 x -33
156 RTH 24 286 5 w4

151 ®LBLT 21 &7 3P 3P 267 i 62
152 *LBLE 21 @6 o Or am 286 g @5
153 RCLS 36 89 n 289 3 a3
154  RCL6 36 @6 218 4 a4
155 X -35 211 X -35
156  RCL4 36 @< 212 STOR 35 it
157 xe 93 213 RIN 24
158 z -4
159 RCLE 36 86
166 ENTH -21
161 + -33

162 RCLE 36 12
163 + -55
164  RCLE 36 15 s
165 z -24
166 RCLE 36 @6
167 : -24
168 RCLI | 36 63

LABELS FLAGS SET STATUS
~P [P v © o ® oR £ o7 0 R-K FLAGS TRIG DISP

b d 1 ON OFR-K? i ‘ asb oD E{ eG o Fx o
0 1 2 3 4 2 1 0O GRAD O sc OUsed _ a,b Iter _ _ > 0 o aAD O ENG O

P v 7 n R T 3 Calc 3 0 i n_2        
 

 



22

Program Desecription 1
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Program Title ISENTROPIC FLOW FOR IDEAL GASES

Contributol HEWLETT-PACKARD

1000 N, E. Circle Blvd,
Address .

Corvallis, Oregon 97330 .
City ate Zip Code ,

. /
1

Program D

This card replaces isentropic flow tables for a specified specific heat ratio k.
Inputs and outputs are interchangeable with the exception of k.

The following values are correlated:

M is the Mach number;

T/T, is the ratio of flow temperature T to stagnation or zero velocity
temperature T;

P/P, is the ratio of flow pressure P to stagnation pressure Py;

plp, is the ratio of flow density p to stagnation density p;

A/A*g, and A/A*,, are the ratios of flow area A to the throat area

A* in converging—diverging passages. A/A*,, refers to subsonic
flow while A/A*g,, refers to supersonic flow.

Equations:

2
T/T, =—_——

2+k-1HM

P/Py = (T/To)*-D

plpy = (T/Ty)k-1

k +1
1 2 k =1 k=1

A/A* =— — 1 + M?
M k +1 2

In the last equation M? is determined using Newton’s method. The initial

guess used is as follows with a positive exponent for supersonic flow:
Operating Limits “

My? = (VFrac (A/A*) + A/A*)*

Remarks:

After an input of A/A*, the program beginsto iterate to find M2 for future use.

This iteration will normally take less than one minute, but may take longer

on occasion. For extreme values of k (1.4 is optimum) the routine mayfail to
converge at all. An ‘‘Error’” message will eventually halt the routine if it
goes out of control.

_ J

This program has been verified only with respect to the numerical example given in Program Description 1l. User accepts and uses
this program material AT HIS OWN RISK,in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

.
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~ )
Program Title

Contributor’s Name

Address __

City State Zip Code ,

- J

- )
Program Description, Equations, Variables

A/A* values of 1.00 are illegal inputs. Instead, input an M of 1.00.

The calculator uses flag 3 to decide whether to store or calculate a value. If

you use the data input keys (setting flag 3) and then wish to calculate a

parameter based on a prior input, clear flag 3 before pressing the appropriate

user definable keys.

Registers Ry, R; and Rgo-R; are available for user storage.

Operating Limits and Warnings

. b

( )This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\— _J/
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Program Desecription 11
 
 

Yo o

Yo

vAottteete

 

 

-

Sample Problem(s)

 

 

ErSketch(es) |

Example 1:

A pilot is flying at Mach 0.93 and reads on air temperature of 15 degrees
Celsius (288 K) on a thermometerthat reads stagnation temperature T,. What

is the true temperature assuming that k = 1.38?

 

 

 

 

Keystrokes: Outputs:

13308 0 1.380

930 > 0.930

0 > 0.859 (T/T,)

288 > 247.352 (T, K)

2738 > -25.648 (T, °C) 

If the same pilot readsa stagnation pressure P, of 700 millimeters of mercury,
whatis the true air pressure?

(Since the data input flag was set when 288 was keyed in, we must either
clear it, or input 0.93 again.)

2008

700 B3 >

0.575  (P/Py)
402.843  (mm Hg)

 

 

Example 2:

A converging, diverging passage has supersonic flow in the diverging section.

At an area ratio A/A* of 1.60, what are the isentropic flow ratios for tem-

perature, pressure and density? What is the Mach number? k = 1.74.

 

 

 

 

e egA1

 
 

 
   

Keystrokes: Outputs:

1.7——MM» 1.740

- 0@ @ —M» 2.105 (M)

0 > 0.379 (T/T,)

—» 0.102 (P/Py)

0 > 0.269 (P!po)
Solution(s) i ) )

or, alternatively, using automatic output.

00 —» 1.740 *** (k)

2.105 *** (M)

0.379 *** (T/T,)

0.102 *** (P/P,)
o o 0.269 *** (p/p,)

1.600 *** (A/A%*)

\_

, )Reference(s)  
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User Instruetions i

ISENTROPIC FLOW

©TTe  ©PIPo  welsg

step DATA/UNITS
STEP INSTRUCTIONS oataonts KEYS oaraonirs ]

1 Load side 1 and side 2. :]

2 Input specific heat ratio. k o0 k v VA l

3 Input one of the following: ]

Mach number M o M 7 ]

Temperature ratio T/T, o M A 7]

Pressure ratio P/P, M J

Density ratio plpo O M ng

Subsonic area ratio A/A*b M | ‘]

Supersonic area ratio A/A*,, 0 M |

4 Calculate one of the following: _:l

Mach number a M N

Temperature ratio o T/, ‘]

Pressure ratio P/Po |

Density ratio o pPlpo :_

Area ratio (subsonic or v_]

supersonic) A/A* 1_l

4' Calculate and output all :]

values automatically. o0 k,M,T/To,P/P, j_—_]

plpo, AJA* :]

5 For another calculation based “]

on same input, go to step 4 _]

(or 4'). For a new input, go to j

step 3. For a new specific heat ::I

ratio, go to step 2. j

]
|
C

 
 

 | il

 -

 

] = i
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STEP KEY ENTRY

64l
aaz
gaz
aa4
aas
aac
aG?
gag
gas
ala
611
iz
F Yy

a1

¥LELa
570z

Ty
[

KEY CODE

s 11
35 a

éi
-45

35 &3
5:

5 és
36 62

24
21 11
3 83

- COMMENTS STEP
 

Store k-1,1/(k-1)

Output M.

 

 

KEY ENTRY

857
858
as9
aca
acel
a6z
ae3
G864
@65
666
8e7
8e8
8s2

L l’l‘()g'l‘am LiS'ing l

SF2
ETCE

¥LELED

F3%
ET0E

&SEE
rRCL4
X

FTK

¥LELE
S§F3
oL3
V¥

KEY CODE
ie 21 é:

2l i4
Ie 23 @z

ZZ Bk
=T T
g iZ

36 84
Ty
<

wd

COMMENTS
 

 

OQutput p/po.

Convert p/pO to
T/T0 and
GTO™B.

 

 

 

        
 

     

214 IX 54 87 CTOE 22 12
@15 RTH 24 @71 xLBLE 2115
816 ¥LBLE Z1 ae 2 672 2 az Set -3 in display
817 ¥E 53 Store M-, ar3 CHS 2z for subsonic guess.

@18  STO! 35 a1 674 N2Y -41
19 K 54 75 F37 1€ 23 @3
az@  RTH 24 @7 CTOI 22 Bi
@21 xLELE 11z 877 ET03 22 a3
8z: 7 16 23 83 Output T/T,. @78 ¥LBLI i 61
23 CTo@ 25 @E 879 ENT? -z1 2
24 z 6z gse  ST0G 35 gg | ake guess of M".
@25  RCLi i5 81 @81 FRC 16 44
826 RCL3 36 a3 ag? I 54
527 X -35 23 + -55
28 2 é: ag4  EM -41

azs + -55 @as 2 31
aze 2 -24 @gc ST 35 @i
831 TH 24 ) @87 xLBLZ 21 8z Lterate by Newton'
32 ¥LBLG z1 8 @82  FRCLE i5 86 erate by Newtop's

833 2 gz convert T/T, to M- 883 GSEZ 2383 method to find v
834  xv -4} 8@ z -24 Corresponding to
a3s z ~Z§ as} 1 a1 A/A*,
83¢ 2 bz gaz - -45
g7 - -45 3a3 ) -6
838  RCL3 36 83 ga4 5 as
@39 z -24 @95  RCLE 36 &&
@48 STGI 5 &1 g9s : -24
841 I 54 aaz . -62
@842 RTK 24 gag 5 35
843 ¥LBLC 21013 @98  RCLI 36 @1
844  FI7 16 23 63 Output P/P . 108 z -24
@45  GTGE I ae 0 161 - -45
846  GSEE 23 12 162 : —54
847  RCLE 36 a: 187 8T+1 35-55 @I
@48 RCLZ 36 63 184  PCLI 36 a1
R49 : -Z4 185 z -24
ase % 3i 185 ABS 16 31
BSi  RTN e 167 EEX -23
@52 xLELE Z1 @6 188 CHS -2

5 LE 36 8l 118 x£yo 16-35
gss - -z4  T1/Tgy and GTO B. 111 eroz 22 @z
856 i S REGI | ERS 112 RCL! 36 #1

0 1 2 2 3 4 6 7 8 9

M k k-1 1/k-1 A/A* Used Used
SO St S2 S3 S4 S5 S6 S7 S8 S9

A B C D E I
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STEP KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY COMMENTS

