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INTRODUCTION 

In an effert to' previde centinued value to' it's customers, Hewlett-Packard is intreducing a unique service fer 
the HP fully pregrammable calculater user. This service is designed to' save yeu time and pregramming effert. 
As users are aware, Pregrammable Calculaters are capable ef delivering tremendeus preblem selving petential in 
terms ef pewer and flexibility, but the real genie in the bettie is pregram selutiens. HP's intreductien ef the first 
handheld pregrammable calculater in 1974 immediately led to' a request fer pregram solutions - hence the begin­
ning ef the HP-65 Users' Library. In erder to' save HP calculater custemers time, users wrete their ewn pregrams 
and sent them to' the Library fer the benefit Df Dther prDgram users. In a shDrt periDd Df time Dver 5,000 prDgrams 
were accepted and made available. This Dverwhelming respDnse indicated the value Df the prDgram library and a 
Users' Library was then established fDr the HP-67/97 users. 

TO' extend the value Df the Users' Library, Hewlett-Packard is intrDducing a unique service-a service designed 
to' save YDU time and mDney. The Users' Library has cDllected the best pregrams in the mDst pDpular categDries frDm 
the HP-67/97 and HP-65 Libraries. These prDgrams have been packaged intO' a series Df IDW-CDSt bDDks, resulting 
in substantial savings fer Dur valued HP-67/97 users. 

We feel this new sDftware service will extend the capabilities ef Dur prDgrammable calculatDrs and prDvide a 
great benefit to' eur HP-67/97 users. 

A WORD ABOUT PROGRAM USAGE 

Each prDgram cDntained herein is reprDduced Dn the standard fDrms used by the Users' Library. Magnetic 
cards are nDt included. The PrDgram DescriptiDn I page gives a basic descriptiDn Df the prDgram. The Program 
Descriptien II page prDvides a sample prDblem and the keystrDkes used to' sDlve it. The User InstructiDns page 
cDntains a descriptiDn ef the keystrekes used to' selve preblems in general and the eptiens which are available to' 
the user. The Pregram Listing I and Pregram Listing II pages list the prDgram steps necessary to' eperate the calcu­
later. The cDmments, listed next to' the steps, describe the reasen fer a step er greup ef steps. Other pertinent 
infermatien abeut data register centents, uses ef labels and flags and the initial calculater status mede is alsO' feund 
en these pages. FeliDwing the directiens in yeur HP-67 er HP-97 Owners' Handbook and Programming Guide, 
"Leading a Program" (page 134, HP-67; page 119, HP-97), key in the prDgram frDm the Pregram Listing I and 
Pregram Listing II pages. A number at the tDP Df the Program Listing indicates en which calculatDr the pregram 
was written (HP-67 Dr HP-97). If the calculater indicated differs frem the calculater yeu will be using, censult 
Appendix E Df YDur Owner's Handbook fer the cDrrespDnding keycDdes and keystrDkes cDnverting HP-67 to' HP-97 
keycedes and vice versa. NO' pregram cenversiDn is necessary. The HP-67 and HP-97 are tetally cempatible, but 
SDme differences dO' Dccur in the keycedes used to' represent seme ef the functiDns. 

A prDgram leaded intO' the HP-67 Dr HP-97 is net permanent-ence the calculater is turned eff, the pregram 
will nDt be retained. YDU can, hewever, permanently save any pregram by recDrding it en a blank magnetic card, 
several Df which were previded in the Standard Pac that was shipped with YDur calculatDr. Censult yeur Owner's 
Handbook fer full instructiens. A few pDints to' remember: 

The Set Status sectien indicates the status Df flags, angular mDde, and display setting. After keying in yeur 
pregram, review the status sectien and set the cDnditiDns as indicated befere using er permanently re­
cerding the pregram. 

REMEMBER! TO' save the pregram permanently, clip the cerners Df the magnetic card Dnce yeu have 
recDrded the pregram. This simple step will pretect the magnetic card and keep the pregram frem being 
inadvertently erased. 

As a part Df HP's cDntinuing effert to' prDvide value to' Dur custDmers, we hDpe yeu will enjey eur newest cencept. 
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Program Deserip'ion I 
Program Title PSYCHROMETRIC PROPERTIES 

Contributor's Name 
Donald H. Madsen 

Address 1315 Whiting Avenue Court 

City Iowa City State Iowa Zip Code 52240 

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 is 

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 of oroC Relative humidity % 

Pressures psi or kPa Specific humidity Ibm/Ibm dry air or 

kg/kg dry air Enthalpy Btu/Ibm dry air or kJ/kg dry air 
Specific volume ft 3 /lbm dry air or dm3 /kg dry air 

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

(temperatures less than 32°F or OOC, vapor in equilibrium with ice). 

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

Relative humidity 0 to 100% 

Specific humidity less than 0.2 Ibm/Ibm dry air or 0.2 kg/kg dry air. 

Helpful program diagnosis follows on page 10 

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 Deseripfion I 
Program Title PSYCHROMETRIC PROPERTIES 

Contributor's Name 

Address 

City State Zip Code 

Program Description, Equations, Variables 

w 
cp,a(twb - tdb) + Wsat,wb(hg,wb - hf,wb) 

hv,db - hf,wb 

a + bt a = 1061.0 Btu/Ibm = 2501.0 kJ/kg 

hf = (t - c)d 

c = 32 of = OOC 

d = 1 Btu/lbmoF = 4.1868 kJ/kgOC 

hf = hi = [(t - c)0.467 + eJd 

e =-143.956°F =-79.97556°C ** 

h = cp,atdb + whv,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. 

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 l MATERIAL. 



Program Dest-ripfion I 
Program Title PSYCHROMET~IC P~OPERTIES 

Contributor's Name 

Address 

City 

Program Description, Equations, Variables 

w = Rair 

Rvapor 

Pvapor 

Ptotal - Pvapor 

State 

Rair 
Rvapor 

(also used to calculate Pvapor) 

Psat = f e 
g/(t+h) t 2: 32 of or 

f = 2.04466 010 6 

t temperature, g = -7071.3 of = 

Zip Code 

0.622 

o °c 

psi = 1.409740107 

-3928.5°C * 
of or °c h = 385 of = 231. 667°C ** 

e = 2.718282 t < 32 of or o °c 

f' = 5.24506 0108 psi = 3.616330109 
, 

-11,071°F -6150.6°C * g = 
h' = 460 of = 273.33°C ** 

Rair T 
v 

Ptotal - Pvapor 

~ = Pvapor/Psat,db 

Operating Limits and Warnings 

* temperatures do not convert. (+1.8) 

kPa 

kPa 

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

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

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

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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Sketch(es) 

Sample Problem(s) 

English Units 

p = 14.696 psia dry bulb 70°F wet bulb 60°F total 
( 1 ) 

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

(3) t = 212°F, find Psat 

Solutions ( 1 ) (2 ) 
14.696 A 70 t 60 B 25.0 A 70 t 50 

tdb' of 70.0 *** 70.0 *** 
twb' of 60.0 *** 60.8 *** 
tdp' of 53.7 *** 50.6 *** 

Ptotal' psi 14.7 *** 25.0 *** 
Pvapor' psi 0.2040 *** 0.1820 *** 

w, Ibm/Ibm dry air 0.0088 *** 0.0046 *** 
cp, % 56.0 *** 50.0 *** 
h, Btu/Ibm dry air 26.4 *** 21.8 *** 
v, ft 3 /lbm dry air 13.5 *** 7.9 *** 

(3) 212 E Output 14.7 

Reference (s) 

C 

, 
! 

I 

J 
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Sketch(es) 

Sample Problem(s) 

S1 Units 

(4 ) Ptotal = 101.325 kPa dry bulb 25°C wet bulb 20 °c 

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

(6 ) t = 100°C, find Psat 

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

tdb, °c 25.0 *** 50.0 *** 
twb' °c 20.0 *** 35.7 *** 
t dp ' °c 17.6 *** 28.9 *** 

Ptotal' kPa 101.3 *** 200.0 *** 
Pvapor' kPa 2.0166 *** 4.0000 *** 

OJ, kg/kg dry air 0.0126 *** 0.0127 *** 
cp, % 63.5 *** 32.4 *** 
h, kJ/kg dry air 57.3 *** 83.2 *** 
v, dm3 /kg dry air 860.7 *** 472.7 *** 

-

(6 ) 100 E Output 101.2 

- -

Reference (s) 
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~1 PSYCHROMETRIC PROPERTIES 

~ Ptotal tdb t Pv t .... Psat 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 Program card Ll[ __ - - I 
2 Load side 1 and side 2 English or I_-_~~ L_I 

SI Data card [_~I I 
3 If only Psat is needed skip to step 8 C~I j 
4 Input Ptotal (if changed from Ptotal [A I [ [ Ptotal 

previous value) [ II I 
5 Input dry bulb temperature tdb lENni I I tdb 

6 Input: [ I [ I 
wet bulb temperature t wb [B II I 

or relative humidity cp Ic II I 
or vapor pressure Pvapor [0 I [ I 

I [ I I tdb 

[ __ II I twb 

I II I tdp * 
I [ [ I 
I I [ I Ptotal 

I I [ I Pvapor 

I I r I 
I II I w 
[ I [ I cp 
[ II I h 

I I [ I v 
7 For a new case go to step 3 I II I 
8 Input temperature t I E I I I Psat 

[ j I I 
I I [ I 
I 11 I 

* omitted if Pvapor = 0 [ II I 
I II I 
I II I 

In case of difficulty see Program [ [ I [ 

Diagnosis sheet, page 10 [ II I 
I II I 
I I [ I 
[ II I 

-~ 

I [ I I 
I II I 
I I [ I 

I I I I I II I I 
I 

.I 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
001 *LBL A 21 11 Store - ST-O 35-45 88 pressure 

STO A :35 il 2 B2 
RTN 24 ST .. !-l 35-24 81 

*LBL B 21 12 Enter dry bulb 060 RCL 0 36 86 
GSB 2 23 8;;: and wet bulb GSB E 23 15 
STO 0 35 6ti temperatures GSB 3 23 83 
GSB E 23 15 X<O ? 16-45 
GSB 3 23 63 GTO 1 22 81 
X<o ? 16-45 GSB 4 23 84 

010 RIS 51 RCL C 36 13 
GSB 4 23 64 - -45 
X<o ? 16-45 RND 16 24 
R/S Co: 

.Jl x=o ? 16-43 
STO C 35 13 070 GTO 8 22 B8 
. -62 X<O ? 16-45 
2 6.2 SF 2 16 21 B2 

XSY ? 16-35 GTO 1 22 81 
R/S c· *LBL E 21 15 Calculate .Jl 

R~ -31 RCL 5 36 85 saturation 
020 RCL A 36 11 X>Y? I 16-34 pressure. 

x -35 Pt!S 16-51 Temperature in 
RCL C 36 1,3 X>Y? 16-34 X register 
RCL 3 36 83 SF 2 16 21 B2 

+ -55 080 R~ -31 
.-, .Ii RCL 9 36 85 -.:'t 

GSB 5 23 85 + -55 
GTO 8 22 88 l/X ~p w"" 

*LBL C 21 13 Enter dry bulb RCL 8 36 BS 
GSB 2 23 02 temperature and x -35 

030 STO D 35 14 .relative humidib eX 33 
RCL B 36 r .: RCL 7 36 /1(' 

GSB E 23 15 x -35 
X~Y -41 F2 ? 16 23 82 

% 55 090 Pt!S 16-51 
STO E 35 15 R1N 24 
GTO 0 i2 8f1 *LBL 2 21 B2 Initialize 

*LBL D 21 14 Enter dry bulb SPC 16-11 
GSB 2 23 B2 temperature and CF 2 16 22 B2 
GSB 5 23 85 vapor pressure DSP 1 -63 81 

040 RCL E 36 15 RCL 6 36 B6 
*LBL 0 21 86 X<O ? 16-45 

GSB 3 23 83 Pt!S 16-51 
X<o ? 16-45 R~ -31 
R/S 51 100 Xt!Y -41 
STO C -'r ,,-. 

':'..1 .. ,:, STO B 35 12 
-62 STO 0 35 Bf; 

2 f1.2 PRT X -14 
xsy ? 16-35 Xt!Y -41 
R/S 51 RTN 24 

050 DSP 5 -63 85 *LBL 3 21 83 Calculate 
RCL I 36 46 RCL 3 36 83 specific 
STO 1 35 81 Xt!Y -41 humidity. 

*LBL 1 21 81 x -35 Vapor pressure 
RCL 1 36 81 110 RCL A 36 11 in X, total 
F2 ? 16 23 82 LST X 16-63 pressure in A 
CHS -22 - -45 

REGISTERS 
0 1 2 3 4 5 6 7 8 9 

h twb Atw" Cp,40 R"/Rv R .. tl,. t~s- t c .... f !J 
50 51 52 53 54 55 56 57 

f' 
58 I 59 hi d tip b 4. 0.4'7 ..e. , 

A IB Ie D 

Plot t till> W ~ IE pv l~n.1t I~O 5I 60 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY COOF COMMENTS 

I -24 RCL 0 
36 88 · -14 RTN 24 170 PRT X 

*LBL 4 I 21 84 Calculate RCL E 36 15 

RCL 0 36 8e specific x=o ? 16-43 If vapor 
22 89 RCL 0 36 8B humidity. GTO 9 
36 85 

pressure is 
GSB 6 23 86 Wet bulb in RCL 5 

23 15 zero, dew point 
x -35 register 0, GSB E 

16-34 does not exist. 
120 RCL 0 36 8e dry bulb in X>Y? 

RCL B 36 12 register B P~S 
16-51 
36 15 - -45 RCL E 
36 87 RCL 2 36.112 RCL 7 

x -35 180 -24 

+ -55 LN 32 

RCL 0 36 8B l/X 52 

RCL B 36 12 RCL 8 36 86 

GSB 6 23 86 
-35 x 36 89 -24 RCL 9 

130 RTN 24 
-45 - -14 *LBL 5 21 85 Calculate PRT X 

STO E 35 15 relative ReL 6 
36 86 
16-45 RCL B 36 12 humidity. X<O ? 16-51 GSB E 23 15 190 P~S 

· Vapor pressure 
*LBL 9 21 89 · -24 in X, dry bulb 16-11 1 81 in register B SPC 

36 11 
X~Y -41 RCL A 
X>Y? 16-34 PRT X 

, -14 

R/S 51 DSP 4 -63 84 
140 EEX -23 RCL E 

36 15 

2 82 PRT X 
-14 

16-11 x -35 SPC 36 13 STO D 35 14 RCL C 
RTN 24 200 PRT X -14 

*LBL 6 21 86 Calculate DSP 1 
-63 81 

P~S 16-51 difference in RCL D 36 14 

RCL 3 36 83 enthalpy, ice PRT X -14 
36 12 x -35 or water to RCL B 36 82 RCL 4 36 84 vapor. RCL 2 -35 150 + -55 Ice or water x 
36 85 X~Y -41 temperature in RCL 5 

RCL 2 36 82 RCL B 36 12 
Y, vapor 

GSB 6 23 86 - -45 temperature 
X<O ? 16-45 210 RCL C 36 13 

in X. -35 GSB 7 23 87 x 
RCL 1 36 81 + -55 

x -35 PRT X -14 

- -45 RCL B 36 12 
P~S 16-51 RCL 6 36 86 

160 RTN 24 + -55 
*LBL 7 21 8"' RCL 4 36 84 .. -35 RCL 5 36 85 x 

x -35 RCL A 36 11 
RCL 6 36 86 220 RCL E 36 15 

+ -55 - -45 
RTN 24 -24 

*LBL 8 21 86 Print results PRT X -14 
DSP 1 RTN .",\"" 

-63 81 
'::'t 

LABELS FLAGS SET STATUS 
A B tdb t ttlb C 0 E t -+ Paat 0 

Ptot tdb t ~ tdb t Pv FLAGS TRIG DISP 
a b c d e 1 ON OFF 

0 0 ~ DEG iii FIX IKI 
0 Used 1 Used 2 Ini tial 3 Pv -+ W 

4 
-+ 

2 Used 1 0 IKI GRAD 0 SCI 0 W 
5 6 7 8 Print 9 Used 3 2 0 [g RAD 0 ENG 0 .... ~ -+ 6h Used n __ '_ 3 0 IKI 

,t,.1e 



DATA CARD 

P5'(CHRO METRIC PRoPF;<TJt:..s 
:PAr~ C,qRj) €N9LJSJ./ (o1J. sr) UN'ITS 

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 

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 

9 
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PROGRAM DIAGNOSIS 

IF EXECUTION STOPS using GSB B 

Display Step Reason 

Negative 11 Wet bulb too high 

Negative 14 Wet bulb too low 

0.2 19 Specific humidity i!E 0.2 

ERROR 113 Wet bulb saturation pressure equals total prssure 

Positive 140 Wet bulb > Dry bulb 

IF EXECUTION STOPS using GSB C or GSB D 

Display Step Reason 

Negative 45 Vapor pressure > total pressure 

0.2 50 Specific humidity ~ 0.2 

ERROR 113 Vapor pressure equals total pressure 

Positive 140 Vapor pressure > dry bulb saturation pressure 

EXECUTION MAY CONTINUE INDEFINITELY UNDER CERTAIN CONDITIONS 

Example: Relative humidity entered greater than 100%. 



