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INTRODUCTION

In an effort to provide continued value to it's customers, Hewlett-Packard is introducing a unique service for
the HP fully programmable calculator user. This service is designed to save you time and programming effort.
As users are aware, Programmable Calculators are capable of delivering tremendous problem solving potential in
terms of power and flexibility, but the real genie in the bottle is program solutions. HP’s introduction of the first
handheld programmable calculator in 1974 immediately led to a request for program solutions — hence the begin-
ning of the HP-65 Users’ Library. In order to save HP calculator customers time, users wrote their own programs
and sent them to the Library for the benefit of other program users. In a short period of time over 5,000 programs
were accepted and made available. This overwhelming response indicated the value of the program library and a
Users’ Library was then established for the HP-67/97 users.

To extend the value of the Users’ Library, Hewlett-Packard is introducing a unique service—a service designed
to save you time and money. The Users’ Library has collected the best programs in the most popular categories from
the HP-67/97 and HP-65 Libraries. These programs have been packaged into a series of low-cost books, resulting
in substantial savings for our valued HP-67/97 users.

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

A WORD ABOUT PROGRAM USAGE

Each program contained herein is reproduced on the standard forms used by the Users’ Library. Magnetic
cards are not included. The Program Description | page gives a basic description of the program. The Program
Description Il page provides a sample problem and the keystrokes used to solve it. The User Instructions page
contains a description of the keystrokes used to solve problems in general and the options which are available to
the user. The Program Listing | and Program Listing Il pages list the program steps necessary to operate the calcu-
lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent
information about data register contents, uses of labels and flags and the initial calculator status mode is also found
on these pages. Following the directions in your HP-67 or HP-97 Owners’ Handbook and Programming Guide,
“Loading a Program” (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing | and
Program Listing |l pages. A number at the top of the Program Listing indicates on which calculator the program
was written (HP-67 or HP-97). If the calculator indicated differs from the calculator you will be using, consult
Appendix E of your Owner’s Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97
keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but
some differences do occur in the keycodes used to represent some of the functions.

A program loaded into the HP-67 or HP-97 is not permanent—once the calculator is turned off, the program
will not be retained. You can, however, permanently save any program by recording it on a blank magnetic card,
several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owner’s
Handbook for full instructions. A few points to remember:

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your
program, review the status section and set the conditions as indicated before using or permanently re-
cording the program.

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have
recorded the program. This simple step will protect the magnetic card and keep the program from being
inadvertently erased.

As a part of HP’s continuing effort to provide value to our customers, we hope you will enjoy our newest concept.
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AIR COOLING SYSTEM DESIGN . . .
Program calculates one of any Four quant1t1es in the des1gn of an '
air cooling system for electronic equ1pment Given the ambient
temperature, the power dissipation in the enclosure, and the worst
case maximum temperature, the program calculates the required
blower rating in cubic feet per minute.

BLACK BODY THERMAL RADIATION ., . . . '
Calculates wave length of maximum emissive power, total emissive

power, monochromatic emissive power, emissive power from zero to a
specified wave length, for black radiating surfaces.

ECONOMIC INSULATION THICKNESS . . -
Can be used to determine the econom1c th1ckness of 1nsu1at1on

given the thermal properties of the insulation, the cost of energy,
hours of operation, cost of insulation, and the temperature
difference.

HEAT TRANSFER THROUGH COMPOSITE CYLINDERS AND WALLS . . . .
Can be used to calculate the overall heat transfer coefficient for

composite tubes and walls from individual section conductances and
surface coefficients.

STEADY STATE COND. HEAT TRANS.; HEAT LOAD & LOGARITHMIC MEAN

TEMP DIFF. . . o
Computes heat duty, heat 1oad transfer area, 1ogar1thm1c mean
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mass flow rate.

SUN ALTITUDE, AZIMUTH, SOLAR POND ABSORPTION .
Computes sun's altitude, azimuth, and the fraction of the sun's

radiation which will penetrate the surface of a solar pond given
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TOTAL DAILY AMOUNT OF SOLAR RADIATION . .
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TEMPERATURE OR CONCENTRATION PROFILE FOR A SEMI-INFINITE SOLID
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TRANSIENT TEMPERATURE DISTRIBUTION IN A SEMI-INFINITE SOLID
WITH CONVECTION BOUNDARY CONDITION + + + « s o« o + &« + o« « « . 4O
Computes factor enabling calculation of temperature in a semi-
infinite solid for data including distance from surface, time, thermal
conductivity, thermal diffusivity, and heat transfer coefficient.