113 X KT

114 RTN 24 170
115 xLBle 21 16 15 Set +3 in display
118 3 a3 for supersonic
117 At -41 guess

118 F3? 16 23 83

119 6701 ce 8l

128 xlBL3 zl 83 2
121 Z 6z Convert M~ to A/A*
122 RCL2Z 36 82
123 1 81
124 + -55 180
12% z -24
126 RCL3 36 83
127 LSTX le-63
128 z -24
129 5707 35 67

138 RCLI 36 81
131 X -35

132 + -39
133 STG8 33 86
134 RCL7 36 67 190
135 Z 8z

136 X =35
137 1-¥ <
138 T 31

135 RCL1 36 81
148 IK 54

141 z =24
142 RTN 24

143 xLBLb le 1
144 SFC 16-11 Output values 200
145 CF3 22 83
146 RCLZ 36 @z
147  FPRTX -14

148 SFC le-11

149  GSBA 23 11
158 PRTX -14

151 GSBBE 23 12
152 PRTX -14
133 E6SBC 23 13
154  PRTX -14 210
155 &SBD 23 14

156 PRTX -14
157 GSBE 23 15
198 PRTX -14
159 RTN 24

220

LABELS FLAGS SET STATUS
AM>M [B T/T0 -~ M[C P/PO > M Dp/p0 > M EA/A*S‘ub» M TRIG DISP

a K M,T/To {° d eA/A*Sup»M 1 0 DEG & FIX jél
0 1 . 3 4 1 GRAD O SCI- Used - M2 guess _ iter

|

A/A - - 2 O RAD O

|

ENG_O
Data? 3 0 K n
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Program Desecription |
~ )
ProgramTitle @SATURATED STEAM PROPERTIES

 
 

Contributor's Name Don R. Buwn 1T/n

Address 345 JowWNSON DrRIVE

 
 
 

 
 

City CASTLE Rock state COLORADO Zip Code 8O104 -
\_

-

Program Description, Equations, Variables THE PRoGRAM CALCULATES SATURATED 7

LIRUID ENTHALPY AND SPECIFIC VoLumE , SATURATED VAPOR

ENTHALPY AND SPECIFIC VOLumE AND TEMPERATURE oOF

SATURATED STEAM CGIVEN THE ABSOLUTE PRESSURE. THE

ABSOLUTE PRESSURE oF SATURATED STEAM IS CALCULATED

GIVEN THE TEMPERATURE,

EQUATIONS USED ARE :

TEMPERATURE oF SATURATED STEAM ('F)
7= (8576.¢5/(15.4753% - Ly P)) - 459.216 + P (-0.0237/9

+ P(0.94219E-4 + P(-0.70854 £-7)))

E.u-r/MLPY O0F SATHURATED L/QuiID (Bfa//b) |

= (6473.878/(14.01875 =LnP)) =39/.60¢3 + 0022915 P

ENTHALPY oF SATURATED VAPOR (Bt“/lb) |

Hy = 1142.342 + P(0.7¢833 + P (-0.004/94 + P(011642.E4
+ P (-0.1STE-7 + P (0.8086£- //))))
 

Operating Limits and Warnings  
 

 

 

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.    
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Program Desecription |
('

SATURATED STEAM PROPERTIESProgram Title 2TAN

 
 

 
 

Contributor's Name Don_ K. B(/_A_/_T//\J

 

  

  

  

Address 3458 JoHNSON DPRIVE

City ___CASTLE RocCK _ state COLORADO zipCode 30/04.
\_

- )

 
Program Description, Equaticns, Variables _ __

SPECIFIC VoruME OFSATURATED VArPoR (4tp.)
(430.8419/(P+ 1.66)) + 0.2031 - (0.000258 P)

  

___SPE CitFIC VOLUME OF SA;_(;I_;{-ATEfi LiQuiD (C“'fifib.l

SL= 0.0/1655 + P(0.150326 E-4¢ + P (-0.40488 E-7

_+P(ocsc5584E-/0 +P(-0.4053E-13))))

 

PRESSURE OF SATURATED STEAM (PsiA)
TRIAL AND ERROR METHODBASED oNTEMPERATUKE

CCALCULATION,

<PSIA
____,L_N, _?:_,_,NATURAL LOGARITHMe

E = Pow&gR oF TenN. (&e- E-7

  

] ~ Q i
l

¢
N

~

 

"R2OPSIASP < gOOPSIA -Operating Limits and Warnings

 

 

  

  

 

 

__PRESSURE-~-=~~~====0.90 % maximumErgnan
~ TEMPERATURE — - — — - —- o.1% " ™" __ "

LIQUID _ENTHALPY—-—--~ 0.23 * "°
VAPOR ENTHALPY —— — —— ~ 0.23 * " "

_ _Liquip SPeciFie Vorumeg — -—- ©0.97""0
. VAPOR SPECIFIC Yorume — -~ 0,35+ ""
 
 
  ( . w

This program has been verified only with respect to the numerical example given in Program Description ll. User accepts and uses
this program material AT HIS OWN RISK. in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING. BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING., USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.   _/  
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Program Deseription 11
  

  
  

N

Sketch(es)

- _

~ D
Sample Problem(s)

) WHAT IS THE TEMPERATURE, LiquiDb ENTHALPY, VAPoR

ENTHALPY, SPECIFIC VorumE oF L/QuiD, AND SPECIFIC

VoLUME OF VAPOR oF SATURATED STEAM AT 259 pPsiA 7

2\ WHAT IS THE PRESSURE oF SATURATED STEAM AT
A TEMPERATURE oF 300°F7

3) WHAT IS THE PRESSURE , LiQuiD ENTHALPY AND
VAPOR ENTHALPY OF SATURATED STEAM AT A

TEMPERATURE oF 350°F 7

 

 
Solution(s) KEYSTROKES:

,

1) 2so [A]l — 2zso.00 2) 300 [f][A] — ¢c.4% rsia

[B] — 400.65°F
[c] — 37¢.001 8%,  3) 350[F][A] — 134.39 psiA
[D] — 1200.774 %% [c] —» 321.485 57,

[E] — o.0187 ¥y, [D] —>1193.342 B,
[Ris] —> 1.8506¢ ¢“fp

 

-

 
7

Reference(s)    
 



User Instruetions 3
CARD ONE

SATURATED STEAM PROPERTIES
DATA CARD REQD.

- °F - H, — Hv —>SL;SV

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

 

   

  

  

  

  

  

  

  

  

  

  

  

  

  

 

  

  

  

        
 

 

 

 

 

STEP INSTRUCTIONS DATAIUNITS KEYS DATALRITS

LOAD S/DE 1 AND SIDE Twe oOF 1]

PROGRAM CARD ]
LOoAD S/DE { AND SIDE Two OF I

DATA CARD l:l [ J

3%| (F TEMPERATURE oF SATURATED STEAM L]
IS KNoWN ; KEY /n °F AwD Press [fJR] °F (£ 1lA] psiA

|F PRESSURE oF SATURATED STEAM I
IS KNowN ; KeY IN _PSIA AND PREss [A]| PsiA | ILA | psiA

To COMPUTE THE FotlkowiNGE : .
TEMPERATURE ~-- ----- - press [B] |B| °F
LIQuID ENTHALPY -- -~ -- Press [C] LJle| |5, ue.
VAPOR ENTHALPY -=-~---- Press [D] [IlD| |34,var.
LIQuID SPECIFIE YoLUME -- Press [E] |__J[E| |

§ VAPOR SPECIFIC VoLUME - = THEN [RA] |1R6] [*“f54,yad)
For New CASE Go To STEP 3 } - Hj]]

]
*THIS STEP SHoulb BE OMITTED |F LI
THE PRESSURE [S KNOWN. 0]

I
NeTE: STORAGE REGISTERS A,B,C, I

Po‘. PJ; Pz 3 Sa) sn;‘MD Sz ARE FREE [,_v_._,][ fi__]

For USER USE. I

I
L10]
[1L]
1]
I B
[1]
L1]
[10]
[1L]

Rl
CARD Two j]

SATURATED STEAM PROPERTIES ]
DATA CARD ]

]   
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2 97 Program Listing |
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

TO -

-0
o -

L

REGISTERS

6 7 8 9

2473.873 |14.018715 |391.6036 142 .342.| 11642 £-4| ,808¢ E-11|430.84.9
S3 S4 S5 S6 S7 S8 S9

1S4°1S3 8 |.9422 E-4|.7085E-",150326 40488 E-T|.CC5SB4E-N 4053 E
C D Ti:nrPur E PSIA ¢R IT

or srEc.Vor. VAR| PSIA “ CALCULATED 
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97 Program Listing 11 3
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

34~/ 169 o
170

{

LABELS FLAGS SET STATUS

—» Hy E—»st.'svo TRIG
d e 1

DEG X
3 RESIS 4 GRAD O

QDISPLAV P CEM T

7 5 RAD O 
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Program Deseription |
. )
 
 

 
 

 
 

HEWLETT=-PACKARD

. 1000 N. E. Circle Blvd.
Contributor’s Name e o Corvallis, Oregon 97330

Address

City e e I ____State

.

(. This program solvesfor the average velocity, or the pressure drop for viscous,Program Descripti ; : . .
incompressible flow in conduits.

Equations:

y AP/p

2 f—L— + Kr o
D 4

For laminar flow (Re < 2300)

 

f = 16/Re

For turbulent flow (Re > 2300)

1 D D
—==1737In—+ 228 — 1.737In[4.67 ——_ + 1
VT € ( € Re \/f )

is solved by Newton’s method.