Program Deserip'ion I 
Program Title CALC"'l.4noN'.5 .IN' All? 

Contributor's Name ::ro. "" e.s v: C/o re. 

Address '/'loO Ric.harJ30J1 Rd. 
City Howell Zip Code '1e'~'l3 

Program Description, Equations, Variables 6.,v~.... dr, hvlb te""'l'~rQTvr4L~ ("veT h",lb 
te""/H!rIltTvr~ o.""J baJ"'C',,".e7r lf- i're.r./vr4. r~e p".."ro.- wJ/1 c4/cvI4Te_:_ 

Vapor P"t!$Jvre, AhstllvTe #"'''''''';''';7)-, KetQ T:ve. 1"1"'-;)"7 q~ PefN 

11 

f/Qinr -for et/r7 bv/J, re,.,perQ.Tv~..f be.lw.f.f!I-t 3:1. OF q ... tJ lo.r° r: 
Ca/cv/Q /;olfr ca.... be Y#'74JQ j,..., e, rt,e,. t= HjluJ, 0,. Henle.. C/lf17JL 

t:;.rr;a;"J ,,1 cV", 7i r 
Per p()v.,.j f)~7 Ai r 

UN'''-.s 

c. 0 

G:rQ..,s .• 1- 4/., 7;,.. 

Ar )(ilo "ra,." . ()~'1. I9lr . 

Plf0f""- ~t:)"'I7;, ... 7; ,,~s7Dr~J. 6e.Tw~~.., 1Tep 173 Q .. J S'Tep2.2.2. AFIP,. 

ImT;(;tlila7;o.., '1),t Qreq beTwQ~'" ,i'rep 17.3 tII .. .1 slip 2 2~ ;1 Q~Q~I.6/~£"r 

U$ers' pf'o,ra"",. Re"s~rl <i" SO .. 5" A I e litre (itva,f,J/e r" TI,.f V.le"" 

Operating Limits and Warnings ()Vf;?r ,he ("4""J e '320 F io lOS" -r- o{,.., bV/ J, 

1"~~-er.~r~ " De\A Po • ..,T /.s ~qlc.rJ/D1. Tid To IN, rJ.,., I "t',...~ FJ 

)/v"...",117,/ tN,7"',.., Ot'te 9rtu" 0:1 c.v-,7;r I'~~ I'0u~ oI",? tt,I': 

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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Sketch(es) 

Sample Problem(s) 

Probl'k-t I 
e-~,JuJ, c.J .... ,r; 

$f:tn:> ,.,~Trl t f,.. J.fvr.f .2,," 2. 

"~T bl' ~ /'1 0 
""".... II. 1(1_". 0 

Pr_'1bva Te-I'-

Solution(s) SO/VIiD"" I 
I(~'I tTroK ~ s I) IS pIc. Y 

[fJ [a] O. 

2Cf.Cf"2 [fJ [c] 2 cr. q 2. 

6lf [eNTGK t] 77 f'Jl tJ. 'f~tl 

[el 6K 
[OJ Lf't 

[E] '>7 

~9'9'" 'res. 
A bs. /I V-1~1.r., 
~ Kef, tI~;JJ, 
Oe"" ro,,,,T F· 

Reference(s) PSYCHRoMeTRIC Cb'''IRT 

Probl~ II-t 2. 
/'1 er;., c. t.J ,... ,. T J 

jJQf'f)H1 ~T;;c.. Ir,ffVre. 

WoeT 6vlk )~~. 

0" btll k Ie-I" 

Sa/OJ Ti .... 2 

"~7 s lio /((1 S P;slltt., 
[fl [0.] o. 

en [b] I. 

71:.o [fl [c] 2Y.1I2 

18 [ eAITEtrt1u [A1 II.' 3 Vapor r ... es. 

[c1 10 II ,,'- fl. ..... ,), Ty 

[OJ 5"0 % fif/. !J",""J:r; 
[El 1'1 ()~wPo,,,T CO 



'SYCH~OMC7tI( CALCvt..4TtON~ FoR. w~TeR 111/ AIR 

~1 IMnALll:E !"1r&-/I1e.r 8Al0~e17!fI l~ 
~ 
~ CALC VAl' f?~e5 Aiif'. J/uM. REL f!VI1 pew p~r 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

I /. 0,11 0 s"/f)~ / ",.vI) $IPC 2 Clr __ 1 
'2 INI rllIL I ~ E c. c> N $,,,,, NTJ [_f --=-1 [j,.1 o. 

IJIJROHerRIC PKe.J}cJ~E :l.s INIT/IIlIiFP I~I I 
To ]0 I#fC~'.s l1~rt"'r-,. UIJITS TNrtALI:t£I> CJI I 

70 EN'(;.LUH I II I 
:J SeUxr IJt.Tel?NIJTc f.}Allr.J If II b I 

elV'-USH - D) SPlIl Y =P' O. I II I 
M~/lIC. - /)ISPlAy ~ 1. I II I 

'I IIVPUT fJAlloH6TRI( PI?€.JS()f?£ PB If II c I PRE 
f)lfPUIJy OVTf'V/ ~HOWJ I]A/oMerlllC Ptre~u n. e PB I II I 
//1/ EN'-LIJf/ VIVIn. I II I 

S- IN"Pvr VIET 8t.JL.8 TEMpeRATURE W8 wB 1£~1' I 
6 INPUf PRY BuLB TEl-fpeRATuf(e DB .PB I -- - I I 
7 CALC V/,. lire VALU£ S I A I I pv 

VI1Poil Pf(cJJv/( G Pv' T5 ()IJPlAyeO I I I 
8 fleScJ L T..s I I I 

'IJll Po/7.. Pi ESJ () liE Pv I 8 I I PV 
AcsoLVrIE IIvl;tl[)1 rr H I c I I H 
R£LATIlIE 1IC)~/OlrY KH 101 I IV1 
O&w Po/A/, I>P I el I OP 

CJ F()/( !'lew C.t1l.C vLAnOA/ WI rH /)IFrEReAlT I I I 
TeMPrR/}TVREJ 60 TO srEP .5. I I I 

)0 IF"o/l NeCU BARoNetllC I'REJJvtZ I: I I I 
Co Tv fTep 'I. I I I 

II To CHAN'&'E U Al/r.J EA/6.LI,S/I oR I II I 
M/3T/VC. (;.0 TO sr~p $. I II I 

/2 To .>HlJW cvllKEAlT REfi/LTJ .IN I II I 
CDIIYI"l/~l-1eNr~RI( VA/I rJ 00 $TJSp:r I II I 
THffN" $'T6P ~ FoR ~ NEW CAl. ( lILIJ Tloll I II I 
6.0 TO STeP 3. I II I 

I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
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STEP 

001 

010 

020 

030 

040 

050 

08111..0. 

-
KEY ENTRY 

'* 1.8! c: VJf 
F"07 
(;S8 'I 

V" 
sro 0 
OSP ~ 
RTN 

I-L8L A 
sro 6 
RV 

STO 7 
Fila 
G-S89 
sro II 

<;'SB 1 
Ret. ~ 
Rct. 7 -

2-., 
0 
0 
+ 

Ret.. a 
X -

5TO 8 
7 

EEX 
3 
x 
J . , 
~ 

Ret. 0 
RCL R 
--

sro c. 
RC,t.. , 
STO fJ 
,TO 7 
(;"SB I 
Rct. 8 
x~y 

+ 
EeX 

2 
>< 

STo 0 
"L81. B 

flU.L 8 
FO? 

GTO If 

1 
PflerJlJR.l! /(if 

80 81 

A 

61 
KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

3~ 1.$'"13 ()SP 'I 1.3 0'1 
7$ 62. ,,{TN 35" 2~ 

1S" 1/ 00 »/..81.. C 3/ zs I~ OIJPLIIY.4l1s0L ,ne 
1/ 2" 0'1 060 RC.L c. 3'113 IIv~II)Jry 

3~ '2 1="0'1 JS" 71 DO 
33 00 G-S8 S" 31 2.2. ()S' 
2.3 02 r'f L8L 8 31 2S" OS 
3.r 22 DSP 0 2.3 00 

3/ 2S" II RTN ']S" 22 
3:/ 0, *LeL [) )1 25" II{ OJ sPl.Ay flec.Ar,v£. 
3S .s-3 flee. D 3'1 1'1 I-IVI",OIIY 
3~ of 6-ro 8 22. or 

35 71 00 * LB t.. '1 311.r09 TcMPe~ATV,1 e 
11 1. 2. t>9 070 , 06 (ouvEI(, r~oAl 

33 08 srI 3$ 33 
]/ z.z 01 (;.SB 2- ']1 22. 02. 

3«1 06 ISZ :1/ :If 
]'1 07 (;'s8 2 31 %2. 0'2 
Sf R.TIV 3S"" 22 

02- .... 1..81.. 2. '31 2.oS" 02 
07 RCLLi'1 3'1 2,/ 
00 I 01 
00 • 83 
81 080 B ()8 

'Sl.f 00 X 71 
71 3 03 
$'1 2 02. 

33 1'- VAPoK PfleJ.JlJfl e +- 61 
07 STo 0) 33 2.'1 
'13 RTN 3S" 22. 

03 11f:1..8L I 31 z..r 01 
71 'T 0'1 

0/ STJ. 3S' 33 
113 090 f(CL S '3'/ os-

06 I- LSI.. , 31 :lS- 0' 
81 ~CL 0) 'Jet 2et 

:If 00 Rcc.. 8 3V 08 
:1'1 /'- x 71 

SI 01- 61 
8/ IU.t.. 7 sCI 07 

11 13 ASS. )H/~/DI r 'f ST~ x. 8 33 71 08 
3 V . 06 RV :IS-53 
33 ()8 osz 3/ 33 
33 f>7 100 (;.TD 6 22.. 06 
31 :n. Ot RT/tl 35" 2.2 

"lCf 12. ~ LBt.. b 12 2.S" 1% MI:IRIC/GNf...U J j./ 

YS" $"2, FO? 3S 71 00 
fl t;.TO 3 z.'- 03 
'13 SFo 3s- SI 00 

02- I 01 
71 GTO 8 22. 08 

33 1'1 flet... }/Vf"'1'O'rr ~L8L :3 31 %S 03 
LJJ ;J.$ /2. DIJPLIfI Y vA'cll.. C.FO I:JS " 00 
~'I /2 '~t3SSvfle 110 0 00 

3S 71 00 r;.ro 8 '2.2. 0[1 
J"""'EJ II, .... ",IM H!J 2. 1. D'I !~ L.B '- 'I sl ."..r o~ 

REGISTERS 
2 3 4 5 6 7 81NfER. 9 

/(3 /(2. KI K¢ DB we flc/llLrJ 
82 83 84 85 86 87 88 89 

IBynPoR P,UfJllflt: l~oJoltlrt MlNI/)/rr 
o lE 
1e.lln~H 1/141/)lr'r II(ovwreR 



67 Pro~ram 1~ls'ln~ II 15 

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

l 02 • ~~ 
S OS 170 It nfl 
• ~3 + 8/ 
'I 0'1 ~TO 8 2'2. 08 
X 71 /7:1 .. LBL A. Ill. zr II ;ENITIAL/lcc 

OSP 2 23 02 • g3 CO" srAAlT5 
/tTN 1S" %2 I 01 

120 1f,.St. S 31 :l.S"' OS" (i..flA11If J PI! It PoVIV I> I '" • 83 1l G.fl41fJ PElt s- OS 
I OJ 1(1,-" r..It.A "1 'I ~ 
'I 0'1 STO s 33 DS-
3 03 180 2 02-
X 71 • 83 

RTW JS"' 22 , 0' 
t.K LBL F 1/ z.s- IS" Dew Pr:)J NT 'I 0'1 

Ref- c. 3'1 /3 c.HS III 
7 07 EEl< '13 

130 • 83 CHS ,,2. 
7 07 J 03 

" 0'1 rro " 13 0'1 
7 07 / 01 . 81 190 63 · • 

LN 11 S"). 7 07 

• 83 3 03 
0 00 " 0'1 
3 03 EEX '1.3 , 08 eNS '12. 

140 , 06 " 0-" 
+ ~I .sro 3 i3 03 
"3 03 I 01 
• 83 • -'3 
8 01 200 ~ 02. 

E'ex' '13 0 00 
CHS '12. 9 ,.,9 

S' or CNS '12 
IU.LC 3'1 /3 Eex. '#~. 

x~ 32. '>'1 eHS yz 
150 X 71 ~ 0' .,.. 

" $TO 2. ~3 02. 
8 08 I 01 
• 83 • 11~ 
S' D~ 210 s- OS-

Eex '13 S- oS 
CNS 1/2. 6 06 

3 03 E£)( t{3 
Rete 31/ 13 CHS '12. 

X 71 g 08 
160 + 61 STO I 33 01 

':0 ., JS' 71 CO 3 ~ 
C.TO 7 l2. 07 0 00 

_~ TO 11 22. 08 sro _ 33 co 
'fIILSL 7 31 ZS- 07 220 c,:-o ~/OD 

3 03 rJ 00 
2. l)1 Z2. Z G-iO ~ 22- Oil 
- SI 
/ 01 

LABELS FLAGS SET STATUS 

A C-.I9 t.. c. B Pv c 
SH 

0 
RH 

E DP ~erRll: I FLAGS TRIG OISP 
a b~K,/Her 1111 tOHEn£X d 

e 1 ON 0lf [3" [!(' .T~JTl411!e o 0 DEG FIX 
0 1 .,/ 2 ./ 3 ./ 4 

" 
2 1 o [!( GRAD 0 SCI 0 

5 6 7 8 9 3 2 o 17 RAD 0 ENG 0 
or ..r V- a/" V 3 o [!( 

n __ 
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Program Deseription I 
Program Title EQUATIONS OF STATE 

Contributor's Name 

Address 

City 

Program Descriptio 

Operating Limits ar 

State 

HEWLETT-PACKARD 
1000 N. E. Circle Blvd. 
Corva11is, Oregon 97330 

This card provides both ideal gas and Redlich-Kwong equations of state. Given 
four of the five state variables, the fifth is calculated. For the Redlich-Kwong 
solution, the critical pressure and temperature of the gas must be known. 
They are not needed for ideal gas solutions. 

Values of the Universal Gas Constants 

ValueofR 

8.314 
83.14 
82.05 
0.7302 
10.73 
1545 

Units of R 

N - mig mole - K 
cm3 - bar/g mole - K 
cm3 - atm/g mole - K 
atm - fP/lb mole - oR 
psi - fP/lb mole - oR 
psf - fP/lb mole - oR 

Units of P Units of V Units of T 

N/m2 
bar 
atm 
atm 
psi 
psf 

m3/g mole 
cm3/g mole 
cm3/g mole 
fP/lb mole 
fP/lb mole 
fP/lb mole 

K 
K 
K 
oR 
oR 
oR 

Critical Temperatures and Pressures 

Substance 

Ammonia 
Argon 
Carbon dioxide 
Carbon monoxide 
Chlorine 
Helium 
Hydrogen 
Nitrogen 
Oxygen 
Water 

Dichlorodifluoromethane 
Dichlorofluoromethane 
Ethane 
Ethanol 
Methanol 
n-Butane 
n-Hexane 
n-Pentane 
n-Octane 
Trichlorofluoromethane 

'--

405.6 
151 
304.2 
133 
417 

5.3 
33.3 

126.2 
154.8 
647.3 

384.7 
451.7 
305.5 
516.3 
513.2 
425.2 
507.9 
469.5 
568.6 
471.2 

Pc, ATM 

730.1 112.5 
272 48.0 
547.6 72.9 
239 34.5 
751 76.1 

9.5 2.26 
59.9 12.8 

227.2 33.5 
278.6 50.1 

1165.1 218.2 

692.5 39.6 
813.1 51.0 
549.9 48.2 
929.3 63 
923.8 78.5 
765.4 37.5 
914.2 29.9 
845.1 33.3 

1023.5 24.6 

I 848.1 43.2 
~-------~---------~----~ 

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. 

• 



Program Title 

Contributor's Nam. 

Address 

City 

Program Descripti 

Operating Limits, 

Program Deseripfion I 

Equations: 

Ideal gas: 
PV = nRT 

Redlich-Kwong: 

a P = nRT 
(V - b) TI/2 V (V + b) 

where: 

a = 4.934 b nRTcl.5 

b = 0.0867 nRTc 
Pc 

P is the absolute pressure; 

V is the volume; 

n is the number of moles present; 

R is the universal gas constant; 

T is the absolute temperature; 

Tc is the critical temperature; 

Pc is the critical pressure. 

Remarks: 

P, V, nand T must have units compatible with R. 

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

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

Solutions for V, n, Rand 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 Ro, Rl and Rso-Rs9 are available for user storage. 

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. 

17 
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Sketch(es) 

Sample Problem 

Solution(s) 

Reference (s) 

Example 1: 

0.63 g moles of air are enclosed in a 25,000 cm3 space at 1200 K. What is 
the pressure in bars? Assume an ideal gas. 