CONSERVATION OF ENERGYI . . . . . [ ] L} . . . L] [} ] L] . . [} [} [ ] . . Llll
This is a two card set which may be used to solve a variety of energy
conservative flow problems (Bernoulli's equation). Card one accepts
English units while card two is for metric units.






Program Deseription |

(" ~
Program Title Air Cooling System Design
Contributor’'s Name Hewlett-Packard
Address 1000 N.E. Circle Blvd.
City Corvallis state Oregon Zip Code 97330
\- y,
( =
Program Description, Equations, Variables
Define: H, = Molal enthalpy of air at T, and Pi (BTU/LB Mole)
Pi = Power in kilowatts (3413 kW-Hr/ BTU)
T1 = Temperature in degrees Rankine (°R)
Vi = Volumetric flow rate
Ni = Molal flow rate
i = 1 for outside enclosure p; = Pressure (in atmospheres)
i = 2 for inside enclosure C_ = specific heat at constant pressure =
6.953 (BTU/1b-mole °R)
- Molar volume for air at a temperature T and pressure p is V = (0.35905
(0.35905 x 10° Ft3/1b-mole) (Atm/p)(T/491.7°R) = .7302
- Energy balance at steady state
H]N] + (P-P,) = HZNZ -
- Molal volume for an ideal gas has a flow rate V] =(5%)(+%)V2
- Specific heat equation H, - H; = Cp (T2 - T])
- Neglect pressure difference Py = Pp
Continued on next page—
Operating Limits and Warnings
1. Calculation assumes steady state, treats air as an ideal gas, neglects
humidity, etc.
2. The "E" key should not be used as it contains several values needed to
cram the program into the limited memory.
\. J
N

upon any representation or description concerning the program material.

MATERIAL.

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

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

_/




Program Desecription |

-~
Program Title

Air Cooling System Design

Program Description, Equations, Variables

Then , _ K(PZ-P1)T2 i

or T, = 2 = Max. Enclosure Temperature
== 2 Vz-kZPZ-P15

T
= -V-g (V2-k(P2-P]) = Ambient Temperature
2

(o]
]
_‘
—
|

V. = —2_ 1" 2 _ r3/min = Req'd flow rate k = 5.974
2 T T,
V, T,
or  PyPy == T ) = kW = Power Input

Contributor’'s Name Hewlett-Packard

Address 1000 N.E. Circle Blvd.

City Corvallis state  Oregon Zip Code 97330
\_

~

Operating Limits and Warnings

upon any representation or description concerning the program material.

MATERIAL.

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

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




Program Desecription 11

r )
Sketch(es)
Pz
Vi [ (kW) .
Az
NpUE T T = (P
= Ut Exseos,
7B w22
w7 2 )
u , _
~
Sample Problem(s)
t, = 72°F
t2 = 85°F

i = 250 ft3/min

Calculate: P1N = 0.9982kW

Now assume you wish to change the ambient to 68°F with the same power and see

what effect it has upon the blower rating. After having first pressed "D"

just key in.68 in "A" and press "C". To use the calculated P]N V=191.1765

Now change V to 200 and P1N to TkW a?d resolve for t] = 68.7209°F. Now change

t] to 65°F and calculate t2 for the V=200 and P1N = 1 by entering 65° in "A"

and pressing "B" to obtain t2 = 81.1646

If you forget one of the other three variables in using the program for optimizing

just Took in R],Rz, R3 or R4 For T1,T2,V or P]N as may be of interest.

Solution(s)
Keystrokes: Outputs
72[A] 85[B] 250[C] [D] =-----==--=---ccmmmmmmmm oo 0.9882
[D] 68[A] [C] ===---======m-mmmmmm oo 191.1765
200[C] 1[D] [A] =======--=-mmmmmmmm e 68.7209
65[A[ [B] ==========mm oo 81.1646
\ J
( R

Reference(s) V.M. Faires, Thermodynamics, 5th Edition, MacMillan Co., New York,
1970; page 453.