L 173724 2.8
R , Vi, € S

 

is used as an initial guess in the iteration.

where: e

Re is the Reynolds number, defined as pDv/u;

D is the pipe diameter;

€ is the dimension of irregularities in the conduit surface (see table 2);

f is the Fanning friction factor for conduit flow;

Operating Limits : AP is the pressure drop along the conduit;

p is the density of the fluid; s

M is the viscosity of the fluid,; e—

v is the kinematic viscosity of the fluid;

L is the conduit length;

v is the average fluid velocity;

Kr is the total of the applicable fitting coefficients in table 1.

 

 
 

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.    
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 r

Program Title

Contributor’'s Name

Address

City ‘

—

Program Descriptic

Table 1

Fitting Coefficients

 

K
 

 
! Angle valve, wide open

i Gate valve, wide open
Gate valve, 3 open

; Gate valve, ¥2 open
| Gate valve, ¥4 open
; 90° elbow

| Standard 45° elbow

Tee, through side outlet

Tee, straight through

180° bend

Entrance to circular pipe
Sudden expansion

Accelerationfromv = 0t0V = Vengrance 1.0

7.5—10
3.8

0.15—0.19
0.85
4.4
20

0.4—0.9
0.35—0.42

1.5
4
1.6

0.25—0.50
(1 = Aue/Agn)**   
 

eo ——

*A,, isthe upstream area and A,, is the downstream area.

 

 

Operating Limits ai

 

Table 2

Surface Irregularities

Material g € (feet) € (meters)

. Drawn or Smooth Tubing | 5.0x 1076 1.5 X 10°¢

. Commercial Steel or Wrought Iron 1.5x10* 46 x 1075

. Asphalted Cast Iron 4.0x10* 1.2 x 10~
+ Galvanized Iron 50x 10 1.5 x 10

~ Cast Iron 8.3 x 10 25 x 10

Wood Stave 6.0 x 10~*to 1.8 X 10~*to

3.0 x 1073 9.1 x 107

Concrete 1.0 X 107%to 3.0 x107*to

1.0 x 1072 3.0 x 1073
Riveted Steel 3.0 x 107%to 9.1 X 10~*to

3.0 X 1072 9.1 x 1073
_|   
 

Reference:

Welty, Wicks, Wilson; Fundamentals ofMomentum, Heat andMass Transfer,

John Wiley and Sons, Inc., 1969.

 

 
 

MATERIAL.  This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM   y
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Program Deseription 1
 

 

 
 

 

 

 

 
 

 

 

MATERIAL.  

a )
Program Title

Contributor’s Name S

Address S

City _State _Zip Code ~
\ J

( )
Program Description, Equations, Variables

Remarks:

The correlation gives meaningless results in the region 2300 < Re < 4000.

The solution requires an iterative procedure. The time for solution will range e
from 10 seconds for AP, to several minutes for v. The display setting is used

to determine when the solution for v is adequately accurate. Time for solution

of v is roughly proportional to the number or significant digits in the display -

setting.

If the conduit is not circular, an equivalent diameter may be calculated using

the formula below:

cross sectional area - —
Deq = 4—"_——

wetted perimeter -

Unitary consistency must be maintained with the exception of the pressure drop

AP. If all length units are feet, time is measured in seconds and mass is T

given in pounds, pressure may be input or output in pounds per square inch, B

using the €3 B keys.

Operating Limits and Warnings ———

\
_

( )

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM  _/
 

 



 

Sketch(es)

-~
—(——_——__—

Sample Problem

—————————————

Solution(s)

:

:

Reference(s)  

Program Deseription 11
Example 1:

A heat exchanger has 20, 3 meter tube passes (60 m of pipe) with 180 degree
bends connecting each pair of tubes (from table 1, Ky = 10 X 1.6). The
fluid is water (v = 9.3 X 107" m?%s, p = 10% kg/m3). The surface roughness
is 3 X 107* m and the diameter is 2.54 X 10~2 m. If the fluid velocity is
3.05 m/s, what is the pressure loss? Whatis the Reynolds number? Whatis the
Fanning friction factor?

 

 

 

 

Keystrokes: Outputs:

9.3 70 QG 3
00:3 408 60
AQ254EN 216080
3050 3 522. 03 (AP, N/m?)
(R+] > 83.3 03 (Re)

o > 10.2-03 H

Example 2:

For the system shown, what is the volume flow rate?

AAAAAAAAAAAAAAAAS

p=62.4 Ib/ft®

v=10"°ft¥sec<250 ft—*w 78 ft. of water

v=0

3/4 open gate valve

1 2

Ki=Ko+ K, + K,
=1+ .4 +085=2.25

|
|

D=3 in

€= 3.33 x 10~

»>

Keystrokes: Outputs:

First calculate and store AP in psi from the given data.

78 62463 1448
 

 

  

o6 > 157. 03 (AP, psi)

Now store the other values.

soB@62.40
B333E3@0 250

K 128 @2.25
0 > 17.8 00 (v, ft/sec)

Calculate volume flow rate (v X Area).

1.5 2@
(m) 873.-03 (ft3/sec)

What will the height of the water be when the velocity is 15 ft/sec?

5000 24.7 00 (AP, psi)

1448 6248 57.0 00 (ft)
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* User Instruetions

CONDUIT FLOW

D 1S3

- OUTPUT

STEP STEP INSTRUCTIONS oataonms KEYS paraunITs — DATALNTTS

1 Load side 1 and side 2. i

2 Input the following in any order _ ]

(units must be consistent): _ij

Viscosity of fluid M o0 *]

o ]
Kinematic viscosity of fluid v 00 v :]

Density p 0 p "j

Surface irregularity € o0 € ”_]

Length of conduit L 0o L ;j

Equivalent diameter of j

passage D 0 D __j

Total fitting coefficient Ky K;/4 j

3 Input one of the following: j

Fluid velocity v 0 v j

Pressure drop in compatible j

units AP a AP :I

or :’

Pressure drop in psi AP(psi) 06 14.4gAl'D :I

4 Calculate one of the following: j

Fluid velocity B v :l

Pressure drop in compatible j

units AP :]

or :l

Pressure drop in psi o AP(psi) :l

5

|

Optional: After calculation of ]

AP or v, display Reynolds :l

number & Re ]

and Fanning friction factor. @ f :]

6 For a new case, go to step 2 or —]

step 3 and change appropriate —]

inputs. '“—I     
 

  
 

 

 

 

     

 
L
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97 Program Listing 1 39
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

a1 #LBLo 21 16 1l

f

set divide by e 857 1/ 52
A = - - Set f d Re igaz SF:.-E it fl 4-:1.. flag 858 vz 53 D(iasplagn e in

863 cTub 2o 8¢ 859 RCLI 36 @l
684 *LBLb 21 16 12 clear divide by ° 866 RCL4 36 64

686 ¥LELE ¢l gé 862 sLBLD 21 14 Store velocity
gz ST03 35 85 Store u or v 863 S102 35 62
gee €108 Zc 6@ 864 F3° 16 23 83

ere  STOR 35 11 866  SFB 16 21 66 Guess v.
811 croe 2z 86 Store e 867  ©CSBS 23 89
@12 xLBLd 21 16 14 968 *LBL3 >1 o5 Lterate to find
@13  STCE 35 15 969  RND is 24 erate to Iind v

614 &708 <z&@ g76 ST08 35 @6

@16  ST03 35 63 272 RND o o

817 &108@ ez be 873 RCL@ 36 86818 *LBLE 21 17 Store D s ey a1
819  STOD 35 14 ars  xero 1632

6z6  &108  ZZ 86 876 6103 22 8321 ¥LBLC 21 13 Store Kp/4 477 RCLS 36 65 ifitdié 1;: and v
822 4 g4 878 1% 52 pray
823 = B 879 Xz 53
824 STOE 35 86 888 RCLI 36 81
825 slBLE  ZI 86 881 RCL? 36 82
826 (F3 le 2z 83 Clean data input 882  RIN 24
azz RN &4 tlag 883 ¥LBL? 21 85 Calculate con-

g‘?-g 4 g‘f ] i 885  F2? 16 23 82
28 & & onvert input psi 886 ST=9 35-24 89

831 ? 65 toIb/ft-sec and @87 RCLD 36 14
83z < 6z 888 RCLE 36 15
633 X "JS 889 = _24

834 ST04 35 84 9%  ST06 35 B
835 F37 16 23 83 891 I -

RTN 24 .
gg? GSBE 23 ;5 Convert 1b/ft-sec? ggé I _g{
a3s 4 84 to psi and display 094 ‘_‘ B;'

839 6 86 Py 2 o3
g4 3 83 896 7 87
841 < oc 897 sT07 35 @7
84z = -z4 898  x -35

@44 xLBELE 21 15 106 ) ez
845 STO4 35 a4 Store pressure 181 z 8z

847  RIN 24 103 . _ss

84¢% ESBS 23 89 Compute pressure 185 ST0S 35 @5

or 39 167 6107 22 67
S X ‘..55 ¥ O 21 88

85z RCLR 36 11 ) }gg LBL? 61 Is flow turbulent?