Keystrokes: Outputs: 

Select ideal gas by pressing a a until 0.00 is displayed. 

aaaa 
25000 II .6311 83.14 m 
120011 a 
Example 2: 

0.00 

2.51 (bars) 

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: 

a a--------+ 
51311 29 It II 0.7302 
m 1 a III-------~ 
What is the density? 

It ---------

Outputs: 
0.00 

12.92 

0.08 

What is the density at 1.32 atmospheres and 555°R? 

1.32 a 55511 II It ---~ 
Example 3: 

0.09 

The specific volume of a gas in a container is 800 cm3/g mole. The temperature 
will reach 400 K. What will the pressure be according to the Redlich-Kwong 
relation? 

Pc = 48.2 atm 

Tc = 305.5 K 

R = 82.05 cm3 - atrn/g mole-K 
Keystrokes: 

aa--------
305.5 a II 48.2 a II 82.05 

m I II 400 II 800 II a --
Example 4: 

Outputs: 
1.00 

36.27 (atm) 

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. 

Tc = 304.2 K 

Pc = 72.9 atm 

R = 82.05 cm3 - atrn/g mole - K 
Keystrokes: 
a a--------+ 
72.9 a II 304.2 a II 82.05 
m 6 1150 a 500 II II ----. 

Outputs: 
1.00 

4695.86 

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

5000 II II--------.~ 6.39 (g moles) 



~1 Rd-IW/? 

~ /I'... P 
~ "'V 

STEP 

STEP 

1 

2 

3 

4 

5 

6 

7 

T c 

EQUATIONS OF STATE 
Pc 

<J>V <l>n ~R 

INSTRUCTIONS 
INPUT 

DATA/UNITS 

Load side 1 and side 2. 

Select Redlich-Kwong (1.00) or 

ideal gas (0.00) using mode 

toggle. 

If you selected ideal gas in 

step 2, skip to step 5. 

Input critical temperature T, 

and critical pressure. P, 

Input four of the following: 

Absolute pressure P 

Volume V 

Number of moles n 

Universal gas constant R 

Absolute temperature T 

Calculate remaining value: 

Absolute pressure 

Volume 

Number of moles 

Universal gas constant 

Absolute temperature 

For a new case, go to steps 2, 

4, or 5 and change values or 

mode. 

19 

<J>T 

OUTPUT 
DATA/UNITS 

KEYS OUTPUT 

:=J DATA/UNITS 

~ 
I 
I 

DB 1.00/0.00 I 
J 

I 
Dill T, j 
Dm P, -] 

--I 
B P -] 

III V l 
m n ] 
m R l 

.. 

J II T 

_. J 
B P ~-l 

III V 
--j 

m n _J 
m R - l 
II T -~ 

--] 

~~ 
"] 

L_J L~J 
[_=:1 C.-:J 
[~- ._J c=J 
L~ -] [ ~ 

---- -

l- ]C~ 
---- ----

l-~_~=l C~ 
r- l [ ____ 1 
[ l L~] 
[- I r :~~ 
[- J L_.~ 
r JL~ 
r ll_~] 
l .J~J 
L J L.J 
[--JLJ 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 .LBL" 21 16 ,. of 857 .LBLS 21 B8 Ideal gas solutl0n t ~ Red 1 i ctr Kwong ideal 882 FfI'? 16 2:3 lie 858 'SFl 16 21 01 for n, R and T. 
883 H08 22 813 gas toggle. 859 .LBL9 21 89 
8e4 tl €iii 868 RCL5 36 05 
885 SFe 16 21 ae 861 RCL6 36 06 

, 886 RTN 24 862 ;( -35 
8e? .LBLe 21 813 863 RCLf 36 fli' 

888 • e~ 864 -24 J. '" · 
009 CF8 16 22 eo 865 RCL8 36 06 
818 RTN 24 866 · -24 
81i *L5L~ 21 16 12 Store Tc• 867 RCL9 36 09 
812 CF3 16 22 83 868 · -24 
813 STUC 35 13 869 STOi 35 45 
814 RTN 24 878 .LBL8 21 88 Stop if ideal gas 
815 *LBLc 21 16 13 Store P 871 F8? 16 23 88 is desired. 
816 CF3 16 22 83 c· 872 RTN 24 
817 STOD 35 14 873 GSBl 23 81 Calculate P by 
818 RTN 24 874 GTDe 22 eo Redlich-Kwong 
019 .LBLR 21 11 P code. 875 *LBL2 21 82 
828 5 35 876 F1? 16 23 81 
821 br08 22 eo 8n GSBi 23 01 
822 *LBLB 21 .,., V code. 878 .LBL8 21 813 l':' 

823 6 86 879 RCLE 36 15 
824 GTOfJ 22 80 88e RCL9 36 89 
825 .LBLC .-:. 13 n code. 881 x -35 ':'l 

826 7 B7 882 RCL6 36 86 
827 Gr08 22. tiD 8S3 RCLB 36 12 
828 .LBLD 21 14 R code. 884 - -45 
829 8 88 885 5T04 35 84 
838 Grae 22 tiff 886 -24 
031 .LBLE 21 15 T code. 88? RCUI 36 11 
032 9 ti9 888 RCL9 36 89 
833 .LBL8 21 813 889 IX 54 
834 CFl 16 22 81 Store input. 898 · -24 
835 STOl 35 46 891 5T02 35 82 
836 R. -31 892 RCL6 36 86 
837 STOi 35 45 893 -24 
838 F3? 16 23 t/3 894 LSTX 16-63 
839 RTN 24 895 ReLB 36 12 
848 1 81 896 + -55 
841 STOi 35 45 Dunmy 1.00 for un- 897 ST03 35 83 
842 GTOi 22 45 known and GTO ideal 898 · -24 
843 .LBL5 21 85 gas. 899 - -45 
844 .LBL6 21 86 Ideal gas solution 188 RCL5 36 85 
845 RCLf 36 8i for P and V. 181 - -45 Calculate f(P) • 
846 RCL8 36 88 182 GSBi 23 45 
847 x -35 183 -24 Calculate f' {P}. 
848 RCL9 36 85 184 ST-i 35-45 45 
849 x -35 185 RCL i 36 45 Loop again? 
858 RCL5 36 a5 186 · -24 

~ 
I 

851 RCL6 36 86 187 ABS 16 31 
852 x -35 188 ££X -23 
853 -24 189 CHS -,.-, 

-~c. 

854 STDi 35 45 118 • 84 't 

855 brOe 22 uti 111 .Ii~~·'? 16-35 
856 .LBLi' ,-, " 

':'.1 8i 112 GT02 22 82 
- -

REGISTERS 

0 1 2 
a/Tl / 2 3 4 5 6 7 8 9 

(V+b) (V-b) P V n R T tf! 
50 51 52 53 54 55 56 57 58 59 

A IB Ie 0 IE II a b Tr Pr 
nR Control 

, 

4l 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

If3 ReLi 36 45 Display result of 169 x~ 53 
114 Riti 24 iteration 178 - -24 
115 *LBL6 21 66 ap 171 RCL2 36 82 
116 RCL6 36 86 av 172 x -35 
117 ENH -21 173 - -45 
118 + -55 174 RCLE 36 15 
119 RCLB 36 12 175 x -35 
128 + -55 176 RCLi 36 45 
121 RCLZ 36 fj2 177 - -24 
122 x -35 178 RTN 24 
123 RCL3 36 8.3 179 *LBL5 21 85 Display P. 124 RCL6 36 86 188 LSTX 16-63 
125 x -35 181 + -55 
126 XZ 53 182 ST05 35 85 
127 - -24 183 R/S 51 
128 RCLE 36 15 184 *LBU 21 81 
129 RCL9 36 89 185 RCL( 36 87 Calculate a and b. 
138 x -35 186 RCL8 36 88 
131 RCL4 36 84 187 x -r 

-,j,J 

132 xz 53 188 STOE 35 15 
133 · -24 189 . -62 
134 - -45 198 13 88 
135 RTN 24 191 8 88 
136 *LBL9 21 89 ap 192 6 86 
137 RCLE 36 15 aT 193 ? 67 
138 RCL4 36 84 194 RCLD 36 14 i 

139 · -24 195 . -24 
148 RCL2 36 &2 196 x:r -41 
141 2 e~ ~ 197 ReLe 36 13 
142 -24 198 x -35 
143 RCL9 36 89 199 x -35 
144 · -24 288 STuB 35 Ii. 
145 RCL6 36 86 281 LSTX 16-63 
146 -24 282 x -35 
147 RCL3 36 &3 283 RCLC 36 13 
148 · -24 284 iX 54 
149 + -55 285 x -35 
158 RTN 24 286 .; 84 
151 *LBL7 21 87 ap ap 287 . -62 
152 *LBL8 21 88 an or aR 288 9 85 
153 RCL9 36 89 289 3 83 
154 RCL6 36 86 218 4 84 
155 x -35 211 x -35 
156 RCL4 36 84 212 STOR 35 11 
157 x~ 53 213 RTN 24 
158 -24 
159 RCL6 36 86 
168 ENTt -21 

I 161 + -55 
162 ReLB 36 1.2 
163 + -55 
164 RCLE 36 15 220 
165 -24 
166 RCL6 36 86 
167 · -24 
168 RCU 36 63 

I 

LABELS FLAGS SET STATUS 
A 
~ 

B +-+V c D--R E +-+T 0 R-K FLAGS TRIG DISP +-+n 
a 

R-K? b 
Te 

c Pc d e 1 a,b ON og [!j' ~ o 0 DEG FIX 
0 Used 1 a,b 2 Iter 3 4 2 1 0 fit GRAD 0 SCI 0 

2 0 r;1 RAD 0 ENG 0 5 P 6 V 7 n 8 R 9 T 3 Calc 3 o [;1 n_2_ 
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Program Deseripfion I 
Program Title ISENTROPIC FLOW FOR IDEAL GASES 

Contributol HEWLETT-PACKARD 
1000 N. E. Circle 
Corvallis, Oregon Address 

City 

Program D 

Operating Limits 

Blvd. 
97330 

:ate Zip Code 

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

P/Po is the ratio of flow pressure P to stagnation pressure Po; 

p/ Po is the ratio of flow density P to stagnation density Po; 

A/A * sub and AlA * sup are the ratios of flow area A to the throat area 
A* in converging-diverging passages. A/A*sub refers to subsonic 
flow while AI A * sup refers to supersonic flow. 

Equations: 

2 
T/To =----~ 

2 + (k - 1) M2 

P/Po = (T/To)k/(k-l) 

p/Po = (T/To)l/(k-1) 

k + 1 

AlA* = ~ [ (k ! 1 ) (1 + k ; 1 M2)] 2(k - 1) 

In the last equation M2 is determined using Newton's method. The initial 
guess used is as follows with a positive exponent for supersonic flow: 

M02 = CVFrac (A/A*) + A/A*) ±3 

Remarks: 

After an input of AI A *, the program begins to 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 may fail to 
converge at all. An "Error" message will eventually halt the routine if it 
goes out of control. 

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 Deserip'ion I 
Program Title 

Contributor's Name 

Address 

City State __ Zip Code ______ _ 

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 Ro, Rs and Rso-R. are available for user storage. 

- --------------------------

--- ------- ---- -----------

-------------------

----- --- -------_._--- ------------

Operating Limits and Warnings ----------- ---------------

------ -----------------------

- ._-- -------------------------

This program has been verified only with respect to the numerical example given in Program Description 11. 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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Sketch(es) 

Sample Problem(s) 

Solution(s) 

--- . 

Reference (s) 

Example 1: 

A pilot is flying at Mach 0.93 and reads on air temperature of 15 degrees 
Celsius (288 K) on a thermometer that reads stagnation temperature To. What 
is the true temperature assuming that k = 1.38? 

Keystrokes: 

1.38 a 8 
.938 

m 
288 £I 
273. 

~ 

~ 

~ 

Outputs: 

1.380 
0.930 
0.859 

247.352 
-25.648 

(T/To) 

(T, K) 
(T, 0c) 

If the same pilot reads a stagnation pressure Po of 700 millimeters of mercury, 
what is 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.) 

.938B ~ 0.575 (P/Po) 
700 £I ~ 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. 

Keystrokes: Outputs: 

1.74 a 8 ~ 1.740 
1.60 a B ~ 2.105 (M) 
m ~ 0.379 (T/To) 

B ~ 0.102 (P/Po) 

II ~ 0.269 (p/Po) 

or, alternatively, using automatic output. 

am ~ 1. 740 *** (k) 

2'.105 *** (M) 
0.379 *** (T/To) 

0.102 *** (P/Po) 

0.269 *** (p/ Po) 
1.600 *** (A/A*) 

• 
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ISENTROPIC FLOW 

1 M ; lITo j P/Po 1 ,/,'0 • A/A"-.utJ 

STEP 
OUTPUT 

DATA/UNITS 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
~ DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2. ~ 
2 Input specific heat ratio. k aB k I 
3 Input one of the following: 1 

Mach number M B M ] 
Temperature ratio TfTo iii M -I 
Pressure ratio P/Po II 

-

M J 

Density ratio plpo m M J 

Subsonic area ratio A/A'sub II M -J 

Supersonic area ratio AlA"up all M :~ 
4 Calculate one of the following: ~ 

Mach number B M ~~ 

Temperature ratio iii TfTo 
~l 

Pressure ratio II P/Po J 
Density ratio m plpo ~J 
Area ratio (subsonic or ---] 

supersonic) II AlA' :-] 
4' Calculate and output all =--J 

values automatically. alii k.M.TfTo.P/Po ~J 
plpo. AlA' ~.] 

5 For another calculation based ~J 

on same input. go to step 4 ] 
(or 4'). For a new input. go to ~ 
step 3. For a new specific heat :=J 
ratio. go to step 2. ~ 

~ 
-=:J 

L _ _J '--_~~ 
[==-J~ 
L:J [ __ =:1 
L _u -1 [ U] 

-- --- -

L:::~~ C=:J 
l ~~I r~::=J 
[_=-.1 [ 1 
[-_~] CJ 
[. -.J c=J 
L~~] r==:J 
L ___ J [~ 
r-___ J C- J 
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STEP KEY ENTR'I KEY COCE COMMENTS 

881 fLBL" 21 16 11 Store k-l,l/(k-l) 857 SF3 16 21 87 
'" 882 ST02 35 82 858 GTOB 22 12 

Output p/Po' 883 1 81 859 *LBW 21 14 
884 - -45 868 F3? 16 23 83 
885 5T03 35 83 861 bT08 22 8f) 
886 1.··X C"-

862 eSBB 23 12 , .. u. 
887 STD4 35 84 863 RCL4 36 B4 
888 RCL2 36 82 864 yx 31 
889 RTN 24 Output M. 865 RTN 24 
818 *LBLA 21 1i 866 *LBL8 21 88 
811 F3? 16 23 83 867 SF3 16 21 83 Convert p/pO to 
812 GT08 22 88 868 RCL3 36 83 T/TO and 
813 RCLl 36 81 869 yx 31 GTO B. 
814 IX 54 878 bTOB 22 12 
815 RTN 24 871 *LBLE 21 15 
816 *LBLO 21 88 

Store M2. 
872 3 83 Set -3 in display 

817 .1(2 53 873 CHS -22 for subsonic guess. 
818 STDl 35 81 874 X:Y -41 
819 IX 54 875 F3? 16 23 83 
828 PHI 24 876 GTOI 22 81 
821 *LBLB 21 12 877 bT03 22 83 
822 F3? 16 23 83 Output T/TO' 878 *LBLl 21 81 i 

I 823 GT08 22 88 879 ENH -21 Make guess of M2. 824 ~, 

8Z 888 5T06 35 86 .:. 

825 RCLl 36 81 881 FRC 16 44 
826 RCL3 36 83 882 IX 54 
B27 x -35 883 + -55 
828 2 82 884 ,t-+, I 

.. ; .. T -41 
829 + -55 885 rx 31 
838 · -24 886 STOl 35 81 
831 RTN 24 887 *LBL2 21 82 
832 *LBLe 21 B8 Convert T/TO to M2 888 RCL6 36 86 Iterate by Newto21s 
833 2 82 

. 
889 GSB3 23 83 method to find M 

834 k'''',' " .. I -41 898 · -24 Corresponding to 
835 · -20; 891 • 81 A/A*. J 

836 2 82 892 - -45 
837 - -45 893 · -62 
838 RCL3 36 83 894 ~ 85 I .... 
839 · -24 895 RCLe 36 88 
848 8TDl 35 81 896 · -24 
841 IX 54 8Q7 

0'/ · -62 
842 RTN 24 898 ~ 85 ~. 