This program is a translation of the HP-65 User's Library program
#02001A submitted by Todd A.C. Heard.




User Instruetions

Air Cooling System Design

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Enter any three of the four variables in any

order using the designated keys.

Do not use the"E" key. If you do by mistake,

just re-enter all the values again.

Enter ambient temperature.

Enter max temperature for the enclosure

Enter volumetric flow rate of air cooling

V(FtImin

~

system.

Press and get max power (kW) that can be

dissipated in the enclosure

NOTE:

1) If you wish to change any of the input

variable to see its affect on the calculati

key in the new value and press the key for

the unknown.

As the variables may be keyed in in any
order the result may be considered as an

input and new values can be calculated

with one of the input variables becoming

the unknown.
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o [ ] [ ]
o7 Program Listing |
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
eI ¥LEL& 2111 57 xLELD 21 14
BEZ  STCY 7= a ase  ST04 35 04
ee3 é e 859 é a@
883 x#y7 16-32 gg? x;r; xg—qi
Ggec RTN ) 6 T z
806 CSBE 2 j; Calls constants,etc B2  COBE 27 15
867  RCLY 36 @4 663 RCLS 3¢ s
#88  RCLE 35 as 864 RILZ % a3
ges  CHS oz pES x 35
e18  RCLT I a3 gfﬁ RCL& 36 ﬁ:
R 4 = &7 s -
eﬁé ROLI 2 gg BSE  ENT? -21
613 = -24 BES  RCLE 36 ag Computed Py, (kW)
01 o E’\IT# _-;.j ﬁ."@ E ‘.‘34
e - er1  RTN 24
BiS  RCLE 36 s o .
s y _35 Computed t](°F) 72 xLBLE 21 15
G117 EOLT 36 ar 8r3 S as
ST T B4 . -62
oy - -45 . Constant 5.974
Ri§ | e . s
15 RTK 24 - Z pd
826 *LELE 2112 - y o
gar o sTOz I . ere  STOE 35 e
e wern feem oo 4 64 | Constant 460
wié. .'i.*:)r-" Is—i.: RGE € a onstan
24 R ool BS1 e a@
25 ESBE 2o s Be2  STOF 7% 67
g6 RLLio el #E7  RCLZ 36 @2
¢7 RCLT - 3s w7 g4 RCLI 26 @1
ee_t. o 85 - -5 | (t-t.)
pz>  Rilz 35 @3 BBE  STOS 35 85 21
ooe 4 pE7  RCLZ 36 @2
g1 ENTZ -2l 8¢ RCL7 36 @7
32 RCL4 Z6 84 poo + -5¢ T.(°R)
823 RCLE 36 ae goe  STOR 5 as 2
24 x 33 gS1  RIN 24
175 CHE -2z
@3¢ RCLZ 3 83
B37 + -85
638 z -24 Computed t2(°F)
B39 RCLT 36 @7
B46 - -45
B41  RTH 24
42 xLBLC 2113
g4z 5TOZ 75 @3
p44 é aa 100
B45 NEY? 16-32
B46  RTN 24
R47  GSEE 27 15
@48 RCLE 3¢ as
R4S RCL4 € 84
asa X -35 SET STATUS
RS  RCLE 3 05 FLAGS TRIG DISP
g5z X 35 ON OFF
&z ENT? =21 0o O K DEG K FIX ¥
RS54 RLLS 6 85 3 70 1 0O K| GRAD O | sci O
(] z -2a Computed V (Ft7/min) 2 0 K| RAD O [ ENG,D
656 RT 24 3 0 W n
REGISTERS =
1 o 2 o 3 4 5 6 7 8 o
0 81 CF) P tCF) 7 (rr3mind PIn(KW) [° tp-ty  [°5.974 460 T,(°R)
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D I




Program Desecription |

upon any representation or description concerning the program material.

MATERIAL.