834 X _ 33 118 € 86

& RCLS 36 85 385 RLLy & —ToeTERS 112 RCLD 36 14
6 7 8

0 v 1 Re ? v ° L AP 1/)/-f D/E 1.737 KT/4 V,y,U

S0 S S2 S3 S4 S5 S6 S7 S8 S9

D E I

A o Used 1/ ’/—f:) D €
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40 97 Program Listing 11 Page  of
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 X =35 169 G102 22 8z
114  RCLY 36 85 17@ *LBLT 21 &7
115 z -4 171 RCLS 36 85 Start caleula—
116 ST01 35 a1 172 17X 5z tion of AP or v
117 2 8z 173 xe 53
118 3 a3 174 RCL3I 36 83
119 a ae 175 X -35
128 e 8¢ 176  RCLD 36 14
121 X£y0 16-35 177 z -24
122 ETO0Z 22 8z 178 RCLE 36 86
123 Ri -31 179 + -5¢5
124 : -24 188 2 az
125 ¥ 54 181 X -35
126 -5 5z 182  RCL4 36 84
127 6107 22 67 183  RCLA 36 11
128 #LBLZ 21 8z 184 z -24
129  RCLC 36 13 Iterate to find 185 K2y -41
138 RCLS 36 85 1 186  F@8? 16 23 @i

B0 T T oe 1 0 200
173 . -52 ow 189 xLBL@ 21 o@ Finish v calcula-
134 6 86 198 2 -24 tion
135 7 a7 191 s 54
136 RCL6 36 86 192 ST02 35 8z
137 X -35 193 RIN 24
138 RCLI 36 81
139 z -24
148  RCLS 36 85
141 X -35
142 1 a1
143 + -55
144 STOB 35 12 200
145 LN 3z
146 RCLT 36 &7
147 X -35
148 - -45
149  RCLE 36 12
158 1. 5z
151  CHS -2z
152 1 81
153 + -55
154 RCLT7 36 67 210
155 X -35
156 RCLS 36 85
157 z -24
158 i a1
159 + -55
166 z -24
161 ST+5 35-55 85
162 RCLS 36 85
163 z -24
164  ABS 16 31 220
165  EEX -23
166  CHS -2z
167 3 a3

_ 168 R<Y? 16-35 LABELS FLAGS SET STATUS
L : B © ke [P ® AP v calc.| FLAGS TRIG DISP

a c d

H v P - € S 1 v DR pEe m Fx B
- Used - :iter—JL/f' 8iter—v ¢ divid ; g SESD% SSIGZE

calc. turb? > f 3 0 K n_—_            
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Program Title

Contributc

Address

City

:

—(—__——'

 

\_

Operating Limits ar

PARALLEL & COUNTER FLOW HEAT EXCHANGERS

HEWLETT-PACKARD
1000 N. E. Circle Blvd,
Corvallis, Oregon 97330

Program Description, Equations, Variables

tate

 

.ZipCode

 

 

This two card set allows analysis of counter-flow, parallel-tlow, parallel-

counter flow, and cross-flow (both fluids unmixed) heat exchanges.

The program is organized in four segments. The first side of card 1 performs

heat balance calculations and acts as controller for the three slave program

segments. Slave program segment one, on side 2 of card 1, is applicable to

parallel-flow and counter-flow heat exchanges. Counter-flow is selected by
pressing @ @ until 1.00 appears. Parallel-flow is selected by pressing
0 B3 until 0.00 appears.

Fluid 1 in

Fluid 2 out

Fluid 2 in ‘

  

  

   

   

Fluid 2 out

Figure 1
Counter-Flow

Fluid 1 in

Fluid 1 out

Figure 2
Parallel-Flow

Fluid 2 in  

 

   N MATERIAL. This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM   
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. The slave segment for parallel-counter-flow configuration (with an even B
Program Title . ) e

number of tube passes) is on side 1 of card 2.

Contributor’s Name ‘ —
Fluid1in

Address e

City Fluid 2 out S

~— — — —

[Program Description Fluid 2 in B
- -

Fluid 1 out e

Figure 3 Parallel-Counter-Flow
- (Even Number Of Tube Passes) T

The slave segment for cross-flow (with both fluids unmixed) is on side 2 of  ——— -
card 2. — ——

o Fluid 2 in | ‘ -

T Fluid 1in (Fluid 1 out T

I —> — ——

’ lFIuid 2 out -

- Figure 4 Cross Flow
R (Both Fluids Unmixed)

Equations:
Operating Limits an . . . ) —_—
P g Heat exchanger effectiveness E is the ratio of actual heat transfer to maximum

e possible heat transfer. —_—

e — q — Ch (Thin — Tho) — Ce (Teo — Tein) —

Cuin (Thin — Tein) Cmin (Thin — Tein) Cumin (Thin — Tein) _ ~

where: -

q is the actual heat transfer;

Thin and T, are the inlet temperatures of the hot and cold fluids,
\ - respectively; —

Tho and T, are the outlet temperatures of the hot and cold fluids, ——]
’ respectively;

This program has b cepts and uses

this program materi Ch and C, are the heat capacities of the hot and cold fluids, respectively, ~ithout reliance

upon any represent: e.g., Ch =my X ¢y, where my, is the flow rate and c,, is the specific
NEITHER HP NOR - heat capacity of the hot fluid,; GARD TO THIS
PROGRAM MATERI . AND FITNESS
FOR A PARTICULA Crmin and Cpax (Which are used later) are the smaller and larger values of t CONSEQUEN-
TIAL DAMAGES IN Cy, and C.. HIS PROGRAM
MATERIAL.

. / 
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Program Title

Contributor’s Name

Address

City

N
 

 

  

Effectiveness can be related to the product of the surface area of an exchanger

and the overall transfer coefficient for specific geometries. This product is

designated AU. The geometries considered in this pac have the following

correlations:

Counter-Flow (See figure 1)

_ AU (| _ Cun
1 —e len Cmax

AU (1 _ Comn )

1 — (Cmin/cmax) € Conin Crax

 

E =
 

 

 

 

 

 

 

  

————

Program Descriptiol For Cpin/Crmax = 1

_ AU/Cpin

1 + AU/Cpin

Parallel-Flow (See figure 2)

AU
- 1+ Cmin/Cmax)

1 —e Cmin

E =
1 + Cmin/cmax

For Cpnin/Cmax = 0, Cpin is set to 1.

Parallel-Counter-Flow; Shell Mixed with an Even Number of Tube Passes

(See figure 3)

mm /1 + mm 1+ e -

Cax 1—eX U

where: -

=AU (Lo Y
Cmin Cmax

Cross-Flow; Both Fluids Unmixed (See figure 4) o

No exact expression exists for this case, but the following is a very good -
approximation. Note that it cannot be stated explicitly in terms of AU and thus _
requires an iterative solution.

N ——

(Ee) .
e (max

E=1-e¢ Chin

. s where:
Operating Limits anc

Cmin 0.22

References:

W.M. Kays and A.L. London, Compact Heat Exchangers, National Press,

1955.

Eckert and Drake, Heat and Mass Transfer, McGraw-Hill.

Remarks:
— : : _
— Registers Rgo-Rgy, Re, Rg, and R; are available for user storage. -
— , , . —_—\

Solution for AU, using the cross-flow slave card takes significantly longer than

This program has bee other solutions because of the iterative technique required. s and uses
this program material wout reliance

upon any representati You should always solve for all values (AU, q, T¢,, Ty, and E). It is quite

NEITHER HP NOR THK possible for the heat balance equations to yield meaningless solutions for a RD TO THIS

PROGRAM MATERIAI particular type of heat exchange. By calculating all results, you are assured VD FITNESS
FOR A PARTICULAR that th fi tion bei di ble of th f ified A ONSEQUEN-
TIAL DAMAGES IN Ci at the configuration being used is capable of the performance specified. An . PROGRAM
MATERIAL. error message during calculation of AU or q usually indicates a violation of the

second law of thermodynamics. )
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Program Deseription 11
 

 

 

 —

Sample Problem(s)

 

Solution(s)

   

cpn = 0.53 Btu/lb-°F

m;, = 37,000 Ib/hr

T('in = SSOF

Thin = 200°F

T,, = 110°F
U = 25 Btu/ft>-hr-°F

Keystrokes: Outputs:

Load side 1 and side 2 of card 1 and select counter-flow mode.

55 @ 3 20000 EEED !

 

 

 

 

 

 

 

 

8 B 200 @ 37000
S33000 1.00 (Counter-flow

mode on)

11083 > 0.62 (Effectiveness)

Since effectiveness is the same for all configurations, store it for later use.

0 > 0.62

Calculate AU.

0 > 31587.76 (AU)

258 > 1263.51 (ft?)

Switch to parallel configuration.

0 > 0.00 (parallel selected)

1] > 0.62

0 > Error (Violation of

second law)

CLx > -0.23 

Load parallel-counter flow configuration on side 1 of card 2 and clear display

 

 

 

 

 

~Sketch(es) Example 1:

Water (¢, = 1 Btu/lb- °F) is used to cool an oil (¢, = .53 Btu/lb- °F) from

200°F to 110°F. The water flow rate is 20,000 pounds per hour while the oil

flows at 37,000 pounds per hour. If the water inlet temperature is 55°F and U is

25 Btu/ft2-hr-°F for the heat exchangers being considered, what are the area

requirements for counter-flow, parallel-flow, parallel-counter-flow and cross-

. flow? SRS

Knowns: I

¢y = 1.0 Btu/Ib-°F mue

m. = 20,000 Ib/hr o

 of ““Crd.”

- »> -0.23
- 00 Error (Violation of

second law)

\_ ~ [ > -0.06 /

- Load cross-flow configuration on side 2 of card 2 and clear display of *‘Crd’’. ——_‘——j—_

Reference(s) 00 39383.22 (AU)

258 > 1575.33 (ft?)

(Do not alter storage registers if you intend to continue with example 2.)

o _/
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Sketch(es)

Program Desecription 11

  
  

 

 
  

 

 

 

 

 

  
    

o =
3 )
Sample Problem(s) ._ )

Example 2:

If a counter flow exchanger with an area of 1000 ft? and an overall heat transfer

coefficient of 27 Btu/ft?-hr-°F is available, how close will the outlet tempera-

ture of the oil be to 110°F? What will the total heat transfer and outlet water

temperature be? All unspecified values remain the same as example 1.