843 *LBLC 21 13 899 RCLl 36 81 
844 F3? 16 23 83 Output P/Po' 188 · -24 
845 bTOB 22 88 IBl - -45 
846 G5BB 23 12 182 · -24 
847 RCL2 36 82 183 ST+1 35-55 81 
848 RCLJ 36 83 184 RCLl 36 81 
849 · -24 185 -24 
858 fl; 31 186 ABS 16 31 
851 RTN 24 187 EEX -23 
852 *LBL8 21 8f! 188 CHS -22 
853 RCLJ 36 83 Convert P/PO to 189 4 84 
854 ReL2 36 82 lIB X~Y? 16-35 
855 -24 T/TO and GTO B. 111 bT02 22 82 · 
856 )"X 31 

REGI~I~H:::' 
112 RCLl 36 81 

0 1 M2 2 3 4 5 6 7 8 9 
k k-l l/k-l A/A* Used Used 

80 81 82 83 84 85 86 87 88 89 

A IB Ie D IE II 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 IX 54 1 
114 RTN 24 170 

115 fLBLe 21 16 15 Set +3 in display 
116 3 83 for supersonic 
117 X"" .. I -41 guess 
118 F3? 16 23 83 
119 'T01 22 81 
128 *LBL3 21 83 

Convert M2 to A/A* 121 2 82 
122 RCL2 36 82 
123 1 81 
124 + -55 180 

1?~ ,,"oJ · -24 
126 RCL3 36 83 
127 LSTX 16-63 
128 · -24 
129 ST07 35 87 
138 RCLl 36 81 
131 x -35 I 

132 + -55 
133 ST08 35 86 
134 RCL? 36 87 190 

135 2 82 
136 x -35 
137 1-,--X 52 
138 yx 31 
139 RCL1 36 81 
148 '[X 54 
141 · -24 
142 RTN 24 
143 fLBLh 21 16 12 
144 SPC 16-11 Output values 200 

145 CF3 16 22 83 
146 RCL2 36 82 
147 PRTX -14 
148 SPC 16-11 
149 'SBR 23 1i 
158 PRTX -14 
151 'SBB 23 12 
152 PRTX -14 
153 'SBC 23 13 
154 PRTX -14 210 

155 'SBD 23 14 
156 PRTX -14 
157 'SBE 23 15 
158 PRTX -14 
159 RTN 24 

'vv 

220 

LABELS FLAGS SET STATUS 
A M -+ M B T/Tn -+ M CP/Pn -+ M Dp/Pn -+ M EA/A* Jb -+ M 0 'c:.t FLAGS TRIG OISP 
a k b-+k,M, TIT n' C 

d eA/A* -+M 1 ON OFF 
C::IJD' 0 0 ~ DEG ~ FIX ~ 

0 Used 1 M2 guess 2 M2 it-o,," 3 AlA 4 2 1 0 j2g GRAD 0 SCI 0 
5 6 7 8 9 3 2 o Ii] RAD 0 ~NG30 

Data? 3 o ~ 
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Program Deseripfion I 
Program Title S A,ute.ATED STEAM PROP£R.TIE.S 

Contributor's Name DON R. BUNT /AJ 

Address 345 .r~NNSCN /)Ii!/VE. 

City CAS7/..E. R()t:.1<. State Co/..01eA DO Zip Code flO/O"/-

Program Description, Equations, Variables 

/../~"IO .cNrIlAJ..PY AND SPIECIFIC VOJ,.UM£ J SA"TU~ATE.O VAPOR 

/ENTflAI..PY AND SP£C.IFI(.. VOJ..UM£ AND IE,/YlP£R.A-rUR/E. of 

SATf,lRArE..{) .sT~AM GIVE.N THE. ABso/..urE. PResSURE.. Tile: 
ABSO/...UTE. PRE.SSURE. of SATuR.ATE/J STEAM IS CALC.ULATE.D 
(J.IVE.N TI-IE. IeI') P/E.RA-rUR£. 

E.'iuATldAJ~ lASE./) A~E. : 

TEIIII.PEf(.ATW~E dF SATUIl!AT£D SrE4M ('F) 

T:. ('IS76. ,5/(ls.47S38' - LN p) - 45'.2..16 + P (-0.02.371, 

.,.. P (o.V42.19 £-4 + P (- o. 70tg$4 £-7»)) 

E.N'JlAt.. P Y t:1F SA."'HR~rE.D /..Iq£l Ii) (BtU/lb.) 

J.IL.: ('473 .'Z7'Z/(14.t:Jlr7S -LNP)) -3'1.'0'.3+ o.OZ2..')JS P 

ENTHALPY 0': SATURATe!) VAPOR (B-tu/lh.) 
Hv = 1/4Z.34-2. + P(O.7~i33 + p(-O.0041'4 + p(o.I,'4ZE.-"/­

.,.. p (-0.15'7£-7 + P (o.~or6E-II))) 

Operating Limits and Warnings 

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. 

l 

e 



Program Title 

Contributor's Name D~AL R.. _ B VI IV T / AI 
Address ________ 3 4- !t_~tI N soN /) R.llI E. 

City ____ {;_~ S-rJ..,E. R. C? C 1< State _ Csu..O te A DO Zip Code 80 /04 

Program Description, Equations, Variables ------------- -----------------

___________ 5 PEel FIC VOI..UME. r7F S_Arc.1R AT E.DYA PQI? (CLt.Ff/lh,) 
______ SV_= _(4-30.'l41'/Le+I.'6)) + o.~031 - (O.OOo~S8 pL 
-------- --- --------------------------------------------------:------

_______ u __ SPE t;,J FIC VOL.UNl E OF SATURATED L.1~LlID C CU,it;1u __ _ 
SL= 0.01'55 + P (o.1503~b E.-4 + P (-O.404'SgE-7 

-------------------------------------

PRE.SSURE.. qE 5/f,TURATE.D STEAM (PSIA) 
_ :rRJA t... AN/) El~,&PR _M~r!lc:J.p __ BASE..[)_ ON _ TEIIIJPE.R.AiUKE. 

CALCUt..A T I<:lN. _______ _ _____ _ 

------------------- --- -- - ----- ----------

Operating Limits and Warnings _~O _PSl A_~ ~ (,J)_O e Sl_~_ _____ _ __ _ _ _ ________ _ _ 

_ _______ ~R.~~S UJJ.._E. _ __ -__ =----=_ =_-= __ -=_-=_ =-~=-___ g~_(tQ~ MA~_J MU/llLE.BJ~o~ __ _ 
_____ TeMPE.RArUIJ.E.. - - -_-:- - -- O.I~" " II 

____ ~L~UID_£"tT.t'__AI-Py _= =-~_-__ - - 0.2.3" /I I. 

VAPOR E.NTtiA /-PY - - - - - - 0.2.3 II" H 

l.L~M1D_ SPe.C-!-'-'~/~ J(~~u~£ - - -::-___ (2. <) 1 " . .. 
VAP(7~ Spec/rIc VO/'-UME. _- - -0,3$ • 

,. II 

This program has been verified only with respect to the numerical example given in Program Description 11_ 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 

29 
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Sketch(es) 

Sample Problem(s) 

I) wHAT IS THE. IE.MPe.R.A-rUR.E.) t..J~UID elVTHAI..PY J VAPC'JR. 

E.N-rJ/At.PY, SPE.CIFI(' VOL.UM£ of '-I<!JUIO J AND SPECIPIC 

VoLUME. of VAPOR of SATUR.ATE.D ST'EAm AT 2S0 PSIA ? 

2) WHAT IS rHE.. PRE.SSUR£. Or SA-rUR.A//£D Sr£A,NJ AT 
A TE.MPE~ ATUR£ of 300°F? 

3) WHA, IS THE PRESSURE J /..,J<r(UID ENrNAL,oy AND 

VAPOR. ENTHA t-PY of ,sArvRATJ5.l> ST'E!-Ah1 Ai A 
TE.MPE.RATURE. OF 35'0 0 F ? 

Solution(s) KE. Y STR.OKE. S ! 7 
/) 2.~O [A) - z5'o.OO 2) 300 [:FJ [AJ .... ".1~ P$IA 

[81 ~ too. '5°F 
[e] -+ 37{'.0018%. 3) 350 [f] fA] --... 134.3' PSIA 

[D] --. 12.00.714 spn. [el -- 32.1.4115 Bt'YfJ,. 
fE] --.. O.O/~ 7 C./II.Ftrlb . [D] -+11'3.342. Bt'Ytl> 

[R/s] -+ /. iSO' Cu.F~. 

Reference (5) 

, t 

I 

i 

~ 

+.. 



STEP 

j 

2-

3* 

4-

5 

, 

-
-

-

-

-

CAR.D ONE. 

SATURATED STEAM. PROPERTIES 
~ C"ItD R.EUf/D • 

.... Hv -'SL;,sV 

INSTRUCTIONS 
INPUT 

KEYS 
DATA/UNITS 

/..OAD SID£ 1 A/lJD 5 lOG:. Two OF CJ[:=J 
PItO&RAM CAR.D CJc=J 

LOAD SID If- 1 AA1 D SID E. Two 0': I~[ J 
DArA CARD c:=J I ] 

IF TE,MP£RATVR.E of SATURAT£O ST£AM r- Il_ . -] 
IS ~/lJOtAlAl • J<E.V 1M O~ A/lJD Ptr.E.SS ff1C41 OF lof l[~] , 

[ _J l. __ ~] IF PR£&S.URE:.. nF SATUR.ATED STE.AM 

IS KNOWN: t<.E..Y IN PSIA AIJ/) PRess rA1 PSIA I - -1 [A~ I 
10 COMPUTE. THE: rOI-J..OJNING- : r ..• ~ .. -] r---. ] 

PItE.SS [al I 
--

j r ~~=J TE.MPE.n..ATURE. --------
LltIlUID E.NTHALPY - - - - - - PIt£SS rel [. ~-] [~-] 

VAPoR E..AJ-rIiALPY - - - - - - PRE.SS {Dl C-~] [D.J 
LICT/UID SPE.CIFIC VoLUME. -- PR.£.ss (1:.1 r-- --] [£=J 

~ VAPOR SPECIFIC VOLUME. - - THE.N fRAil l-~-l L~] 

FoR. NE.w CASE. G-o 10 STE.P 3 [-- I [~-=:J 
[- - J [- --] 

-~---

[----_J [_ ~l 
* THIS STl!P SHOULD B~ ONiITTE.D IF [~==J [~] 

THE. PRI!1..SSUt(l?!. Is I<AJ~WN. [-=J [=:J 
[_ -_. ] r _--_::J 

NoTE: SToRAG-E. RE.G-ISTE.R.S A l3 C [=--] [- -=---] 

Po POJ 
• I [=.J [-.. J P, s~ S A AI l) S ~ A R.. .E' ;::iu~.1!£ 

, I I , 
[== J L =J F~R Ur:.Jr:R US': 

[-__ =.I L] 
l=~_-J c ___ ] 
[--:=] r-- 1 
l =:=J c=J 
L~~ L_~ 
C~lC J 
[=--=.J L~.J 
[-~=-l r ==~l 
r~~-: J [_--~ 
I -__ -] [ . -=-~ 

CARD Two 
r-:-J 
~ 

~1 
SATU RArE:. [) STE.AM PROPE.RTIES .~ 

c:~ DATA CARD =:J 
~ ~ 
~. - - • • - ] 

31 

OUTPUT 
DATA/UNITS 

PSIA 

PSIA 

(IF 

8t~ •. LlII. 

Bto/J, VAP. 

cu#t.l1A. L/GJ. 

Cu.ltAIt. VAl! 

.:... 
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STEP KEY ENTRY KEY CODE 

001 * !!J J.BL A 32.-'1.5-1 , 
DOz' STO D 33 -1-4-
C7<1~ ~SP ~ 2.3 -c2. 
~ 2- 0'1. 
DDS 0 bO 
~a(" 0 00 
()(J'f oF L8L 1 3/- 2.5'-0, 
OOIl STO£. 33-15 
~o., oF Gsa B 3/-2.%.-/2. 
010 It ST r 35-33 
DII ReL 0 34-14-
012. - 51 
013 /It ASS 35-~4 
014 • g3 
O/~ 0 00 
0" 0 00 
017 S oS 
Olr 9 ~>Y 32.-81 
019 (iT'O 2. 2.z.-02. 

020 !«!L E. 34-15 
oz.I j., Rt. I 3&'-3. 
02.1. ReL l> 34#-14 
OZ.1 + 111 
oz.4 4 c4 
02.~ • i3 
02.' 5 os 
OZ.7 , 06 
OJ-I h yx. 3&-'3 
02.' ... '1 
030 G-TO 1 %2.-al 
031 F LBL 2- 3/- 2.$-02. 
1032.. R. CoL E. 34-15 
033 h RTN 35-22. 

03" * F LSI.. A 31- 2.~- II 
03$ SiC E. 33 - Is' 
03' DSP 2. 2.3-02. 
037 '" ItTN 35-2.2. 
03' * .r. LBL B 31-z,s-/2. 

03' fG-sB 3 31-~2.-0.3 
040 f f#;;'!IS 3/-4l.. 
t?..fl i oR 
042- S oS 
043 7 01 
044 , 

0' 
c4S . 83 
(')4' , 0, 
047 S oS 
o+~ R(!'L3 3+-03 
o..!., Il~L E. 34 -Is' 
050 ~L.N 31 -S'l.. 
os.! - 5"1 
oS'%. · 111. ~ 

0$'3 4 04 
ot:4 S 05 

loS'S ~ 09 
os, · '13 

0 1 2 

80 81 82 

A IB 

97 I)rc)~ram I~is'in~ I 
COMMENTS STEP KEY ENTRY KEY CODE 

(}~1 2- (J'2. 
~6'1l I C, 
OS" ~ C{' 
060 - 5 , 
~I ReL E. 34-L5 
I ac:o; 1.. • y3 
loc;;3 0 co 
0~4 2- 02-
1t7~s' -~ ~ 
O~& ., 01 
0~1 2.. (I'/. 
oc;t X 11 
(/(;Cf - 5'1 
070 ReL l! 3"'-15 
tl11 q ~ .. 32.-ll 
011.. R.eL .,. 34-04 
013 X l' 
014 + n 
015 ReI.. E. 34--~ 
01~ 3 a3 
0.,1 It Y% 3S'-~3 

01'l R.C,L G 3~-OS 
(/1' X :Ii 
080 - SI 
fill F P:#.S 31- ~2. 
~1.. '" RTAl 35-2.2-
0'f:J * F LSL. C. 3/-2.5 - 13 
la34 DSP3 %.3-03 
011& &GSB~ 31- 2.2.-03 
CB(" R.eL 3 34-03 
OB'1 1t.C,L 4- 34-04-
tl1ff ICC,L £ 34-1.5' 
0'9 f LIIJ 31-S~ 
090 - 5/ 
0'1 - 'il . 
0'2. Rt.L S 3~-oS 

0'3 - 5'1 
tI,4 R.el.. E. 34--~ 
0,5 . 73 
a'~ 0 co 

0" 2- ()~ 

o'B 2- t7'2... 

0" , O~ 
100 I 01 
IflI S oS 
I/a~ X '11 
I/"_~ + '" Jc4 s.. f(TtJ 3 S-1..2. 
Jt?s' It ~ LSI.. D 31-~b -14-
10(; DSP3 2.3-03 
IO? ~ r;.S/1 3 '3/- 2.2. -03 
log R.I!/.. E. 34--15 
10' G oS 
110 So yx 3G-t:3 ,,' ReI.. i 34 -0..B. 
JJ'L X 71 

REGISTERS 
3 4 5 6 7 
'.73.878 /4.01'75 3"J.'03~ 1/42..34"1- .J"4ZE-4 
83 84 85 86 87 

15'...,.7'3 , .i42.Z,1:-4 .7()1~E.-'l .,~o3~E~ .-f<>+ff £-1 

Ie D T ".' .. fAr tiE PS' A ~R. 
oR. S"Ee. V.I.. liAR PS/J. TIt/A'-

COMMENTS 

8 9 
.gog'E-1I 430. '1-1-,' 

88 89 
."r:5g4£-~ P .fOG3 £-13 

I I TeA t.~(AL.A r EO 
; 

I 



97 I)r()~ram I~is'in~ I I 33 

STEP KEY ENTRY KEY CODE: COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 RC t. E. 3-4 -IS' '" 
, 01 .,,4- 4 04 170 + , , 

115 J. y-" 3S-~3 171 R. Gl. E. 3+-/~ 

," • 83 112.. 2. 02 

111 01 113 ~ oS 
11K S oS' 114 g oS 

"' 1 07 ,.,5 E:E.)( +3 
120 SE.X 43 I·" ellS 41-
11.1 t-JlS 4-1- 1/11 ~ O~ 
12.:Z .. ., oi 11i X 7' 

J1.3 X 71 ,''' - $' 
II%.4 - SI 180 STO /) 33-1. 
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Program Deseripfion I 
Program Title CONDUIT FLOW 

Contributor's Name 

Address 

City 

Program Descripti 

Operating Limits l 

State 

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

This program solves for the average velocity, or the pressure drop for viscous, 
incompressible flow in conduits. 

Equations: 

f1 Pip 

For laminar flow (Re < 2300) 

f = 16/Re 

For turbulent flow (Re > 2300) 

1 D (D) 'Ir = 1.737 In-+ 2.28 - 1.737 In 4.67 v1 + 1 
vf t' t'Re f 

is solved by Newton's method. 