4 )
Program Title Black Body Thermal Radiation S
Contributor's Name Hewlett-Packard I
Address 1000 N. E. Circle Blvd. e
City Corvallis state Oregon __Zip Code 97330 R
\_ D,
' )
Program Description, Equations, Variables . S
Bodies with finite temperatures emit thermal radiation. The hjgher
the absolute temperature, the more thermal radiation emitted. T
Bodies which emit the maximum passible amount of energy at every
wavelength for a specified temperature are said to be black bodies.
While black bodies do not actually exist in nature, many surfaces
may be assumed to be black for engineering considerations. e
A max, A
a -
Black bod 2T > S
mo_noc_:hror!r!latic / Amax, Ti>T2>Ts
emissive power ,
/ e \
/ Am?:s\ y ) o
/ N [ _
/)
I/
i) -
I | | I | T
B - - 1 2 3 4 5 -
Wavelength, microns (continued
Flgue 1. next page)
Operating Limits and Warnings N R A
e
A minute or more may be requn'ed to obtam Eh(0-2)- ~9f~-Eb(>\1 ) since the
1ntegrat1on 'IS numeri ca] o - o
Sources differ on values for constants. This could yield small discrepancies
between published tables and program outputs. = - ; _
\. J
7

This program has been verified only with respect to the numerical example given in Program Description /I. 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

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




Figure 1 1is a representation of black body thermal emission as a function of
wavelength. Note that as temperature increases, the area under the curves (total
emissive power Eb(o-m)) increases. Also note htat the wavelength of maximum

emissive power Anax shifts to the left as temperature increases.

This program calculates the wavelength of maximum emissive power for a given
temperature, the temperature for which a given wavelength would be the
wavelength of maximum emissive power, the total emissive power over all
wavelengths, the emissive power at a particlular wavelength, the emissive
power form zero to a specified wavelength, and the emissive power between
specified wavelengths.

Equations:

T =

A C
max Amax 3

Eb(o_m) = 0T4

27{01

A\S (ec, JAT _ 1)

A
Epo-n = f Epa da

o

o ke,
- 3
=2mc, Z ~T/kcy e TA |:<_>1\_> + 3T

k=1

2 3
POLY (LA Y
A kCz kCg

Eb, -2,) = Ev(o-,) = Eb(o-1,)

Epr =



where

Amay iS the wavelength of maximum emissivity in microns;
T is the absolute temperature in °R or K;
Ep(0-=) is the total emissive power in Btu/hr-ft*> or Watts/cm?;

Epa is the emissive power at A in Btu/hr-ft2-um or Watts/
cm?-um;
Ep(o-» is the emissive power for wavelengths less than X in Btu/
hr-ft? or Watts/cm?;

Eb@, -x,) is the emissive power for wavelengths between A, and A,
in Btu/hr-ft> or Watts/cm?.

¢y = 1.8887982 x 107 Btu-um* /hr-ft?
=5.9544 x 10> Wum* /cm?

¢, =2.58984 x 10* um-°R = 1.4388 x 10% um-K
c3=5.216 x 10® um-°R =2.8978 x 10° um-K

0=1.713 x 107° Btu/hr-ft>-°R* = 5.6693 x 10~!2
W/cm?-K*

Oexp = 1.731 x 107° Btu/hr-ft>-.°R* =5.729 x 107'?
W/cm?-K?



Program Desecription 11

rSkétch(es)r =)
. —J
-

Sample Problem(s) _ Example 1:_ ] . - i } . ]

What percentage of the radiant output of a lamp is in the visible range (0.4

__to 0.7 microns) if the filament of the lamp is assumed to be a black body
~at 2400 K? What is the percentage at 2500 K?
—Keystrokes:————— : - Outputs: R
B - 5.669 x 10712 w/em?-k*

2400 [A] .4 [B] .7 [f] [E] [C] [:] 100 [x]----=-=--» 2.641%

2500 [A] .7 [f] [E] [C] [+] 100 [x]------=-===-= —ees 3.337%

_Example 2: -

If the human eye was designed to work most efficinetly is sunlight and the
_visible spectrum runs from about 0.4 to 0.7 microns, what is the sun's ) B
__temperature in degrees Rankine? Assume that the sun is a black body. Using

the temperature calculated, find the fraction of the sun's total emissive

power which falls in the visible range. Find the percentage of the sun's
~ radiation which has a wavelength less than 0.4 microns.

Keystrokes: - - Outputs:

[£] [A]-mmmmmmmmmmmmmmmm e mmm e > 1.713 x 1072 Btushr-ft2-°RY
—Compute mean of visible range.