Keystrokes: Outputs:

Load counter-flow routine on side 2 of card 1 and select counter flow mode.

oG 1.00

Calculate AU product and calculate q.

27 1000 27000.00 (AU)

0 > 1656452.69 (g, Btu/hr) -

> 137.82 (Teo)

o > 115.53 (Tho)

a > 0.58 (E)

Solution(s)

. _J

N

Reference(s)   
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° User Instruetions

L Tho* €

< 2p
3
eeee OUTPUT

STEP INPUT : - OUTPUT DATA/UNITS
INSTRUCTIONS DATA/UNITS : KEYS : paTA/UNITS ;

Load side 1 of card 1. 7 ‘ | ;

Select pfoper configuration ‘—J

1 card and side, and load: - |

a. Parallel or counter-flow - ]

' exchangers—card 1, J

side2. - J

b. Parallel-counter-flow - J

(even number of tube ;J

passes)—card é, side 1. l

c. Cross-flow (both fluids '::J

~ unmixed — card2, side 2. ]]

o bscm] @ ow
i If you loaded parallel/ - ]

g | rc;vc;Ler‘ner-flow cdafigurationé in 1 . ——J

; step2, select counter flow | — ]

! (1) or parallel-flow (0) using -

E mode ‘toggle. N il:fl 1 1 00/900 -‘ — :*}

* Input the following values » S *]

Cold fluid inlet temperaturg Tcirf g B ,,TC,'," T ]

% Cold flUid, density flow rate m. [ener me N

then - - I

Cold fluid heat capacity Coc 20 QC ]

I | L N
Hot fluid inlet temperature i Thin £ & Thin ””]

Hot fluid density flow rate 5 m, ‘k m, - :“]

; l then 5 ; — - i*'l

; Hot fluid heat capacity Con 0 (o

 

 

 

 

 

 

 

 

L
S

YB
y
B

R
e

s
g

i If the remaining known is

'_ effectiveness, go to step 7.

! If area-conductance product,

go to step 8. If heat transfer,

go to step 9. If cold fluid outlet

temperature, go to step 10.

. If hotfluid outlet temperature,

; go to step 11.
 

¢
N
N

B
D
A
.
L
S
A

%
5
8

£n
ac

mi
ss

nm
ed

oo
t

T
R

A3
2
t
S
o

D

 

 

     

  

 

 

 

 

 

 

 

 

    



User Instruetions

 

OUTPUT7 W h eff |STEP ith ectlveness dusplayed DATA/UNITS
  

calculate area-conductance
  

ama
ar
g

e
l

|

,
.

‘

product V EW W 0O 7 . AUo

  
8 ’ Wlth area-conductance

4 - - - -4 -4- R   
iproduct displayed, calculate

   heat transfer AU (8] q
  

9 W|thheattransfer dlsplayed, l
  

]calculatecoldflund outlet
  

temperature q Teo
  ———4- —_—— —— ,,,,,,,,,,,,_,leS ee

10 Wlth cold flund outlet
— — e — — 4  

temperaturedlsplayed
S —— - — e ——— — ,_l,,,, ——e   

” calculate hotfluud outlet
— - —- - e — - —— - b — — - - -   

temperature Teo o0 Tho
  

11 Wuthhotquudoutlet tempera-
  

ture dlsplayed calculate
'- —— ——   

effectlveness Tho a E
   

7 12 Go back to step 6 and com-
   

plete caIcuIatlon of all outputs
  

13| For a new conflguratlon go to
A— —————   

step 2. ltis notnecessary to
  

repeatthennput process lf
  

valuesremain unchanged
  

14| For new |nput valuesgoto
   | step5 and change appropnate
       vanables
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48 97 Program Listing |1
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

@81 xLBLa 21 16 11 Store T _. 857  RCLI 36 &1
g8z  ST02 35 62 cin 858 - -45
@83  RTN 24 859  CHS -2z
804 xLBLb 21 16 1Z Store C 868  RTN 24
68s X -33 o @61 xLBLE 21 15 Calculate E from
@86  ST03 35 @3 862 STOS 35 85 Teo
gar  RIN 24 | 863 GSRI 23 81
88 #LBLc 21 16 15  Store T. 864 RCL4 36 84
g3 ST0! 3561 865 RCL7 36 67
@18  RTN 24 866 z -24
@11 xLBLd Z1 16 14 Store C, 867 RCL1 36 81
812 X -35 868 RCLS 36 85
813 ST04 35 84 869 - -45
814  RTN 24 878 X -35
@15 xLBLe 21 16 15 Clear flag 1 for 871 RCL! 36 81
a1é F1? 1& 23 8l counter flow, set 872 RCLZ 36 8z
817 ET06 22 @6 for parallel flow 873 - -45
818 8 aa 874 z -24
@19  SF1 16 21 a1 875 STOS 35 85
28  RTN 24 876  RTN 24

82z 1 a1 878 X#@8° 16-42 C. /C =0
823 CF!1 16 22 @i 879 ¢T0@ 22 @8 min’ “max

824  RTH 24 088 1 61
825 «xLBLA 21 11 Calculate AU from E 881 RCLS 36 85
@26 STO0S 35 85 882 - -45
27  ESBI 23 a1 883 LN 3z

828 GSRA 23 @@ 884  CHS -2z
829 STO8 35 65 885  RIN 24
8368  RTH 24 886 #LBL2 21 8z Calculate E for
831 «LBLE 21 12 Calculate q from AU 887  X#8? 16-42 Coin/Cmax = ©
832 ST08 35 85 | 888 &T02 22 8z
833 G5BI 23 81 | @89 1 81
834 GSB2 23 8z @98 RCLS 36 68
835 RCL7 36 87 891  CHS -2z
836 X -35 892 eX 33
837 RCLI 36 81 993 - -45
838 RCLZ 36 8z ! 894  RIN 24
8339 - =45 ; 895 #LBLI 21 81 Store C.. and
046 X -35 ! @96 RCL3 36 63 C /C
841 STO6 35 @6 | 897 RCL4 36 64 min’ “max
842  RIN 24 1 898  X>Y? 16-34
843 xLBLC Z1 13 899 XY -4
g4 ST06 35 8  calculate Tfrom q | 188 ST07 35 67
845 RCL3 36 @3 i 181 XY -41
846 ) -24 | 182 : -24
847 RCLZ? 36 8z | 183 5T06 35 66
848 + -55 1864 RN 24
849  RTN 24
aseé «xLBLD 2l 14 Calculate T, from
851 RCLZ 3 68z T ho
852 - -45 co
@53 RCL3 36 83 —
854 X -35
855 RCL4 36 84

856 = -e4 REGISTERS
1 2 3 4 5 6 7 8 9

emin/Cmax Thin Tein e ‘) E 9 Cmin AU Cnax
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D I      
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Parallel-Flow & 91 Program lellllg Il cars 1, sie 2 49
STEP MWF:L%Y CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 xLBLE Zl a8 169 ex 33

114 F1? 16 23 @1 Counter-flow AU 17e 1 81
115 €708 22 88 calculations 171 oY -4]
116 RCLS 36 85 172 - -45

117 17X 8 173 LSTX 16-63

118 - -435 174 RCLA 36 686

118 1 ai 175 X -35

128 LSTX 16-63 17¢ i 81

121 - -43 177 oY -4]

122 < -24 178 - -45

123 LN 3 179  X=8°? 16-43

124 1 a1 188 6709 2z 89

125 RCLE 36 @86 181 z -24

126 - -45 182 RTN 24

27 X=87  16-43 187 xLBLS 21 89 Counter-flow E
128 €107 22 67 184 RCL8 36 88 |calculation where
129 = -24 185 RCL7 3687 |C . /c =]
138 RCLTV 36 87 186 = -24 min’ "max

131 x -35 187 ENTt =21

132 kTN 24 188 ENT? -21

133 xLEL7 21 87 18¢ 1 81

134 RCLS 36 85 Coun}:er-f]ow for 196 + -55
135 1 ai C_. /C _ 191 z -24

136 RCLS 36 @5 min “max = 1 192 RIN 24
137 - -45 193 xLBLS 2l 88 Parallel-flow E

138 : -24 194 1 a1 calculation

148 x -35 196 RCLE 36 88
141 RTN 24 197 RCL7 36 6r

142 xLBLE 21 as8 198 z -24

143 RCLB 36 6@ Parallel-flow AU 199 X -35
144 1 ai calculation 2680 CHS -2é
145 + -35 281 ex 33

146 RCLS 36 835 282 CHS =22

147 X -35 283 1 a1

148 CHS -2z 204 + -85

148 1 ai 2835 1 a1

158 + -35 286 RCLe 36 ee

151 LN 3 287 + ]

152 CHS -2 2688 z -24

153 1 a1 289 RTH 24

154 RCLe 36 @v 210

155 + -55

15 = -24

157  RCL?Y 3o &7

158 X -35

1539 RTH 24

168 xLBLZ 2l 8z

iéi F17 16 P o1 Counter flow E
62 ET08 <z bg calculation
163 1 i
164 - —45 220

165 RCL8 3o 88

166 RCLY 36 87

167 z -24

168 X -35
LABELS FLAGS SET STATUS

AE>AU [B Alq © 9T, PLT, [fThE 0 FLAGS TRIG DISP
1 ON OFF

® Tein P metepe 19 Thin Mptepn |0 CNT? 2 CNT? |8 & oE6 W FX B
0 3 2

E~AU Cmin ? AlbE ; S % 22‘6‘ O ENG,.O
5 5 "¢. /C__|® parallel|°c_,/c[ 3 0 i n—2           T

=1
LALASYAY LAAA- TAY
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_parallel-Counter—Flow 97 Program Listing I cxa2, sice 1
OSTEP KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS

112 xLBLE 21 Ge 169 HE 53

114 5E6 23 H6 i78 1 ai

115 Z bz 171 + -55

11é X -33 172 {5 54

117  RCLe 3t 86 73  STo6 35 @6

118 Z éc 174  RTN 24
118 RCLS 36 85

126 z -Z4

121 + -55
122 RCL 36 835

123 h -45
124 z -24

125 CHE =27

126 i ai 070

27 + -55
128 LK 3

129 RCLe 36 86

134 z -Z24
131 CHS -2z

132 RCLT 36 47

133 < -Z4

134 LSTK l6-63

135 ENT? =21
136 X -35 080
137 X -35

138 RTHK 24

122 xlBL: 21l az

146 6SB6 23 86 Calculate E for
141 RCLS e 88 parallel-counter-
142 RCL7 3t @87 flow

142 : -24
144 RCLS 36 86

145 X =35

146 CHS =22 090
147 e* 33

148 1 ai

142 N -41

156 + -39

151 1 ai

152 L&TX 16-63

153 - -45
154 £ -24
185 RCLe 36 8¢

156 X +35 100
157 RCLS 36 8%

158 + -39

158 Z bz

lea ei -4]

161 z -4

i62 RTN 24

163 ¥iBlLe 2l ée

164 RCLE 36 a8

165 1 a1 o
166 + -35

167  S§TOS 35 8%

168 RCLE 36 8E S=GISTERS
0 1 2 3 4 5 8

_Cm_i’h’/cma L Thip Tc:I.n c Ch E Used Cm‘in AUi Used

S0 X S2 S3 S4 S5 S6 S7 S8 S9

A B I
AU, L F(AUi) F(AUi-l)      
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Cross-Flow 97 Program Listing 11 cexa 2, sice 2
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 xLBLE 21 68 [ 169 e* 33
114  FIX -11 | 176  CHS -22
115 @ 88 171 1 al
116  ST0A 35 11 172 + -55
117 1 81 173 RN 24
118  RCLS 36 85
119 CHS -22
128 STOD 35 14
121 + -55
122 LN 32
123 CHS -22
124 ST08 35 a8 180
125 xLBLé 21 86
126 RCLS 36 88
127 6SB2 23 82
128 RCLS 76 85
129 - -45
138 STOB 35 12
131 RCLA 36 11
132 RCLE 36 88
133 STOA 35 1i
134 - -45 190
135 RCLD 36 14
136 RCLB 36 12
137 STOD 35 14
138 - -45
139 z -24
148 X -35
141 ST-8 35-45 85
142  RCLE 36 85
143 z -24
144  RND 16 24 200
145  X#8° 16-4z2
146 &T06 22 86
147 RCL8 36 88
148  RIN 24
149 %LBL? 21 82 Calculate E for

158 RCLS 36 86 cross—flow.
151 RCLT 36 87
152 z -24
153 ENTt -21
154 ENTt -21 210
155 . -62
156 2 8z
157 2 8z
158 px 31
159 RCLE 36 8@
168 z -24
161 z -24
162 LSTX 16-63
163 X% -41
164  CHS -22 220
165 eX 33
166 1 81
167 - -45

168 39 LABELS FLAGS SET STATUS
A B C D 0

FLAGS TRIG DISP

a b c d 1 ON OFF
o O 4d DEG O FIX S

0 1 2 2 1. 0O 0O GRAD O SCI

5E+AU AU 2L > 0O 0O| RAD O

|

ENG O
3

iterate 3 0O d n         
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Program Desecription |
[ N
Program Title ENERGY EQUATION FOR STEADY FLOW -
 
 

Contributor's Name Hewlett-Packard

 
 

 
 

Address 19310 Pruneridge o

City Cupertino | ~ State CA Zip Code 95014
\_ J

a2 )

Program Description, Equations, Variables Given any 8 terms out of 9 terms in energy

equation for steady flow as shown in the figure, this program calculates the

remaining term.

Energy Equation:

 

  
 

 

 

 

 

P v, P, v H
Wrthtag RtttTR
Where ——————— = -

= i . vVH total dynamic head, ft. Systen /K‘f—}z »

Hp = head added by pump, ft. Boundary -

HT = head extracted by turbine, ft. | b

' Hl— = head loss due to friction, ft. | Turbine "*HT ,,,,, :S

29 velocity head, ft. | i

-~ W = pressure head, ft. | [

- L = potential head, ft. ~ l

W« T |A——|
oz z1 {

YN1w

Operating Limits and Warnings

.

~ ~
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\ J    
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Program Deseription 11
 
 
 

 

  

 
  
   

 

 
 

 

 

 

 

 

  

 

 

—_— — —
fSketch(es) V. Z = 400' Q = 100 ft, 3/sec. |
P —

e e HL = 25 ft,
| Reservior Shaft Work Out '
e- A —

Be : Discharge pipe, A = 12,48 ft, 2 ——4

OBS / , .

R Penstock | Turbine Z\X——— %5 =10 ——~T \ L eee
— Tail race /|

a8 )
SampleProblem(s).. S

&5Ba
o .88 GSBb  ———-
F1nd thehead extracted by the turb1ne 486.86 G5Bc

@8.88 GSBd
S bSbe —

ESBR- S 16.68 o588 ——

Hy = 364.00 ft. I , 180.88 ENTt
12.48 =

. e I gz ——

- e . J.28 = o
2.88 =

e o csBe ——

e 25.88 GSBE o

e.88 C(Fe

&SBO —
3o4.86 xxx

 

 

 

Solution(s) Loadside1ofthe program, switch to -

(£ [al . 0 [f] [E] . 400[F][c].o [f] o). [F] [E].[E,lo.100 [ENT]12.48
[:]1x9 32.2 [:]2[z]c,25 [E] , 0 [f] [CLF] [0] [D] ~364.00 (HT = 364.00 ft.)
 

   

  

  

  

 

 

  

\

Fluid Mechanics and Hydraulics, by Ronald V. Giles, Schaums Qutline

‘Series, McGraw-Hill Book Company, New York,1962/

Reference(s) _     
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INSTRUCTIONS
INPUT

DATA/UNITS
KEYS

OuUTPUT
DATA/UNITS
 

Load side 1 of the program
 

Initialize
 

Input any 8 of the 9 terms in the equation:
 

P, /W
 

 

Z 3
4
 

 

V,%/2g
 

 

 

 

 

 

 

 

 

 

 

 

 

 

To calculate the remaining unknown,
 

first press:
 

 

 

 

Then press the label key for the corres-
 

ponding unknown term.
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g7 Program Listing I
eTEp KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
 

881 xLBla i 16 11 857 RCL1 Jé 81
#a:  CLRE 16-33 858 RCL2 3o 8z]

883  SFE 1& Z] @@ Initialize as9 + -55
aa4 8 BE 866 RCL3 36 83 left side of
8as RTN 24 861 + -55 equation
@66 xLBLb 21 16 1z 862 RCL4 36 84
a7  STO1 35 ai /W 863 + -55
888 6SE3 23 83 864 STOA 35 11
ae9  ST0¢ 35 a1 @65  RIN 24  

 
816 ET04 2z b4
811 xlBLe 21 le 13
812 S§T02 33 8:

866 sLBLZ 21 8z
867 RCLS 36 85
868 RCLo 36 66

~
L
=
L

 813 &SE3 23 85 8ec9 + -39
814  £T102 39 8z 878 RCLV 36 87
815 &704 iz 84 ~ a1 + -39 right side of
816 sLBLd Z21.16 14 ™ 872 RCLS Jé 88 equation
817 ST03 33 83 v 2 8’2 + -39
618 &SB3 23 85 “1 /29 674 RCLS 36 69
13  §T03 35 83 as5 + -39
828  GSB4 23 64 676 ST0B 35 1
821 #LBLe 21 16 13 877 RIN 24

6878 »LBL3 2l 83
8’9 GSBS 23 89

822 ST04 33 84
823 &5B3 23 &3

 

  

824 ST03 35 83 888 GSBI 23 61 calculate
825 ET04 22 84 @81 €SB2 23 6z unknown
826 xLBLA Z1 il 882 RCLA 36 11 |
827 STOS 35 85 883 - -45 |
828 6SB3 23 83 /W @84  RTN 24 [
829  CHS -2z 885 «LBL4 21 84 | print
@38 S5T05 886 PRTX -14 .
831 6704 22 84 887  SPC 16-11
632 xLBLB 21 1z 888  RIN 24

689 xLBLS 2l 8%
ase F8? 1le 25 86

833 ST06 33 86
834 &5B3 23 83 A

&
A

e

check for unknown

 

 L
s
t

s
J
L
s
1
L

 

 

     
 

 

 

 
 

 

 

          
 

 

  
 

       
 

 

 

835  CHS -2z 891 RS si 4|
836 ST06 35 86 892  RTN 24 |
837 GcT04 22 b4
838 sLBLC 21 13
§39 STO7 35 67 2
g4 ¢cse3 2383  Vp /89
841 CHS -2z
842 5107 396 | FLAGS SET STATUS

baz CTD4 284 o || Input FLAGS TRIG DISP
844 xLBLD 21 14 1 LAGS
843 5708 33 6% o0 B DEG @ FIX ®
846  65B3 23 83 Hy 3 1 O GRAD O sci O
847  CHS -22 y > O ®| RAD O

|

ENG O
g48  STO8 35 68 30 8 n
843 €104 22 04 T eeis
856 ¥LBLE 21 15 A 5 Ty 2 5 Eh
851 ST09 35 @9 Po/M 2 Vo /29 _ ;'T L
852 GSB3 23 83 ' ® START  [°P,/W ° I, Vi¢/29 |° HJ

853 CHS =22 0 1 2 pi 3 4 .
g54 709 35 ga __J. : _ Left _ Right 8Unknown 5 Print

@55 Cr04 22 84 __ Check

8 9TP 7y PuFreg [PH e oz, [729 [Py H
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

          B C D E I       
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Program Desecription 1|

Program Title FLOW WITH A FREE SURFACE

 
 

 

 

Contributor’'s Name Hewlett-Packard

Address 19310 Pruneridge Avenue -

city Cupertino state  CA Zip Code 95014
\_

~

Program Description, Equations, Variables

Manning flow formula:

 

SO ()
4

2 2082 TP X a » and

0= 1;_ 283, (173

Where S= slope of the bottom, dimensioniess

n= roughness coefficient

r= hydraulic radius ft.