1 _ 1.737 ln~ + 2.28 
Vf;, t' 

is used as an initial guess in the iteration. 

where: 

Re is the Reynolds number, defined as pDvl p.; 

D is the pipe diameter; 

t' is the dimension of irregularities in the conduit surface (see table 2); 

f is the Fanning friction factor for conduit flow; 

f1p is the pressure drop along the conduit; 

p is the density of the fluid; 

p. is the viscosity of the fluid; 

II is the kinematic viscosity of the fluid; 

L is the conduit length; 

v is the average fluid velocity; 

KT 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 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. 

ij 



Program Title 

Contributor's Name 

Address 

City 

Program Descripti( 

Operating Limits al 

i 

I 

Program Deseripfion I 
Table 1 

Fitting Coefficients 

,------~ l---- Fitting 
-.---------~ 

' Glove valve, wide open 
I Angle valve, wide open 

, 
Gate valve, wide open 
Gate valve, 3f4 open 
Gate valve '/2 open 
Gate valve, V4 open 
90° elbow 
Standard 45° elbow 
Tee, through side outlet 
Tee, straight through 
180° bend 
Entrance to circular pipe 
Sudden expansion 
Acceleration from v = 0 to v = Ventronce 

K 

7.5-10 
3.8 

0.15-0.19 
0.85 
44 
20 

0.4-0.9 
0.35-0.42 

1.5 
.4 

1.6 
0.25-0.50 

(1 - Au.!Adn)2* 
1.0 

.... ~ __ ~_ ... __ --L ______ --------J 

• A", is the upstream area and Adn is the downstream area. 

- - -

Material 
--_._-- -- --- -_._--- - -----

Table 2 
Surface Irregularities 

--~-, 

I E (feet) 

Drawn or Smooth Tubing 5.0 x 10"6 
Commercial Steel or Wrought Iron 1.5 x 10'" 
Asphalted Cast Iron 4.0 x 10'" 
Galvanized Iron 5.0 x 10'" 
Cast Iron 8.3 x 1 0~4 
Wood Stave 6.0 x 10"'to 

3.0 x 10"3 
Concrete 1.0 x 10"3 to 

1.0 x 10"2 
Riveted Steel 3.0 x 10"3to 

3.0 x 10"2 

E (meters) 

1.5 x 1 0~6 
4.6 X 10"5 
1.2 X 10'" 
1.5 x 10'" 
2.5 X 10'" 
1.8 x 10-'to 
9.1 X 10'" 
3.0x10 .. 'to 
3.0 X 10-3 

9.1 x 1 0'"to 
9.1 x 10"3 

___ . ____ LI _______ ---'--______ -" 

Reference: 

Welty, Wicks, Wilson; Fundamentals of Momentum, Heat and Mass Transfer, 
John Wiley and Sons, Inc., 1969. 

35 
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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 Deseripfion I 
Program Title 

Contributor's Name 

Address 

City State Zip Code 

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 
from 10 seconds for M>, 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: 

D = 4 cross sectional area 
eq wetted perimeter 

Unitary consistency must be maintained with the exception of the pressure drop 
dP. If all length units are feet, time is measured in seconds and mass is 
given in pounds, pressure may be input or output in pounds per square inch, 
using the a II keys. 

Operating Limits and Warnings 

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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Sketch(es) 

Sample Problem 

Solution(s) 

Reference (5) 

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 I, KT = 10 x 1.6). The 
fluid is water (v = 9.3 X 10-7 m2/s, p = 103 kg/m3). The surface roughness 
is 3 x 10-4 m and the diameter is 2.54 x 10-2 m. If the fluid velocity is 
3.05 mis, what is the pressure loss? What is the Reynolds number? What is the 
Fanning friction factor? 

Keystrokes: 

9.3& a 70 iii & 3 
Om3&a40m60 
B 2.54 & a 2 iii 16 m 
3.05m II ~ 

liD ~ 
liD ~ 
Example 2: 

Outputs: 

522. 03 
83.3 03 
10.2-03 

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

~ ................. ~ 
! i 
I 

P =62.4 Ib/ft3 

v =10-5 ft2/sec .. 250 ft ~ 

v=O 

3/4 open gate valve 

-
0=3 in 

(M, N/m2) 

(Re) 
(f) 

1 
78 ft. of water 

1 2 E = 3.33 x 10-6 ft 

KT= Ko+ Kl + K2 
=1 + .4 + 0.85 = 2.25 

Keystrokes: Outputs: 

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

78 mmm 62.4 II 14411 
o II-------.... ~ 
Now store the other values. 

& a 5 0 iii 62.4 0 
m 3.33 & a 60 m 250 
B 3 mmm 1211 iii 2.25 
mm ~ 

Calculate volume flow rate (v x Area). 

1.5 mmm 1211 mmm 
II ~ II II -----.... ~ 

157. 03 

17.8 00 

873.-03 

(M, psi) 

(v, ft/sec) 

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

15 mOil -----.... ~ 
1441162.411----_~ 

24.7 00 
57.0 00 

(ap, psi) 
(ft) 
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CONDUIT FLOW 

L 0 KT I V -; .6 P 

OUTPUT 
STEP INPUT OUTPUT DATA/UNITS 

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS ::=J 
1 Load side 1 and side 2. ~ 
2 Input the following in any order ) 

(units must be consistent): I -

Viscosity of fluid JL DEI --] 
or _J 

Kinematic viscosity of fluid " om v ---

j 
.-

Density p De p - j 
Surface irregularity E om E 1 
Length of conduit L EI L ~ 
Equivalent diameter of =:J 

passage D m D -~ 

Total fitting coefficient KT e KT/4 
--] 

3 Input one of the following: ] 
Fluid velocity v m v 

~ 
Pressure drop in compatible 

~ 
units aP 0 aP -~ 

or 
~ 

Pressure drop in psi aP(psi) DO 144gaP ~ 
4 Calculate one of the following: ~ 

Fluid velocity m v ~ 
Pressure drop in compatible ~ 

units 0 aP ~ 
or =:J 

Pressure drop in psi DO ap(psi) ~ 
5 Optional: After calculation of =:J 

aP or v, display Reynolds ~ 
number liD Re ~~ 
and Fanning friction factor. liD f =:J 

6 For a new case, go to step 2 or .:=J 
step 3 and change appropriate =:J 
inputs. =:] 

.:=J 
::=J 

C-=:-J L--=:J 
c=Jc=J 
C] f_=.J 
r -- =:J C=:J 
I~JC~ 



STEP KEY ENTRY KEY CODE 

o 

50 

A 

881 *LBLa. 
882 Sf2 

21 16 11 
16 21 82 

883 GT08 
884 *LBL" 

22 86 
21 16 12 
16 22 82 

21 88 
885 
886 
BB7 
888 
889 
818 
811 
812 
813 
814 
815 
816 
817 
818 
819 
828 
821 
822 
823 
824 
825 
826 
827 
828 
829 
838 
831 
B32 
833 
834 
835 
836 
837 
838 
839 
848 
841 
842 
843 
844 
845 
846 
847 
848 
849 
858 
851 
852 
853 
854 
855 
856 

v 

35 89 
22 88 

21 16 13 

CF2 
*LBL8 

ST09 
H08 

*LBU 
STOA 
GT08 

*LBU 21 

35 11 
22 B8 
16 14 
35 15 
22 8B 
21 11 
35 83 
22 8B 
21 12 
35 14 
22 8B 
21 13 

STOE 
GTD8 

*LBLA 
STD3 
bTDB 

.LBLB 
STOD 
GT08 

*LBLC 
4 

STDB 
*LBLe 

CF3 
RTN 

*LBLe 
4 
6 
;3 

2 
)i 

ST04 

RTH 
GSBE 

4 
6 
3 . ., 
.::. 

RTN 
*LBLE 

ST04 
F3? 
RTN 
CF8 

GSB9 
RCL2 

RCLR 
x 

ST04 
RCL5 

Re 

B4 
-24 

35 88 
21 88 

16 22 83 
24 

21 16 15 
84 
86 
83 
B2 

-35 
35 84 

16 23 83 
24 

23 15 
84 
86 
83 
82 

-24 
24 

21 15 
35 84 

16 23 83 
24 

16 22 8B 
2J 89 
36 82 

53 
-35 

36 11 
-35 

35 84 
36 85 

2 
v 

51 52 

Used 

COMMENTS STEP KEY ENTRY KEY CODE 

Set divide 6y p 
flag 

Clear divide by ~ 
flag 

Store 11 or v 

Store p 

Store e 

Store L 

Store D 

Store KT/4 

Clean data input 
flag 

Convert input psi 
to lb/ft-sec and 
store 

Convert lb/ft-sec2 
to psi and display 

Store pressure 

B57 
B58 
859 
868 
861 
862 
863 
864 
B65 
866 
867 
868 
869 
878 
871 
872 
873 
874 
875 
876 
B77 
878 
879 
888 
B81 
882 
883 
884 
885 
8B6 
887 
888 
889 
898 
891 
892 
893 
894 
895 
896 
B97 
898 
899 
188 
181 
182 
183 
184 

Compute pressure 185 
drop 186 

3 4 
L 

53 54 

187 
188 

• 189 

I 118 
111 

REGISTERS 112 

55 

o D 

1/X 
X2 

RCLl 
RCL4 

RTN 
*LBLO 

5TD2 
F3? 
RTH 
SF8 

GSB9 
*LBU 

RHO 
STD8 
GSB8 

RHD 
RCL8 
X:r' 

Xn? 
GTD3 
RCL5 

1,"'X 
X2 

RCLl 
RCL2 

RTN 
*LBL9 

RCLA 
F2? 

SH9 
RCLD 
RCLE 

STD6 
LH 

1 

7 
3 
7 

S107 
x 
2 

2 
8 

+ 
STOC 
ST05 

FB? 
Gro7 

*LBLS 
1 
6 

ReL2 
RCLO 

56 

52 
53 

36 B1 
36 84 

24 
21 14 
35 B2 

16 23 83 
24 

16 21 88 
23 89 
21 83 
16 24 
35 BB 
23 88 
16 24 
36 88 

-41 
16-32 
22 83 
36 85 

52 
53 

36 81 
36 82 

24 
21 89 
36 11 

16 23 82 
35-24 89 

36 14 
36 15 

-24 
35 86 

32 
81 

-62 
B1 
B3 
87 

35 81 
-35 
82 

-62 
82 
88 

-55 
35 13 
35 85 

16 23 88 
22 81 
21 88 

81 
86 

36 82 
36 14 
7 
1. 737 

57 

e: 

8 

COMMENTS 

Set f and Re in 
Display 

Store velocity 

Guess v. 

39 

Iterate to find v 

Set f, Re and v 
in display 

Calculate con­
stants 

Is flow turbulent 

9 

58 59 



40 97 I)rf'~ram I~is.in~ I I Page of 

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 x -35 169 GT02 22 B2 
114 RCL9 36 89 178 *LBU 21 B,{ 
115 - -24 171 RCL5 36 B5 Start calcula-
116 5TOI 35 81 172 1 " .. ". ,., 5~' L tion of ~ P or v 
117 2 82 173 >:2 5"" ,j 

118 3 83 174 RCL3 36 83 
119 8 8B 175 x -35 
128 B BfJ 176 RCLD 36 14 
121 X~Y? 16-35 177 - -24 
122 GT02 22 82 178 RCLS 36 B8 
123 RJ· -31 179 + -55 
124 -24 188 2 82 
125 IX 54 181 x -35 
126 1 .. '.' ....... 52 182 RCL4 36 B4 
127 Gro7 22 87 183 RCLIi 36 11 
128 *LBL2 21 82 184 - -24 
129 RCLC 36 13 Iterate to find 185 x:~' -41 
138 RCL5 36 85 1 186 F8? 16 23 BO 
131 - -45 - 187 GTD8 22 B8 
132 4 B4 If for turbulent 188 RTN 24 flow 133 . -62 189 *LBL8 21 B8 Finish v calcula-
134 6 86 198 - -24 tion 
135 7 87 191 fX 54 I 

136 RCL6 36 86 192 5T02 35 82 
137 x -35 193 RTN 24 
138 RCL1 36 Bl 
139 - -24 
148 RCL5 36 85 
141 x -35 
142 1 81 
143 + -55 
144 STOB 35 12 200 

145 LN 32 
146 RCL7 36 B7 
147 x -35 
148 - -45 
149 RCLB 36 12 
158 l/X r~, 

.JL 

151 CH5 -22 
152 1 81 
153 + -55 
154 RCL7 36 87 210 

155 x -35 
156 RCL5 36 85 
157 - -24 
158 1 81 
159 + -55 
168 - -24 
161 ST+5 35-55 85 
162 RCL5 36 B5 
163 - -24 
164 (lBS 16 31 220 

165 EEX -23 
166 CHS -22 
167 3 B3 
168 X~Y? 16-35 LABELS FLAGS SET STATUS 

A B C 0 E 0 
L B KT V 6P v calc. FLAGS TRIG DISP 

a b c d e 
toP 

1 ON OFF 
~ V P £ 0 0 !XI DEG 5d FIX P 

0 
Used 

1 
2iter-llf 

3 4 2 
divido:> 

1 0 !XI GRAD 0 SCI 0 
iter-v 0 ~ RAD 0 ENG2~ 5 6 7calc • 8 9 3 2 
turb? -+ f 3 0 iii 

n __ 



Program Deseripfion I 
Program Title PARALLEL & COUNTER FLOW HEAT EXCHANGERS 

Contribut( 

Address 

City 

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

,tate .. ZipCode ..... 

Program Description, Equations, Variables 

Operating Limits ar 

This two card set allows analysis of counter-flow, parallel-flow, 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 a II until 1.00 appears. Parallel-flow is selected by pressing 
a II until 0.00 appears. 

Fluid 1 in _ 
~-r-.. ---.. --... - .. -

1 -
I Fluid 2 out 

, Figure 1 
Counter-Flow 

Fluid 1 in 

Figure 2 
Parallel-Flow 

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 Title 

Contributor's Name 

Address 

City 

Program Description 

Operating Limits an 

This program has b. 
this program materi 
upon any represent; 

NEITHER HP NOR· 
PROGRAM MATERI 
FOR A PARTICUlA 
TIAl DAMAGES IN 
MATERIAL. 

Program Deseription I 
The slave segment for parallel-counter-flow configuration (with an even 
number of tube passes) is on side 1 of card 2. 

1 
IFIUid1 in 

Flui d2 out - --
l Flui d2 in - -

Fluid 1 out I 
+ I Figure 3 Parallel-Counter-Flow 

(Even Number Of Tube Passes) 

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

Equations: 

Fluid 2 in + 

Fluid 1 in -- Fluid 1 out 

I * I Fluid 2 out 

Figure 4 Cross Flow 
(Both Fluids Unmixed) 

Heat exchanger effectiveness E is the ratio of actual heat transfer to maximum 
possible heat transfer. 

where: 

Ch (Thin - ThO) 

Cm1n (Thin - T ein) 

q is the actual heat transfer; 

Ce (Teo - Tein) 

Cmin (Thin - Tein) 

Thin and Tein are the inlet temperatures of the hot and cold fluids, 
respectively; 

ThO and Teo are the outlet temperatures of the hot and cold fluids, 
respectively; 

Ch and Ce are the heat capacities of the hot and cold fluids, respectively, 
e.g., Ch = mh x Cph, where mh is the flow rate and Cph is the specific 
heat capacity of the hot fluid; 

Cmin and Cmax (which are used later) are the smaller and larger values of 
Ch and Ce . 

cepts and uses 
Nithout reliance 

GARD TO THIS 
AND FITNESS 

I CONSEQUEN­
HIS PROGRAM 

, 



Program Title 

Contributor's Name 

Address 

City 

Program Descriptiol 

Operating Limits anc 

This program has bee 
this program material 
upon any representati 

NEITHER HP NOR TH 
PROGRAM MATERIAl 
FOR A PARTICULAR 
TIAL DAMAGES IN CI 
MATERIAL. 

Program Deserlpfion I 
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-How (See figure I) 

E 

AU (I Cmln) 
- e em in Cmax 

AU (I _ Cmln ) 
- (C . IC ) e- Cmln Cma, 

mm max 

E 
AU/Cmin 
+ AU/Cmin 

Parallel-How (See figure 2) 

- ~ (I + Cmln/Cma,) 
1 - e Cmln 

E = -=-----=------
1 + Cmin/Cmax 

For Cmin/Cmax = 0, Cmin is set to 1. 

Parallel-Counter-How; Shell Mixed with an Even Number of Tube Passes 
(See figure 3) 

E 
2 

it + Cmin ) + ~ + 
'-: Cmax V J (Cmin)2 [1 + e-

X

] 

Cmax 1 - e-x 

where: 

Cross-How; Both Huids Unmixed (See figure 4) 

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. 

E = 1 -e 

where: 

References: 

( 

( AU C
m
,") ) -C:n c::- Y 

e - I 

_ [Cmln] 0.22 y- --
AU 

(~..:..) emln y 

W.M. Kays and A.L. London, Compact Heat Exchangers, National Press, 
1955. 

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

Remarks: 

Registers Rso-Rs9' Rc, RE , and RI are available for user storage. 

Solution for AU, using the cross-flow slave card takes significantly longer than 
other solutions because of the iterative technique required. 

You should always solve for all values (AU, q, Teo, Tho and E). It is quite 
possible for the heat balance equations to yield meaningless solutions for a 
particular type of heat exchange. By calculating all results, you are assured 
that the configuration being used is capable of the performance specified. An 
error message during calculation of AU or q usually indicates a violation of the 
second law of thermodynamics. 

)ts and uses 
lout reliance 

RD TO THIS 
m FITNESS 
ONSEQUEN­
• PROGRAM 
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Sketch(es) 

Sample Problem(s) 

Solution(s) 

Reference (s) 

Example 1: 

Water (c p = 1 Btu/lb- "F) is used to cool an oil (c p = .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- OF for the heat exchangers being considered, what are the area 
requirements for counter- flow, parallel-flow, parallel-counter- flow and cross­
flow? 

Knowns: 

cp (" 1.0 Btu/lb-oF 

m(" = 20,000 Ib/hr 

Cph = 0.53 Btu/lb-oF 

mh = 37,000 Ib/hr 

T("in = 55°F 

Thin = 200°F 

ThO = 110°F 

U = 25 Btu/ft2 -hr-oF 

Keystrokes: Outputs: 

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

55 a a 20000 rmmD 1 

a iii 200 a B 37000 rmmD 
.53 aID all 

110 II 

1.00 

0.62 

(Counter-flow 

mode on) 
(Effectiveness) 

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

EBDO ---------------.~ 
Calculate AU. 

a ---------------+ 
25 II----------------_~ 

Switch to parallel configuration. 

D II---------+~ 
B 0 ---------------~ 
a -------------------+~ 

0.62 

31587.76 
1263.51 

0.00 

0.62 
Error 

-0.23 

(parallel selected) 

(Violation of 
second law) 

Load parallel-counter flow configuration on side 1 of card 2 and clear display 
of "Crd." _ 
BOa-----.... 

-0.23 
Error 

-0.06 

(Violation of 

second law) 

Load cross-flow configuration on side 2 of card 2 and clear display of "Crd'·. 

_Boa ~ 

25 II----------------_~ 

39383.22 

1575.33 

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



Sketch(es) 

Sample Problem(s) 

Solution(s) 

Reference (s) 

Example 2: 

If a counter flow exchanger with an area of 1000 ft2 and an overall heat transfer 
coefficient of 27 Btu/ft2-hr-OF 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. 

&13011 1.00 

Calculate A U product and calculate q. 

27 ImDm 1000 £I ~ 27000.00 (AU) 

II 1656452.69 (q, Btu/hr) 

II 137.82 (Teo) 

OJ ~ 115.53 (ThO) 

II ~ 0.58 (£) 

45 
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STEP 

PARA~~~f tx~~~~b~~-tLOW 

E"AU AU .. q q .. T" T[o .. T1lO Tho"E 

. ~~OW~L f8~ENTp'J,.RS~~~YV 

(03XIWNn SOlnl,j HI08) M01.:l SSOH:)* 

., 
INPUT 

STEP INSTRUCTIONS DATA/UNITS KEYS 
OUTPUT 

DATA/UNITS 
---l~----------------1------------- I- . 

Load side 1 of card 1. 
. -_._-------

2 Select proper configuration 
....-----t---,-----:---:-:---.-:--~:__-- r--------·--·-·­

card and side, and load: 
... _-_ ... _---

a. Parallel or counter·flow 
1-.-.- ----- r--

~ -_._------_._---- r--.- ------- ._-_.-
exchangers-+card 1, 

~---l--__ -c:--------.-----t------------
side 2. 

I----i-bc-.---;;:Pc-a-ra-:cllc-ecl.-c-o-u-nt-e-r.-c.-fl-ow----+----·--- r-- . 

I----if------------:--;----- 1---.-----.. ---. - --... 
(even number of tube 

--------

---------if---------f----.. -.. -- .- .-.---
passes)-+card 2, side 1. 

c. Cross·flow (both fluids 
---+------- _.-1--_._. 

------- _._ ... _--
unmixed-+card 2, side 2 . 

.. ~~--~~~--.--.. -.--- ;-----~--~---+-~--"~~ 
3 If display says "Crd" press till till 0.00 

.---+--------------------r-------_+---~---------

4 If you loaded parallel/ 
--·-r---------·--------t----·------·-~--_i-----_; 

counter-flow configurations in 
~.-~-------------

step 2, select counter flow 
--+------~---~----_i 

(1) or parallel-flow (0) using 
--------.------ .- --.--+---------f-----~I_-----_I 

mode toggle. 0 II 1.00/0.00 
r----. ---._- ---.. -.--.---.. --.---.-- f---- -------- -----+-------~ 

5 Input the following values 
---------- ---_ ... _------ --------

Cold fluid inlet temperature Tein 0 B 
.. - . 1--- -.-.-.-.- ... -. -------------- --.-.-----+-------1r---------f 

Cold fluid density flow rate me m:mm 
. -_. _ .. --- .. __ ... -------.--~.--.--.----+---~----------I 

then 
-- -_._-_. __ ._-- - - --_._-----

.. 

f---- . 

6 

Cold fluid heat capacity 

and 

Hot fluid inlet temperature 

Hot fluid density flow rate 

then 
-_._---- --

Hot fluid heat capacity 

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 hot fluid outlet temperature, 

go to step 11. 

._._- --_._-

OIlJ 

-_._- - ------- .-.-

Thin 0 II Thin 
-_ .. _-- -_._- - ---------

m:mm mh 
_.- _._.- ._------ -

._-- ~----------.-

DID Ch .. ---- .- r -----

._---_.- -

_ .. 

OUTPUT 
DATA/UNITS 

f------------t 



STEP 7 ! With effectiveness displayed , i . - .- -
I calculate area-conductance 
I-
I product. 

8 t With area-conductance 

!. product displayed, calculate 

t heat transfer. 

9 With heat transfer displayed, 

calculate cold fluid outlet 
1--------.-- - . 

temperature. 
~----- _. 

10 With cold fluid outlet 
--_ ... _-1---------._-- . 

I-

temperature displayed, 

calculate hot fluid outlet 

temperature. 

11 With hot fluid outlet tempera-
1------------------

ture displayed, calculate 

effectiveness. 

12 Go back to step 6 and com-

plete calculation of all outputs. 

For a new configuration, go to 

step 2. It is not necessary to 

repeat the input process if 

values remain unchanged . 
.. - ..... -

14 For new input values, go to 

step 5 and change appropriate ..... _-

variables. 

E 

AU 

q 
_ ... _. __ .-

T,o 

Tho 

_ .... 

47 

OUTPUT 
DATA/UNITS 

_.-.- ~ 
D AU .~ - .. _-

-- - ----. - .-- I 
.. I 

III q j 

I 
j 

II T,o 
----- I 

I 
1 

- , .. - - -.- .. 
j 

II Tho I 
~ .. ----.-~ I 

I 
--~--.--~ 

II E I 
j 

I···· .--. I 
I 
j 

I 
I 
J 

I 
1 

I Jl -1 
I il_ I 
I I [ I 
I j [ I 
I II I 
[ I [ I , II I , j I I 
I I' I , I [ I , II I , I [ I 
I I' I 

·1 II I 
I II I 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 *LBL" "i 16 11 Store T . 857 RCLl 36 B1 .... 
882 ST02 35 fi2 Cln 858 - -45 
883 RTN 24 859 CHS -22 
884 *LBL" 21 16 12 Store C 868 RTN 24 
B85 x -35 c 861 *LBLE 21 15 Calculate E from 
886 ST03 35 83 862 STD5 35 85 Teo 
88? RTN 24 863 GS81 23 81 
888 *LBLe 21 16 iJ i Store T h' 864 RCL4 36 84 
889 ST01 35 01 

. In 
865 RCL{ 36 87 

818 RTN 24 866 - -24 
811 *LBLeJ ~'1 16 14 Store C

h 867 RCLl 36 B1 ". 
812 x -35 868 RCL5 36 85 
813 STD4 35 84 869 - -45 
814 RTH 24 878 x -35 
815 *LBLe 21 16 15 Clear flag 1 for 871 RCLl 36 81 
816 Fl'? 16 23 81 counter flow, set 872 RCL2 36 82 
817 GT08 -- 22 88 for parallel flow 873 - -45 
818 8 B8 874 - -24 
819 SFl 16 21 B1 875 ST05 35 85 
828 RTN 24 876 RTN 24 
821 *LBLe 21 88 877 *LBL8 21 8B Calculate AU for 
822 1 81 878 X#8? 16-42 Cmin/Cmax = 0 823 CF1 16 22 81 879 GTDB 22 88 

I 
824 RTN 24 888 1 B1 
825 *LBLA 21 11 Calculate AU from E 881 RCL5 36 85 
826 STD5 35 85 882 - -45 
8?7 -, GS81 23 81 883 LN 32 
828 GSB8 23 88 i 884 CHS -22 
829 STD8 35 B8 I 885 RTN 24 

RTN 24 I 

*LBL2 21 82' Calculate E for 83B I 886 
831 *LBLB 21 12 Calculate q from AU! 887 X#8? 16-42 Cmin/Cmax = 0 
832 ST08 35 88 I 888 GT02 22 B2 I 
833 GS81 23 81 889 1 81 
834 GS82 23 B2 898 RCL8 36 88 
835 RCt? 36 8? 891 CHS -22 
836 x -35 892 eX 33 
837 RCLl 36 B1 893 - -45 
838 RCL2 36 82 I 894 RTN 24 
839 - -45 895 *LBLl 21 81 Store Cmin and 

-35 
, 

896 RCL3 36 83 848 x 
Cmin/Cmax 841 ST06 35 86 897 ReL4 36 84 

842 RTH 24 : 898 X)t'? 16-34 
843 *LBLC 21 13 Calculate Tcofrom q ! 899 x:~· -41 
844 STD6 35 86 188 ST07 35 87 
845 RCLJ 36 83 

I 
181 x:y -41 

846 - -24 
! 

IB2 - -24 
847 RCL2 36 82 183 ST08 35 88 
848 + -55 184 RTH 24 
849 RTN 24 
858 *LBLD 21 14 Calculate \0 from 
B51 RCL2 36 82 

to 852 - -45 
853 RCL3 36 83 
854 x -35 110 

855 RCL4 36 84 
856 - -24 

REGISTERS 
ii 
~mi/Cmax 

1 
Thin 

2 Tein 
3 Cr 

4 
Ch 

5 6 7 
Cmin 

8 
AU 

9 
CmilY E q 

80 81 82 83 84 85 86 87 88 89 

A IB Ie D E II 



Parallel-Flow & 97 Pro~r8m I~is'in~ II card 1, side 2 49 

STEP ~ktRYFICfft:y CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

I i 169 eX 33 113 *LBLtl 21 88 
114 Fl? 16 23 81 Counter-flow AU 178 1 81 
115 GTDB 22 88 calculations 171 X:~' -41 
116 RCL5 36 85 172 - -45 
117 1.··'X 52 173 LSTX 16-63 
118 - -45 174 ReL8 36 88 
119 1 81 175 oX -35 
128 LSTX 16-63 176 1 81 
121 - -45 177 x:y -41 
122 - -24 178 - -45 
123 LN 32 179 X=8? 16-43 
124 1 81 188 GTD9 22 89 
125 RCL8 36 88 181 - -24 
126 - -45 182 RTH 24 
127 X=8? 16-43 183 tLBL9 21 89 Counter-flow E 
128 HOi 22 87 184 RCL8 36 88 calculation where 
129 -24 185 RCL{ 36 87 Cmi/Cmax = 1 138 Ret7 36 87 186 - -24 
131 x -35 187 EHTt -21 
132 RTN 24 188 EHTt -21 
133 tLBL7 21 87 189 1 81 
134 RCLS 36 85 Counter-flow for 198 + -55 
135 1 81 Cmi/Cmax = 1 191 - -24 
136 RCL5 36 85 192 RTH 24 
137 - -45 193 tLBL8 21 88 Parallel-flow E 
138 - -24 194 1 81 calculation 
139 RCL? 36 87 195 + -55 
148 x -35 196 RCL8 36 88 
141 RTN 24 197 RCL7 36 87 

, 142 tLBLS 21 88 198 -24 1 -
143 Ret8 36 88 Parallel-flow AU 199 x -35 
144 1 81 calculation 288 CHS -22 
145 + -55 281 eX 33 
146 RCL5 36 85 282 CHS -22 
147 x -35 283 1 81 
148 CHS -22 , 284 + -55 
149 1 81 285 1 81 
158 + -55 286 RCL8 36 88 
151 LN 32 287 + -55 
152 CHS -22 288 - -24 
153 1 81 289 RTH 24 
154 RCL8 36 88 ~'u 

155 T -55 
156 -24 
157 RCt7 36 87 
158 x -35 
159 RTN 24 
168 *LBL2 21 82 
161 F1? 16 23 81 Counter flow E 162 Gr08 22 88 
163 1 81 calculation 
164 - -45 220 

165 RCL8 36 88 
166 RCL7 36 87 
167 - -24 
168 x -35 

LABELS FLAGS SET STATUS 
A E -+ AU B AU-+q c q-+Too o 1.0-+ Tho ETh;E 0 

FLAGS TRIG DISP 
a Tein b me tCoe C Thin ctn h t Coh 

e CNT? 1 CNT? ON OFF 
0 0 ~ DEG IKI FIX KI 

0 
E~U 

1 Cmin 2 AII-+~ 3 4 2 1 0 fXl GRAD 0 SCI 0 

5 6 
8 parallel 9 C 3 2 0 ~ RAD 0 ENG

2
D 

7 C IC IC 3 o kJ 
n __ 

... -= , = 1 
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Parallel-COunter-Flow 
50 

STEP KEY ENTRY KEY CODE 

113 tLBL8 21 68 
114 bS86 23 86 
115 ,., 6': " 116 x -35 
117 RCL6 36 66 
118 -:> 82 '-

119 RCL5 36 85 
128 - -24 
121 + -55 
122 RCL9 36 89 
123 - -45 
124 - -24 
125 CHS r-- " 
126 1 81 .. 
127 + -55 
128 LN 32 
129 RCL6 36 86 
138 -24 
131 CHS -22 
132 RCL? 36 87 
133 - -24 
134 LST>: 16-63 
135 £HH -21 
136 x -35 
137 ;:,: -35 
138 RTN 24 
139 tLBL2 21 82 
148 b5B6 23 86 
141 RCL8 36 88 
142 RCL? 36 87 
143 -24 
144 RCL6 36 86 
145 X' -35 
146 CHS r-- &. 

147 eX 33 
148 1 81 
149 X~V 

~, -41 
158 + -55 
151 1 81 
152 LSTX 16-63 
153 - -45 
154 - -24 
155 RCL6 36 86 
156 x "'"35 
1'57 RCL9 36 89 
158 + -55 
159 2 82 
168 X;! 'I' -41 
161 - -24 
162 RTN 24 
163 'tLBL6 21 86 
164 RCL8 36 88 
165 1 81 
166 + -55 
16? STD9 35 89 
16e RCL8 36 88 

0 1 2 
Cm1 .. /C.."", Thin T 

cin 
so S1 S2 

A IB AU .. , F(AUi ) 

Card 2, side 1 

COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

169 :~~~. 53 
178 1 81 
171 + -55 
17 .... .. ," IX 54 
173 5TD6 35 86 
174 RTN 24 

070 

080 

I 

I 
Calculate E for 
parallel-counter-I 

flow 

090 

100 

110 

REGISTERS 
3 4 5 6 7 8 9 

C C
h 

E Used Cmi~ AU i Used c 
S3 S4 S5 S6 S7 S8 S9 

Ie D 
F(AU

i
_

l
) 

E II 



Cross-Flow 97 I)r()~ram I~is'in~ I I Card 2, side 2 51 

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 *LBLa 21 BB 
r 

169 eX 33 
114 FIX -11 178 CHS -22 
115 8 88 171 1 81 
116 STOA 35 11 172 + -55 
117 1 81 173 RTH 24 
118 RCL5 36 85 
119 CHS -22 
128 STDO 35 14 
121 + -55 
122 LH 32 
123 CHS -22 
124 ST08 35 88 180 

125 *LBL6 21 86 
126 RCL8 36 88 
1'" ~( GSB2 23 82 
128 RCL5 36 85 
129 - -45 
138 SroB 35 12 
131 RCLA 36 11 
132 RCL8 36 88 
133 STDA 35 Ii 
134 - -45 190 

135 RCLO 36 14 
136 RCLB 36 12 
137 STDO 35 14 
138 - -45 
139 · -24 
148 .~~ -35 
141 ST-8 35-45 as 
142 RCLB 36 88 
143 · -24 
144 RHO 16 24 200 

145 X#8? 16-42 
146 GT06 22 86 
147 RCL8 36 88 
148 RTH 24 
149 *LBL2 21 82 Calculate E for 
158 RCt8 36 88 cross-flow. 
151 RCL? 36 87 
152 · -24 
153 EHTt -21 
154 EHTt -21 210 

155 . 6·" - c. 
156 2 82 
157 2 82 
158 j'X 31 
159 RCL8 36 8B 
168 · -24 
161 · -24 
162 LSTX 16-63 
163 X:f -41 
164 CHS -22 220 

165 eX 33 
166 1 81 
167 - -45 
168 x -35 

LABELS FLAGS SET STATUS 
A B C 0 E 0 

FLAGS TRIG OISP 
a b c d e 1 ON OFF 

0 0 0 DEG 0 FIX 0 
0 1 

2 An -+E 3 4 2 1 0 0 GRAD 0 SCI 0 E -+AU 
5 6 7 8 9 3 2 0 0 RAD 0 ENG 0 

iterate 3 0 0 
n __ 
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Program Deseripfion I 
Program Title ENERGY EQUATION FOR STEADY FLOW 

Contributor's Name Hewl ett-Packa rd 
Address 19310 Pruneridge 

City Cupertino State CA Zip Code 95014 

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: 

2 
PI VI 
W + ZI + 2g + Hp = 

Where 
H = total dynamic 

Hp = head added by 
head, ft. 

pump, ft. 