Q= discharge rate ft3/sec B
. 2

a= crosssection area ft /sec

~ I discharge factor dimensionless

 

Operating Limits and Warnings

 

   This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL. 
 

  



 

Program Description 11
57

 

 

 

 

 

 

Sample Problem(s) (1) Find Q for s=0.001, n=0.013. r= 5/12, a=5

(2) Find K for s=0.001, n=0.014, D=4, Q=200

rSketch(es)

_ J
N

 

 
Solution(s) Load side 1 and 2

(1) 0.001[A], 0.013[8], 512 [F1@, 5[0].[E]=>10.1 (9=10.1 ft3/sec)

(2) 0.001[F]A], 0.014[FIB , 4 [FIlC], 200fIE , ED 2.2 (K=2.2)

 
 
 

Reference(s) Civil Engineering Handbook, Leonard Church Urquhart

(Editor-in-chief). McGraw-Hi11l Book Company 4th edition.

      



58 User Instruections

INPUT
INSTRUCTIONS DATA/UNITS

For Manning flow formula, input

pressing the corresponding ke

For a new case go to step 2

Calculate the remaini unknown b

For a new case go to step 2

1l
o ] || |

e
0 L

fl -
]

0[
I
I
[

] |

B
H |3
t

B
\

C] L
Jo

to
do

de
JJ
UO
UO
E

o
l
D
l

b
y

|

fl
|

]
B
N i

L
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i
|
—
_
—

T
T ’
!
J

r
—
T
(
—
q
r
—

_

OuUTPUT
DATA/UNITS
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

@8l ¥LBLA 2111 | 857 GsB7 23 &7 a
aaz ! al ] 858 z -24

883  E5Ec £3 86 859 RCL3 36 @3
884 RCLZ 36 82 | 868 4 84
88s  RCLS 3& 85 @61 ENTt -21
@88 X =35 862 3 83
ge; A% 33 863 : -24
888  GSE7 23 87 864 X 31

ang = -24 865 : -24
ele RCL3 Jé 83 866 RCLI 36 81

a1 4 a4 S 867 z -24
812 ENTt =21 868 Iy 54
813 3 83 869  ET0S 22 839
a14 : -24 878 #LBLE 21 15
815 Y 31 871 5 85
al¢ 3 -24 872  GSBE 23 86
817 RCL4 36 84 873  GSBI 23 a1
a1e Xz 53 874 RCL2 36 82 Q
819 z -24 875 Xz 53
828  ET09 22 @9 876 2 -24
821 *LBLE 21 12 ar? IX 54
22 2 8z 878 €709 22 89
823  G5B6 23 86 879 #LBLa 21 16 11
874  GSBi 23 a1 n 888 1 81
825 RCLS 36 85 881  GSBé 23 86
82¢ xe 53 882 RCLS 36 85
27 : -24 883 RCL? 36 82
28 s 54 884 X -35
829  &T09 2z e — 885 RCL4 36 84
838 xLBLC 21 13 —— 886 z -24
831 3 a3 887 RCL3 35 83
@32 G5Be 23 @6 888 ENT? -21 S
833 RCLZ 36 82 889 g 86
634 RCLS 36 65 898 ENTt -21
a3s * -35 891 3 83
836 X% 3 892 z -24
@37  GSET 23 67 893 ox 31
838 2 -24 P 894 z -24
839 RCL4 36 84 895 Xz 53
a4 yE 53 89 6109 22 89
841 : -24 897 «LBLb 21 16 12
842 RCLI 36 81 898 2 8z
843 z -24 899  6SB6 23 86
844 3 83 188 cSB2 23 82 0
845 ENT? -21 181  RCL4 36 84
846 4 84 182 x -35
847 : -24 183 RCLS 36 85
848 yx 31 184 z -24
@49 G109 22 85— 185 6709 2289 T
856 *LBLD 2114 T 166 *LBLc 21 16 13 —
851 4 a4 167 3 83
852 G5B 22 86 188  CSB6 23 @85
853 RCL2 36 8z 189  RCLS 36 85
854 RCLS 36 85 118 RCL2 36 82 D
8ss X -35 111 X =33
asé Xz 53 ..., 112 RCL4 36 84

0 1 S 2 n 3 r, d 4 a, K 5 Q 6 7 8 9

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A C D E
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60 97 Program Listing 11
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 = -24 { 169 K2 -41
114 RCL1 3¢ a1 i78 GSBE 23 88

15 X o4 171 RTH 24
116 : 24 172 ®LBLT 21 87
117 3 83 173 2 8z
118  ENTt -21 174 ] -62 2.2082
119 8 85 175 z 6z
128 * -24 176 g 8é
121 I 31 177 g 8 |
122 &TC8 22 8% -~ 178 2 a: |
123 xLBLd 21 16 14 179 RTN 24

124 4 84 186 xLBLS 21 @
125  &5B6 23 86 181  %#8% 16-42 |
126  RCLS 36 83 182  PRTY -14 | Input or
127 RCLZ 36 6z K 183 ST0i 3545 | output?
128 X -35 184 é 86
129 £5BzZ 23 8z 185  X#Y? 16-32
138 : -24 186  RsS 51
131 6708 22 89 187 FTN 24
132 xlBLe 21 16 15 188 «kLBLS 21 89

133 J 85 189 STOi 35 45
134 ESBé 3 86 196 SPC 16-11 |
135 65BZ 23 &z Q 191 PRI -14 ]  print
136 RCL4 3o 84 197 SPC 16-11 ] |

e X -39 193 RIN 24 f—
138 RCL2 36 6z
139 2 -24
148 €709 22 88 |——
141 xLBL1 21 61
142 RCL3 36 83
143 4 a4
144 ENT? -21 200
145 3 a3
146 : -24
147 Y 31 :
148 RCL4 36 84 Subroutine
149 Xe 53
156 x -35
151  6SB? 23 67
152 X -35
153 RCLI 36 61
154 X -35 210
155  RTN 24
156 xLBL2 21 8z
157 RCL3 36 63
158 8 as
159  ENTt -21
160 3 83

;gé X 3: Subroutine

163 RCLI 36 o1
164 X 54 220
165 X -35
166  RTN 24
167 &LBLE 21 86
168  STOI 35 46

LABELS FLAGS SET STATUS

Aos B © r K £ Q 0 FLAGS TRIG DISP
a b c d e 1 ON OFF
s n D K Q : oD W OEG W Fx O

4 1.0 GRAD O SClI- - Subr., - Subr, — 5 - o O B RAD O ENG O
STO 1 2.2082 1nput? Print 3 O M n           
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Program Description, Equations, Variables

the surface coefficient (n) and any three of the following:

L, Depth & (P/a).
Pipe diameter, the program

1" " " 1 1" 1221 1"

is found by Newton's method o

2. Slope (3); 3., Pipe diameter (D); Also

Velocity (V).

to

Depth percentaze (2/d)

When solving for

rounds up a standard size of

pipe,

8275

f
)

Program Title PTPE SLIDE-RULE

Contributor's Name C. B. Coleman, dJr, CCT, Inc.

Address L19 Shields Drive

City Anaheim ’ state Calif. Zip Code 92804

> )
=

The program computes the unknown, when give;\

1. Flow (Q);

computes

automatically

24",

f iteration,

etCogm==

In the case of depth percentages between approx, and 100%, two

roots or values are appropriate and are both displayed in merged form.

 
S1007 as 100,82; 945 and 945 (approx, max, Q)and 829 1 2

is displayed equent calcula

ies displayed

for Velocity (V) is

The

ing the

s 9L ,9! tion\
D Any subs!

T e

4_'V\“"'"based on the depth percentagze value on the rig of the decimal,.L
0T

alternate \1owv*) Velocity value may be obtained affer enter

pealternate depth percentage,

 

Operating Limits and Warnings 
 

 

 

This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM

MATERIAL.  _/   
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Program Deseription 11

 

 

 

 

 

  
 

 

   

fisk;tch(’es)/ | W

¢ J
~

Sample Problem(s)

n = L013

Q@ = 850.3(CFS)
S= .1 (1 £ft/1000)

D = 144" (inches)

" Dsg = 100.82 (100% and/or 82%)
V = 8,57 (ft/sec) @ 82%
V= 7.52 (ft/sec) @ 100%

Solution(s)

A, Solve for "Q" B, Solve for "S" C, Solve for "D"

Input n,S,D,*D/d Input n,qQ,D,P/d  Input n,q,S,0/d
Press B button Press C button Press D button

= 850.30 @ *1 D/g = .1 = 14k
= 850,64 @ *,82 D/a

\. J

[ )
Alohdnadiny o ; “p . ,

D, Solve for “/d E, Solve for "y"

Input n,Q,S,D Input Q,D,*D/d
Press I button Press f E buttons

= 100,82 = 7,52 @ *1, D/g
_ - - 8,57 @ *,82 D/d D
 

 
 
  



User Instruetions 3

PIYE SLIDE-RULE

 

 

 

  

  

  

   

  

  

  

  

  

  

  

  

  

  

  

 
 

  

<D s

STEP INSTRUCTIONS DA'T%SJ,TS KEYS DAOTUAT/.S:ITS

1.|Load side 1 and side 2. N
2.|To solve for either 7, S, D or D/g, L

input "n", surface coefficient n A n
AND o

irput any three of the following

in any order:

"o Flow  (cu. ft./sec.) 0 B 0

"S' Slope (ft./100) S C S

"D" Pipe diameter (inches) D D D

nD/3"  Depth percentase D/a K D/g

3. |Press key corresponding to the unknown, *

L, |I'or new case go to step 2,

5.|To calculate "V" Velocity, (ft./sec.)

input the following:
1o N B o

D D D D
nD/gn D/d © D/d

6.|Calculate "V" f E V  
7.|For new case go to step 5,   

  

  *Note: User keys B, C, D & & function

as input keys if a number is first
  

keyed into the X-register; otherwise   

they act as output keys, Solutions   

are automatically stored.   
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o &7 Program Listing |
steB IkEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS

1

GTO 22 01
0
0 CHS

CHS > ;

ST 1 RCL
n

.

STO

T

REGISTERS

Y
S5

D 
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67 Program Listing 11 65
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

STO 0 F3? 1 0
170

RTN 22
LBL 1 01

1

LABELS SET STATUS

FLAGS TRIG

ON OFF
DEG 0O
GRAD O
RAD K 
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Program Deseription 1
 
 (

Program Title

Address

City

\_

Contributor’'s Name

FORCE AT BENDS AND FITTINGS

Hewlett-Packard

19310 Pruneridge

Cupertino State CA Zip Code 95014

 

 
 -

Program Description, Equations, Variables

When the velocity of a flowing fluid is changed in magnitude or direction, such as

at a bend or fitting, a force must act upon the fluid to cause the change. This

program considers only the systems where the pipe itself is pressure-tight, but

where accelerating forces must be resisted by external means to prevent movement

of the piping, increased stress in the pipewalls, or both. The equations are:

F =9‘_J_ - F =QW__ _

X g (Vox Vx> y g (V2y V1y)

F=F, + Fy R R =-F , where

F = accelerating force on water, 1bs.

Q = rate of flow, ft.3/sec.

W = specific weight, 1bs./ft.3

g = acceleration of gravity, ft./sec.2

Vo = velocity leaving fittings, ft./sec.

Vi = velocity entering fitting, ft./sec.

R = reaction of water on fitting, 1bs.

Subscripts: x for x direction and y for y direction
 

Operating Limits and Warnings

 

 

   This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

_/
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Sample Problem(s)

Sketch(es) y

X = 2 ft, 3/sec.

Al = 0.2t 2

—e A, = 0.016 ft,2
Support — —®

X — Y

~ )

Find the forces of the water deck gun due to the change

of velocity and direction.

 

 \
Solution(s) Load side 1 of program, switch to

2 [ENg] 62.4 0 2 .016{:]30 [cos] x][B] =419.91 (Fg=419.91 lbL.
10 2 .016[ +]30 [s18] [x][c]—>203.64 (Fy=203.64 1bs.),
[D] —466.68, 25.87 (F = 466.68 1bs., ©F o 25.87°)

[E] —466.68, -154.13 (R = 466.68 1bs., Oy = -154.13°)

 

 
 7

Reference(s)  Fluid Mechanics and Hydraulics, by Ronald V. Giles, Schaums Outline

Series, McGraw-Hill Book Company, New York, 1962.   
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s User Instruetions

STEP INSTRUCTIONS DA'll'T;llJJ;ITS KEYS DA?Tl:\T/S:ITTs

1 |Load side 1 of program [:jD

2 Switch to NORM ]

3 Input rate of flow Q, Q l_1‘J F]

and specific weight of fluid, W W A ][ ]

4 Input x component of velocities [ 7] [ B ]

velocity entering Vjx Vix [ 44‘,] ’,j

velocity leaving Voo Voo |B |l | F_

5 Input y component of velocities [7:J E:i,]

velocity entering Vig Vig [J_] r_ _]

velocity leaving V7:, Vz; L¢J[| F,

i ' L] ]
6 |To calculate F [ D;W L 7:| F

7 To calculate R @ EW_] R

8 For a new case, go to step 3. [4—| . jj
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97 Program Listing | 69
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

@61 LBLA 21 11 : — = —
@82 STOB 35 12 ‘l ggg ng 15-3 Print, space
bp3 Aev -4 859  RTN 24
884 STUQ JS 11 Input Q, W vou

885 -35

866 ‘f ‘f" Calculate QW
ae’ z bz

868 ] -6z &
@89 i 8i
618 7 a7
811 3 83
812 g a5
a13 z -24
@14 STOC 35 13 070
@15  RIN 24
@16 ¥LBLE 21 1z ——l
@17  S702 35 8z
818 X2 -41 Input Vy., Vo
a1s  STO1 35 a1
é2e - -45 Calculate Fx

821  RCLC 36 13
822 X -35
@23  ST03 35 @3
@24 CTOS 22 Bs 080
@25 ¥LBLC 2113 |—
@26 STO0S 35 @5
ezv XY -41 Input V,_, V

828 ST04 35 84 ly> "2y
829 - -45 Calculate F

@38 RCLC 36 13 y
831 X -35
a3z SsT06 5 85
@33  GT09 2205 |—
@34 «LBLD 21 14 |+ 090
835 RCLS 36 @6
836 RCL3 36 83
a37 3P 34
@3g  STO7 35 &7
@39  PRTX -14 ¥
@48 XY 41
@41 GSBS 23 @9

g:; ';’”:, ;i | FLAGS SET STATUS

844 #LBLE 2115 | 100 0 FLAGS TRIG DISP
@45 RCLE 36 66 i ON OFF
946 CHS -2z oom DEG @ FIX 1B

- Z 2c mz 2 1 O @| GRADO sci O
847 RCL3 36 83 > 0O@| rRaD O ENG O
948 CHS '2{: 3 3 D . n 2

849 3P 34 _
@se  ST08 35 @6 R - _ LAagLs _ —

851 PRTX -14 oUW V.VoF|V1e,VoFl" F R
852 XY -41 2 5 s - [d e
@53 GSBY 23 89
85¢  X2¥ 41 || 0 ‘ 2 °
@55  RTN 24 5 6 7 8 9 print
856 xLBL9 z1 g L RS

7 8 9
0 " [PV [POE, Yvy V), ® F |F| |R|

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D I

Q W QW/g      
 



NOTES



Hewlett-Packard Software

In terms of power and flexibility, the problem-solving potential of the Hewlett-Packard line of fully
programmable calculators is nearly limitless. And in order to see the practical side of this potential,
we have several different types of software to help save you time and programming effort. Every one of
our software solutions has been carefully selected to effectively increase your problem-solving poten-
tial. Chances are, we already have the solutions you’re looking for.

Application Pacs
To increase the versatility of your fully programmable Hewlett-Packard calculator, HP has an ex-

tensive library of “Application Pacs”. These programs transform your HP-67 and HP-97 into specialized
calculators in seconds. Each program in a pac is fully documented with commented program listing,
allowing the adoption of programming techniques useful to each application area. The pacs contain 20
or more programs in the form of prerecorded cards, a detailed manual, and a program card holder.
Every Application Pac has been designed to extend the capabilities of our fully programmable models
to increase your problem-solving potential.

You can choose from:

Statistics Mechanical Engineering
Mathematics Surveying

Electrical Engineering Civil Engineering
Business Decisions Navigation

Clinical Lab and Nuclear Medicine Games

Users’ Library

The main objective of our Users’ Library is dedicated to making selected program solutions contri-
buted by our HP-67 and HP-97 users available to you. By subscribing to our Users’ Library, you'll have
at your fingertips, literally hundreds of different programs. No longer will you have to: research the
application; program the solution; debug the program; or complete the documentation. Simply key
your program to obtain your solution. In addition, programs from the library may be used as a source
of programming techniques in your application area.

A one-year subscription to the Library costs $9.00. You receive: a catalog of contributed programs;
catalog updates; and coupons for three programs of your choice (a $9.00 value).

Users’ Library Solutions Books
Hewlett-Packard recently added a unique problem-solving contribution to its existing software

line. The new series of software solutions are a collection of programs provided by our programmable
calculator users. Hewlett-Packard has currently accepted over 6,000 programs for our Users’ Libraries.
The best of these programs have been compiled into 40 Library Solutions Books covering 39 application
areas (including two game books).

Each of the Books, containing up to 15 programs without cards, is priced at $10.00, a savings of up
to $35.00 over single copy cost.

The Users’ Library Solutions Books will compliment our other applications of software and provide
you with a valuable new tool for program solutions.

Options/Technical Stock Analysis Medical Practitioner

Portfolio Management/Bonds & Notes Anesthesia

Real Estate Investment Cardiac

Taxes Pulmonary

Home Construction Estimating Chemistry
Marketing/Sales Optics

Home Management Physics

Small Business Earth Sciences

Antennas Energy Conservation

Butterworth and Chebyshev Filters Space Science

Thermal and Transport Sciences Biology

EE (Lab) Games

Industrial Engineering Games of Chance

Aeronautical Engineering Aircraft Operation

Control Systems Avigation

Beams and Columns Calendars

High-Level Math Photo Dark Room

Test Statistics COGO-Surveying

Geometry Astrology

Reliability/ QA Forestry



THERMAL AND TRANSPORT SCIENCES

These programs include many of the basic calculations needed when
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