HT = head extracted by turbine, 

Hl,. = head loss due to friction, 
V2 _ 

velocity head, ft. 2"9-
P 
iT = pressure head, ft. 

Z = potential head, ft. 

Operating Limits and Warnings 

ft. 
ft. 

VI 

r---
System 
Boundary 

j 
j 
i 
I 
I 

Turbine 

Pump 

T +HT 

P +-H 
P 

- -, 
/1'-1 

I 
I 
I 

I 
i 
I 
I I 

'-.J. I 

Lt- __ ·_-_ J 
___ .±I ____ .it . - Z=O 

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. 



. Sketch(es) __ ----.,;~ = 400 I Q = 100 ft. 3 /sec. 
~---+-----. " 

t-·" ... 

Reservior Shaft Work Out 
HL = 25 ft. 

~-- - .. 

Sample Problem(s) _~~_ ~ ... _._.~ .. ____ ~.~_ .. 

Find the head extracted by the turbine. 

H = 364.00 ft. ---'-+- .. ----~~~~~~ ~~-- . -

1 , 
I 
I 

Discharge-pipe, A = 12.48 ft. 2 ---i / . 

- ~- Z = 10'-, ~ 
____ ~~ ______ ~y~ __ --.~ = 0 ! 

_--1 

Tail race 

--.. _-- ·--~----~-~-~t;SB~~-~---
8.88 GS8t, 

488.88 GS8c 
8.88 GS8d 

GSBe 
GS8A 

18.88 /;S88 
188.88 ENT1 
12.48 

32.28 
2.BB -

GS8C 
25.BB GS8E 
8.B8 eF8 

'S8D 
364.88 *** 

Solution(s) lQgd~_~ideJ of the program, switch to I NORMI. . _ ... ~ .. 

53 

[flIil-LJ) [I] []] , 400 IfllD. 0 [f] [QJ, [f] W, ill ,10 [II , 100 I ENTL_12~~E 
lILi£L32.2 G2GJC~, 25 [J ,0 [fJ [ClFJ [OJ [DJ ~364.00 (HT = 364.00 ft.) ~ ~ 

Reference(s)~Fluid Mechanics and Hydraulics, by Ronald V. §nes, Schaums Outline 

Series, McGraw-Hill Book Company, New York, 1962/ 
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~1 START 
~ P2/ w 
~ 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 of the program CJ[:=J 
2 Initialize O~CD 0 

3 Input any 8 of the 9 terms in the equation: ~[- ___ J 

P,/W P,/W CD l S=_l P,/W 
~ ... r-.. -_J L •• -J ... 

Z, ___ Z, [--IJ [ c:.~ Z, 
~ ~ [ _-.-J [ _:J ~ 

... ... ... 
V 1 L/2g V,L/2g [J=:J frD V1

L/2g 
C-][--] 

- --------

Hn Hn [ LJ CIJ Hn 
L -~ r--::J 
--- . ---

P?/W P?/W DLlt=] P?/W 
C......J [:-=:] 

-----

Z2 Z2 [-- -S-_-l [--l Z2 

? ? 
[ ____ J [--=-J 

" V?~/2g V?~/2g Q:] r ____ ~ V?-/2g 
L- -] [~~=-1 

HT HT [_11 l L ___ J HT 
[ I C--:..::::J 

HL HI L E . [--] ~J ___ HL 
Cll---=:-J 

4 To calculate the remaining unknown, L£JL~ 
first press: CfJL~ 

UliJ L:=J 
l_=o:J [~~ 
f==:J L_~~ 

5 Then press the 1 abel key for the corres- c::::::J [~ 
ponding unknown term. [~ L--.=:J 

[_~CJ 
[ J C---] 

L_ --1 C=J 
L~J L=-_J 
[-_J [-=J 
[-J[ -~ 

-- -- ---r --1 L--l 
---- --

[ 
-- 1 [-_J 

I _I C_":-=l 
I lC] 
I - J l--] 



97 l)rc'~r8m 1.Jls.ln~ I 
KEY CODE COMMENTS STEP KEY ENTRY KEY CODE C!T~P KEY ENTRY COMMENTS 

55 

BBI *LBLo. Zi 16 11 

~, '1' 

B57 RCU 36 B1 
BB2 CLRG 16-53 B58 RCL2 36 82 
BB3 SFe 16 21 8li mtla lZe 859 + -55 
BB4 B 8fJ --1 868 RCLJ 36 B3 left side of 
8B5 RTN 24 861 + -55 equation 
BB6 .LBLh 21 16 12 I 862 RCL4 36 84 
887 STDl 35 81 PI/W 863 + -55 
BB8 GSB3 23 83 

~ 
864 STOA 35 11 

889 STOl 35 81 865 RTH 24 I--
818 GT04 22 84 866 .LBL2 21 82 I--

811 .LBLe 21 16 13 I 867 RCL5 36 85 
812 ST02 35 82 868 RCL6 36 86 
B13 GSB3 23 83 ZI 869 + -55 
B14 ST02 35 82 -.1 878 RCL7 36 81 
B15 GT04 22 84 871 + -55 right side of 
B16 *LBLd 21.16 14 -, 872 RCLe 36 B8 equation 
Bl1 ST03 35 83 IF? -55 

V//29 
• w + 

818 GSB3 23 83 874 RCL9 36 89 
B19 ST03 35 83 ~ 875 + -55 
828 GSB4 23 84 876 STOB 35 li. 
821 *LBLe 21 16 15 I 877 RTH 24 r--
822 STD4 35 84 878 .LBLJ 21 83 n 823 (;SB3 23 83 Hp 879 GSB9 23 89 

I 824 ST03 35 83 -.1 888 GSBl 23 81 calculate 
I 825 GTD4 22 84 081 GSB2 23 82 Uunknown 

B26 *LBLH 21 11 I 882 RCLA 36 11 
8':17 ST05 35 85 883 - -45 .... 
B28 GS"B3 23 83 P2/W 884 RTH 24 

~int 829 CHS -22 885 *LBL4 21 84 
I 

838 STD5 35 85 ---l 886 PRTX -14 U 831 GT04 22 84 887 SPC 16-11 , 
832 *LBLB 21 12 I 888 RTH 24 : 
833 ST06 35 86 889 *LBL9 21 89 h. B34 (;SB3 23 B3 Z2 898 FB? 16 23 88 check for unknown 
B35 CHS -22 J 891 R.····S 51 W 836 STD6 35 B6 B92 RTH 24 
B37 (;T04 22 84 
B38 .LBLC 21 13 

'2 B39 STD? 35 81 
848 (;SB3 23 83 V2 /sg 
B41 CHS -22 _I B42 STa7 35 Bf FLAGS SET STATUS 
843 (;T04 22 84 o Input TRIG DISP 844 .LBW 21 14 l 

100 FLAGS 

845 STD8 35 88 1 ON OFF 
0 0 .. DEG • FIX • 846 GSB3 23 B3 HJ 2 1 0 III GRAD 0 SCI 0' 

847 CHS 2·~ J 2 0 II RAD 0 EN~ 0 - £ 

848 ST08 35 88 
3 

3 0 • n 
849 GT04 22 84 LABELS 

l 
1">-858 *LBLE 21 15 

A P?/W B Z') e V 2'-/2g 0 HT E HI 851 STD9 35 89 
852 GS83 23 83 a START b P1/W c Z~ dV I t::/2g e Hn 
853 CHS ..,.~ HL 3 

4 Pri nt 
-£o£o 0 1 Left 2 Right 854 ST09 35 89 Unknown 

--.J 6 8 
9 Check 855 (;T04 22 84 5 7 

:::J I 
856 .LBLI 21 81 REGISTERS 

0 1 P/W 2 ZI 3 V "C. /2g 4 H 5 P2/W 6 
Z2 7 V 2 t::/ 2g 8 

HT 
9 

HL 1 'p 
so 81 82 83 84 85 86 57 58 59 

A IB Ie 0 
IE II 
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Program Deserip'ion I 
Program Title FLOW WITH A FREE SURFACE 

Contributor's Name Hewlett-Packard 
Address 19310 Pruneridge Avenue 
City Cu pert i no State CA Zip Code 95014 

Program Description, Equations, Variables 

Hanning flow formula: 

S:::: 
(nQ)2 

, and 

Where S:::: slope of the bottom, dimensionless 
n:::: roughness coefficient 
r:::: hydraulic radius ft. 
Q:::: discharge rate ft3/ sec 

crosssection area 2 a:::: ft /sec 
K:::: discharge factor dimensionless 

Operating Limits and Warnings 

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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Skelch(e5) 

Sample Problem(5) (1) Find Q for 5=0.001. n=O.013. r= 5/12. a=5 

(2) Find K for s=O.OOl. n=0.014. 0=4. Q=200 

Solution(5) Load side 1 and 2 

(1) 0.001[]]. O.013W. 51ll12[!][g. 5[QJ.[I]-?10.1 (Q=lO.l ft3/sec) 

(2) 0.001 moo. 0.014IT][ID .4 [][]. 200mrn • [f][li] 2.2 (K=2.2) 

Reference (5) Civil Engineering Handbook, Leonard Church Urq'Jhart 

(Editor-in-chief). McGraw-Hill Book Company 4th edition. 
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s N 

s n 

STEP INSTRUCTIONS 

1 Load side 1 and 2 

2 For di scharae factor_ formul a O1LLo 
step 6 

3 For t~anni ng flow formula, input 
any 4 of the fo 11 owi na 5 vari ab 1 es 

s 
n 
r 
a 

Q 
4 Calculate the remtl;n;na llnknwn hv 

pressing the corresponding key 

5 For a new case go to step 2 

6 For discharae factor formula inDut 
any 4 nf the fnllnwina ') vrir;rihlpc;: 

s 
n 

D 

K 

Q 
7 Calculate the remaining unknovm by 

oressina the corresoondina key 

8 For a new case go to step 2 

D K 

r a 

INPUT 
DATA/UNITS 

s 
n 
r 

a 

Q 

s 
n 

D 

K 

Q 

Q 

Q 

KEYS 

CJc=J 
CJCJ 
~r ------ I 
[ I C~~J 
L~-=J [ __ J 
r ___ 1 L J 
c-A J L_-=--~] 
[-i~J L~=J 
r~1_J r---] 
C_D.J L~ 
[L1C~ 
r--~ L-~] 

~C J 
[-=~ [~ 
l -J [ I 
c==J r-- _J 
i-=_J r=-~ 
c---I L~ 
[L~r AJ 
C-r I [~ 
[·f_~ [=-1: J 
[=LJ [Ji J 
CLlr~ 
[=-~CJ 
[.~CJ 
c=J r- - --::-1 

[~L __ J 
[~==-] L~l 
C-] e.=J 
[U~[ ~ 

[ lr~ 
r--=] L~ 
[-~ [_J 
[ _ .. J [=-~J 
[~_~l [~~J 
[- 1 [=_1 
I .. I r -_-=--j 

I l[~ 
I ][ -J 

OUTPUT 
DATA/UNITS 

s 
n 

r 
a 
Q 

s 
n 

D 

K 

0 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 *LBLA 2i 11 f----

f 

857 GSB7 23 87 
, 
a 882 1 81 858 -24 • -

883 GSB6 23 66 859 RCL3 36 83 
884 RCL2 36 62 868 4 84 
885 RCL5 36 85 861 EHTt -21 
886 x -35 862 3 83 
ee7 X'i: r-, 

,J,j 863 - -24 
888 GSB7 23 87 864 yx 31 
889 - -24 865 - -24 
818 RCLJ 36 83 866 RCLl 36 81 
811 4 84 S 867 - -24 
812 EHH -21 868 IX 54 
813 3 83 869 GT09 22 89 -
814 -24 878 *LBLE 21 15 --
815 'r'X 31 871 5 85 
816 - -24 872 GSB6 23 86 
817 RCL4 36 84 873 GSB1 23 81 
818 X'i: 53 874 RCL2 36 82 Q 
8fQ -24 875 X'Z 53 <J 

828 Gro9 22 89 ~ 876 -24 -
821 *LBLB 21 12 ~ 877 IX 54 
822 ~, 

Co 82 878 GT09 22 89 ~ 
823 GSB6 23 86 879 *L8La. 21 16 11 ~ 
824 GSBl 23 81 n 888 1 81 
825 RCL5 36 85 

U 
881 GSB6 23 86 

826 K·~ 53 882 RCL5 36 85 .. ~ 
8?'" -24 883 RCL2 36 82 ~( 

828 IV 54 884 x -35 I (; 

I 829 H09 22 89 885 RCL4 36 84 
I 838 .LBLC 21 13 - 886 - -24 

831 3 83 887 RCLJ 36 83 
832 GSB6 23 86 888 EHTt -21 s 

I 
833 RCL2 36 82 889 8 86 
834 RCL5 36 85 898 EHTt -21 
835 x -35 891 3 83 
836 Xi 53 892 - -24 
837 r;SB7 23 87 893 \JX 31 
838 - -24 r 894 - -24 
839 RCL4 36 84 895 X'Z 53 
848 X'i 53 896 GT09 22 89 f--

841 -24 897 *L8Lb 21 16 12 F---
842 RCLl 36 81 898 .., 82 £. 

843 -24 899 GSB6 23 86 
844 3 83 188 GS82 23 82 n 845 EHTt -2i 181 RCL4 36 84 
846 4 84 182 x -35 J 847 - -24 183 RCL5 36 85 
848 \'X 31 184 - -24 
849 GT09 22 89 - 185 GT09 22 89 
858 .LBLD 21 14 - 186 *LBLe 21 16 13 

l 851 4 84 187 3 83 
852 GSB6 23 86 188 GSB6 23 86 
853 RCL2 36 8e. 189 RCL5 36 85 
854 RCL5 36 85 118 RCL2 36 82 0 
855 x -35 111 x -35 I 856 Xi 53 

REGIS.~ .... 112 RCL4 36 84 
0 1 2 3 4 

S n r,d a,K 5 
Q 

6 7 8 9 

so S1 S2 S3 S4 S5 S6 S7 S8 59 

A IB Ie 0 IE 11 



60 97 Pr()~ram I~is'ln~ I I 
STEP KEY ENTRY KEY CODE: COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 -24 
[ 

169 Xty -41 
114 RCLl 36 81 178 GSB8 23 88 
115 IX 54 171 RTH 24 
116 · -24 172 *LBL7 21 87 I 117 3 83 173 2 82 
118 EHIt -21 174 . -62 2.2082 
119 8 88 175 ~, 82 Co 
128 · -24 176 B 8B 
121 ')')( 31 177 8 88 
122 H09 22 89 178 ., 82 <... 

123 *LBLJ 21 16 14 

I 
179 RTH 24 

124 4 84 188 *LBLB 21 88 I 125 GSB6 23 86 181 X~8? 16-42 
126 RCL5 36 85 182 PRTX -14 Input or 
127 RCL2 36 82 K 183 STOi 35 45 output? 
128 x -35 184 8 88 
129 GSB2 23 82 185 xn? 16-32 
138 -24 186 R/S 51 
131 GT09 22 89 187 RTH 24 
132 *LBLe 21 16 15 

I 
188 *LBL9 21 89 

I 
133 5 85 189 STDi 35 45 
134 GSB6 23 86 198 SPC 16-11 
135 GSB2 23 82 Q 191 PRTX -14 Print 136 RCL4 36 84 192 SPC 16-11 I 137 x -35 193 RTH 24 
138 RCL2 36 82 
139 - -24 
148 GTD9 22 89 
141 *LBLl 21 81 
142 RCL3 36 83 
143 4 84 
144 EHIt -21 200 

145 3 83 
146 -24 
147 'f'x 31 Subroutine 
148 RCL4 36 84 
149 X2 53 
158 x -35 
151 GSB7 23 87 
152 x -35 
153 ReLl 36 81 
154 x -35 210 

155 RTH 24 
156 *LBL2 21 82 
157 ReLJ 36 83 
158 8 88 
159 EHIt -21 
168 3 83 
161 · -24 

Subroutine 162 yx 31 
163 ReLl 36 81 
164 IX 54 220 

165 x -35 
166 RTN 24 
167 *LBL6 21 86 
168 STDI 35 46 

LABELS FLAGS SET STATUS 
A B C r D a E Q 0 

FLAGS TRIG OISP S n 
b c d K e Q 1 ON OFF a 

0 • DEG • FIX 0 S n 0 0 
0 1 

2 Sllbr 
3 4 2 1 0 • GRAD 0 SCI • Subr. 

2 0 • RAD 0 ENG 0 
5 6 STO 1 7 2.2082 8 input? 9 

Print 
3 

3 0 • n-L-

l. 
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Program Deserip.ion I 
Program Title PIPE SLIDE-RULE 

Contributor's Name c. B. Col eman , Jr. CCT, Inc. 

Address 419 Shields Drive 

City . Iillaheim, State Cali f • Zip Code 92804 

Program Description, Equations, Variables The program computes the unknown, when given 
the surface coefficient (n) and any three of the following: 1. Flow (Q~ 

2. Slope (S); 3. Pipe diameter (D); 4. Depth 56 (D/d). Also computes 
Veloci ty (V). ~:lhen solving for Pipe diameter, the program automatical~ 

rounds up to a standard size of 6", 8", 12", 15", 18", 21", 24", etc.-­
pipe. Depth percentage (D/d) is found by Newton's method of iteration. 

In the case of depth percentages between approx. 82% and 100%, two 

roots o~ values are appropriate and are both displayed in merged form. 

ie: 1007~ and 82% is displayed as 100.82; 94% and 9L~% (approx. max. Q) 

is displayed as 94.94. Any subsequent calculation for Velocity (V) is 
based on the depth percentage value on the right of the decimal. The 

alternate (lower) Velocity value may be obtained after entering the 

alternate depth percentage. 

Operating Limits and Warnings 

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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Sketch(es) 

Sample Problem(s) 

n = .013 
Q = 850.3 (CFS) 
S = .1 (1 ft/1 000) 
D = 144" (inches) 
D/d = 100.82 (100% and/or 82%) 
V = 8.57 (ft/sec) @ 82% 
V = 7.52 (ft/sec) @ 100% 

Solution(s) 

A. Solve for "Q" 
Input n,S,D,*D/d 
Press B button 

B. Solve for "s" 
Input n,Q,D,D/d 
Press C button 

C. Solve for "D" 
Input n,Q,S,D/d 
Press D button 

= 144 = 850.30 @ *1 D/d = • 1 

= 850.64 @ *.82 D/d 

"D II D. Solve for /d 
Input n,Q,S,D 
Press E button 
= 100.82 

E. Solve for "V" 
Input 0"D,*D/d 
Press f E buttons 
= 7.52 @ *1. D/d 
= 8.57 @ *.82 D/d 

--
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PIPE SLIDE-RULE 

n <1> S <t> D 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 • Load side 1 and side 2. L~ r __ 1 
2. 1'0 solve for either :J S. D or D/d. 1_-.] L--=J 

Ii rlnut "n" fmrface coef.('i c-; ent n I_A~I I n 
AND l~--J [ I 

il'lput any three of the follo'.'!in r I II I 
in any order: I [ [ I 

"0" Flow (cu. ft./sec.) (' I B [ I I Q 
0 

"s" Slope (ft./1OO) S I C I [ I S 
"D" Pipe diameter (inches) D I D I [ I D 
"D/d" Denth nercentac;e D/d I E II I D/d 

3. Press key corresponding to the unknown. I * II I 
4. For new sase 0'0 to sten 2. I II I 
5. To calculate "V" Velocity. Ut./sec.) I II I 

input the following: I I [ I 
"n" , , I ""' I [ I (( D 

f--- --
0 v 

"DII D I D I [ I D 
IID/d. 1I D/d I E I [ I D/d 

6. Calculate "V" I f I [ E I V 
7. For nev! case go ta step c:; I II I j. 

I I [ I 
*l'Tote: User keys B C. D 2,~ "8 fLmction I II I 

RR i nnlJ+- '?-P.VR if R n11111hel" -; R fi l"Rt. I II I 
l~eved into the "V • +-",--re,"'lS t-er: othernise I II [ 

they act as output keys. Solutions I II I 
are automatically stored. I II I 

I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I I [ I 
I II I 
I II I 
I II I 
I II I 
I II I I 

I II I 
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s:d:S I Ktk ENTRY 

67 IJrc'~ram I.Js'in~ I 
KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

001 LEL l!; 51 ~~ 1 ~ STO 2 55 t¥. 
F-:S? -:S'5 71 O-:S - 51 • GTO 1 22 01 T 81 
~ O~ 060 X .21. 
5 05 CHS ' 42 

CHS 42 STO + 3 33 61 03· 
ST I ~5 ~~ RCt 3 34 03 

?'( 35 73 ' .' , 81 'i'" 

STO 3 33 03 RND ~1 24 
010 Lt. 04 y/O ~ 1 h 1 

STO 1 ~~ 01 1(i'T'O (i) ?? ?L 
CHS 42 7 ~Lt. g~ STO 2 ~~ 02 RCI -:s 

LBL b 1~2 2S 12 070 y>V ~? 8, 
RCT D ~4 14 (iTO r. ?? ~, 1 ~ 

8 08 2 02 
f 41 • 81 T 

~ O~ cos 31 63 
.;. 81 1 01 

020 v X ~S h~ - 51 
ReL C ~4 1~ 2 02 

I/)( 31 54 .;. 81 
x 71 (;HS L? 

RCL A 31+ 11 080 F1? ~S 71 01 
• 81 GTO 6 22 06 T 

3 03 STO 6 33 06 
2 02 • 03 
0 00 0 00 

y2 ~? SLt. 1 01 
030 .;. 8, 9 09 

STO S 'Zi 'Zi ()t:) 6 06 
RCL ') 34 03 X",y 32 71 

t 41 GTO S 22 OS 
SIN ~1 62 090 RCI h ~4 06 
- 51 R'T'N 'Zit:) ?? 
5 05 LEL 5 ~1 21) 05 

yX 35 63 SF1 ~5 Sl Q1 
RCL ~ ~h O~ Rl':T 'Zi 'Zil 1l'Zi 

x2 ~2 SLt. STO 7 ,,), 07 
040 • 81 'rI' ~5 7~ T 

3 03 2 02 
llx 35 62 x 71 
yX 35 63 STO 1 33 Ql 

RCL5 
?4 '~f 

100 CHS 42 
x STO 2 ~~ 02 

F2? 135 7] 02 6 06 
. RTN ~5 2:2 STO 3 33 03 
RCL B ~4 12 GTO b 22 31 12 

- 51 LBL 6 31 25 0.6. 
050 STO 0 33 00 CF1 ~5 61 01 

RGL 1 34 01, RND ~ 1 2J±. 
RCL ~ )4 03 EEX Lt.) 
STO 1 ~~ 01 2 02 

- ,,_.51 110 X 71 
RCL 2 ~4 02 STO .;. 6 -:S~ 61 06 

., 

RGL 0 3lf 00 ReL 7 ~4 07 
REGISTERS 

0 V 1 V 2 V 3 Did 4 5 V 6 V 7 V 8 9 

SO S1 S2 S3 S4 S5 S6 S7 S8 S9 

A B 
Q r S D D E I I V n 
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67 Prf)~r8m I~ls.ln~ II 65 

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

STO "3 "3"3 03 F"3? 35 71 O~ 
RCT h 7.,h Oh 170 GTO L 22 OLt 

RTN 35 22 1 01 
LBL 1 31 25 01 STO D 7.,7., 1 U 

t 41 GSB S 7.,1 22 Ot:: 
-t 41 • 8"2: 
2 02 7., O~ 

120 X 71 7 07 
1 01 5 Ot:; 
- 51 yX 7.,S h~ 

CHS 42 7., O~ 
COS-l "32 6<; 180 • 81 'T 

2 02 2 02 
X 71 xty 35 52 

STO "3 "3"3 o~ X'Y 32 7 
R. ":)5 S"2: GTO 7 -ZZW 
RTN "35 22 2 02 

130 LBL A "31 25 11 • <5."2: 
STO A "3"3 11 6 01) 

RTN 7.,S 22 7 \5'1 
T,RT R 7.,1 ?t:; 1;:> x2:Y ":)5 52 

ll'2;? 'i.e:; '71 ()"2: 190 X~V 7.,2 71 
GID2 22 02 GTO R 22 oR 

SF 2 ":)5 51 02 h OLI 
GSB b "32 22 12 x::i!v ~S2 
LBL 2 "31 25 02 X~y ":)2 71 
STO B ":)":) 12 GTO q 22 de; 

140 RTN ":)5 22 • R":i 

~ 
T,BL C 7.,1 2S P q oq 

F7.,? 7.,S 71 0"2: q 0i:J 
GTO "3 22 OJ Q ()q 

1 01 200 + h 
STO C 33 1 INT "31 8 
GSB 5 "31 22 ot: ":) 0" 

xC: ":)2 5u x 71 
LBL 3 31 25 o· LBL 4 "31 25 O~ 
STO C 33 1 STO D 33 14 

150 RTN ":)5 2c. RTN 7.,t:; 2? 
T Bl e ":)2 25 1 t: IBL 7 7.,1 2S Or 
RCI 7., 7.,h 0' h Of 

f 41 GTOh 22 01 
SIN 31 62 210 LBL K ~1 2t:; 01 
- 51 8 ot 

l/x "35 62 GTO 4 22 OL 
RCL B 34 12 LBL 9 "31 2CJ OC 

x 71 1 01 
RC:T D 7.,4 1 U 2 O~ 

160 x2 ~? t:;Lt GTO Lt 22 OL 
.!. 81 T BI S 7.,1 2, O~ 
1 01 f:;1l'? 7." ,1 0;; 
1 01 G.C;R h 2;;:>n~ , Ot:; 220 RCL B "34 1c 
~ 02 .!. (j • 
x 71 Ilx ":)5 62 

RTN ":)5 22 RTN ~ 22 
LBL D 7.,1 2, 1 U 

f~ A 
LABELS FLAGS SET STATUS 

B Q c S D D E Did 0 n FLAGS TRIG DISP 
a b V C Dummy d e V 

1 V ON OFF 
o D ~ DEG D FIX ~ 

0 1 V 2 V 3 V 4 V 2 V 1 D ~ GRAD D SCI D 

5 11 6 V 7 V 8 V 9 V 3 V 
2 D ~ RAD IKl EN~ D 
3 D !Xl 

n __ 
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Program Deserip'ion I 
Program Title FORCE AT BENDS AND FITTINGS 

Contributor's Name 

Address 

City 

Hewlett-Packard 

19310 Pruneridge 

Cupertino 

Program Description, Equations, Variables 

State CA Zip Code 95014 

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 pipe walls, or both. The equations are: 

F x 

R 

F 
Y 

-F where 

F accelerating force on water~lbs. 

Q rate of flow, ft. 3/sec. 

W specific weight, Ibs./ft. 3 

g acceleration of gravity, ft./sec. 2 

V2 velocity leaving fittings, ft./sec. 

VI velocity entering fitting, ft./sec. 

R reaction of water on fitting, lbs. 

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 II. User accept~ 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. 



Sketch(es) 

Support ---' 

3 
Q = Z ft. /sec. 

A = O. Z ft. Z 
l' 

A Z = O. 016 ft. Z 

67 

Sample Problem(s) 

Solution(s) 

Reference (s) 

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

of velocity and direction. 

Load side 1 of program, switch to I NORM I 

2 lEN] 62.4 0 0 IENTI 2 ~ .016Q30 IcosIQ~-74l9.9l (Fx=4l9.9l lb .) 

10 IENTI 2 IENTI .016[J30 ISINI00-7203.64 (Fy=203.64 lbs.), 

~ ~466.68, 25.87 (F = 466.68 lbs., e
F 

= 25.87°) 

~ ~466.68, -154.13 (R = 466.68 lbs., eR = -154.13°) 

Fluid Mechanics and Hydraulics, by Ronald V. Giles, Schaums Outline 
Series, McGraw-Hill Book Company, New York, 1962. 
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--';'F ~R 

STEP INSTRUCTIONS 
INPUT KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 of program CJ c=J 
2 Switch to NORM C::J CJ 
3 Input rate of flow Q, Q L£J l 1 

and specific weight of fluid, W W c:Ll L 1 
4 Input x component of velocities C~-l l __ -J 

[ 
--

J [-1 velocity entering Vlx Vlx t 
velocity leaving V?y V?..., [ B~ l ____ l Fy 

5 Input y component of velocities r--=~ L~~j 
velocity entering Vlv Vlv C-t-l [-] 

velocity leaving V?u V?v l CJ c:::- I Fv 

L_~ LJ 
6 To calculate F [11=J [~~~-] F 

7 To calculate R [-E-] C--] R 

8 For a new case, go to step 3. [--- :1 [~ 
C-] CJ 
C-~] r_J 
r_-:- _J CJ 
C~ CJ 
[ ] c=J 
[-] [ ] 
c=J [--~ 
c=J [---] 

L -~ L~ 
[=:J C=-:J 
[~ C-=-J 
CJ L==:J 
LJ [--==:J 
C-_=J L~ 
[-] C~::J 
[ _I C-] 
r--~] C-l 
r- J L_~ 
[--=~] [_:::J 
[~-J C--] 
[- J Cl 
[J L- --J 

[ J l~J 
[ --__ -_1 [--] 
r ___ --j L _1 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 *L8LA 21 11 

l 8S7 PRTX -14 Print, 882 STOB 35 12 858 SPC 16-11 
space 

883 Xt\·· -41 8S9 RTN 24 
884 STOA 35 11 Input Q, W vov 

885 :x: -35 
886 3 8:3 Calculate ~ 
88l . ., 82 ~ g 
888 . -62 
889 i B1 
818 i 87 
811 3 BJ 
812 9 89 
813 - -24 
814 STOC 35 13 070 

815 PTN 24 1-

816 *L8LB 21 12 l 817 ST02 35 82 
818 xtr -41 Input Vlx ' VZx 
819 ST01 35 81 
828 - -45 Calculate F x 
821 ReLe 36 13 

J 822 x -35 
823 ST03 35 83 
824 GT09 22 89 080 

825 *L8Le 21 13 -I 826 ST05 35 85 
827 Xti' -41 Input Vly ' VZy 828 ST04 35 84 
829 - -45 Calculate Fy 
838 RCLe 315 13 
831 x -35 
832 ST06 35 86 
833 GT09 22 85 -
834 *L8LD 21 14 

l 
090 

835 RCL6 36 86 
836 RCLJ 36 83 
837 ~p 34 
838 ST07 35 87 
839 PRTX -14 -

F 
848 X;Y -41 

J 841 GSB9 23 89 
842 Xti"' -41 

FLAGS SET STATUS 843 PTN 24 
0 844 *LBLE 21 15 

l 
100 FLAGS TRIG OISP 

845 RCL6 36 86 1 ON OFF 

846 CHS -22 0 0 • DEG • FIX • 2 1 0 • GRAD 0 SCI 0 847 RCL3 36 83 
2 0 • RAD 0 ENG 0 848 CHS -22 3 
3 0 • n_Z_ 

849 ~p 34 - LABELS 858 5TOB 35 88 R 
0 E 

J 
A 

Qtw 
B 'i.r'v, V?"F" F R 851 PRTX -14 V,.rt V?~Fv 

852 Xt'r' -41 a b c d e 
853 G589 23 89 

0 1 2 3 4 854 X:i' -41 
855 PTN 24 5 6 7 8 9 print 
856 *LBL9 21 89 1-, 

REGISTERS 
0 1 2 3 4 5 6 7 

IFI 
8 IRI 9 

Vlx VZx F Vly VZv Fv x 
SO S1 S2 S3 S4 S5 S6 S7 S8 S9 

A IB 1C 0 E 11 Q W QW/g 



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. Everyone 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 
Mathematics 

Electrical Engineering 
Business Decisions 

Clinical Lab and Nuclear Medicine 

Users' Library 

Mechanical Engineering 
Surveying 

Civil Engineering 
Navigation 

Games 

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 
Portfolio Management/Bonds & Notes 

Real Estate Investment 
Taxes 

Home Construction Estimating 
Marketing / Sales 

Home Management 
Small Business 

Antennas 
Butterworth and Chebyshev Filters 
Thermal and Transport Sciences 

EE (Lab) 
Industrial Engineering 

Aeronautical Engineering 
Control Systems 

Beams and Columns 
High-Level Math 
Test Statistics 

Geometry 
Reliability / QA 

Medical Practitioner 
Anesthesia 

Cardiac 
Pulmonary 
Chemistry 

Optics 
Physics 

Earth Sciences 
Energy Conservation 

Space Science 
Biology 
Games 

Games of Chance 
Aircraft Operation 

Avigation 
Calendars 

Photo Dark Room 
COGO-Surveying 

Astrology 
Forestry 



THERMAL AND TRANSPORT SCIENCES 

These programs include many of the basic calculations needed when 
dealing with thermal and transport science problems. 

PSYCHROMETRIC PROPERTIES 

PSYCHROMETRIC CALCULATIONS FOR WATER IN AIR 

EQUATIONS OF STATE 

ISENTROPIC FLOW FOR IDEAL GASES 

SATURATED STEAM PROPERTIES 

CONDUIT FLOW 

PARALLEL AND COUNTER FLOW HEAT EXCHANGERS 

ENERGY EQUATION FOR STEADY FLOW 

FLOW WITH A FREE SURFACE 

PIPE SLIDE-RULE 

FORCE AT BENDS AND FITTINGS 
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