8 [4] 7 [#1 2 [#]rmmmmm e mm e — 550.0 x 1073 m - —
-—Compute temperature of sun.
[B]---- S — S — ~ 9.484 x 10° °R _
L (continued)
s )
Reference(s) .
Robert Siegel and John R. Howell, Thermal Radiation Heat Transfer,
Volume 1, National Aeronautics and Space Administration, 1968.
N J




10

Compute percentage of power in visible range.

[A] .4 [B].76E) [C] [+] 100 [x]---n-mmmmmmmmmmmmm > 33.70 x 100 %
Compute percentage of power under 0.4 microns.

[E] [C] [+] 100 [Xx]--===mm=mmmmmmmmmm e mmmmmee e > 8.433%



lj ~ 4\ l ~ ® s ~ 1
sSer Instrueaons
Black Body Thermal Radiation
SI
STEP INSTRUCTIONS DATAUNITS KEYS DA%T/S:TTS
1 | Load side 1 and side 2. [ ]
2 Store constants: Ej l:]
For English units (Btu, wm, hr, ft, °R) £l Al [1.713x07
For SI units (W, ym, cm, K) C¢ 1l 81 [5.669x10'2
3 For experimental Stefan-Boltzman constant ] | q
instead of theoretical value press | £ 1l ¢ | 1.731x10 ~
[Tl |5.720x1012
4 Calculate any or all of the following (T and | I |
A need only be input once): II H ]I
Calculate A for a given T T [,,7A I ‘ I Amax— |
max I
Calculate T such that A is A for T3 A | I | T .,
LLLEC 98 [ ] [ ] THTOA
Calculate total emissive power; T | a Il ¢l Eh(n )
I -
Calculate the emissive power at A; T [ Al ] Ao
) (B0 ] [ En
Calculate the emissive power between zero | N
and 1; T T W
) B Il E T [ Ergn
Calculate the emissive power between ) I ) ’
and A'. T LAl ] Amax
A [ B[ ] T0ax)
3 L FILED [ By
5 For a new case, go to steps 2, 3, or 4. [ ] [',Aj
(I
.
(I
L0 ]
I
L]
I
I
[ 10 ]
I N
I
[
I ]
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g7Program Listing I

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
BE! aLELe I 15 11 157 g @5
Bez : 1 Store English Bos i Toc
L : g& constants. B3 g be
(J5E! z aa Bel £ )
G5 g s BE1 a g
Bas : a7 BE? z a3
o7 E a3 pE3 ¥ -23
Ba2 g az BE4 Hz 22
Ba? z 6z BES 1 Al
£10 5 3T Al BEE 2 az
38 z az PET 5T 35 &4
117 s &5 pee ETH 4 | e __
813 z be BSS alBlc 21 16 13 Convert to exper-
B14 z EE B7e 1 al imental
B15 g 55 BT . -62 o
BlE : -62 BT2 2 au
Bi7 § a4 B72 ; 3
B18  STOZ 35 6z B4 g ae
B19 s g 875 5 as
B30 z Gz 76 §Tv4 35-3/@s |
A . 5 1 e <1 4 5 f[d
?Eé : gé S84 RLLA e g; Store T and cal-
B23  §TO07 35 &3 gra 21 11 culate Ay
B4 . -2 pon 35 as
825 1 @1 Be1 3¢ 63
BIE 7 ar ez -41
Bz : éi 3 z -24
BEg K @3 834 FTH 24
229 ! @i PA5  ¥LBLE 21 12 |mmmmmmmmmmmmmmmmee-
636 g B2 PSE  STOE 35 @ |Store A and calcu-
831 EE¥ -23 pe7  RCLT 36 @3  |late T for which
o -2 BeE N2V -41 A would be A .
£33 g @3 00 2 -2
174 STO4 35 64 gee s A P
35 RN 24 a1 zl 13 Calculate E .
B3 ¥LBLL 21 16 128 | ==m===m=mmm—memeaee g9z : 76 @5 b(0-=)
Bzv = as Store SI constants. gaz ¥ a3
£38 g as B4 ye 53
179 s a3 p95  RCL4 36 64
p40 4 a4 BYE # -35
B4l . -62 a7 ' 24
B4z 2 a4 pag 214 _______
B43  STOM 35 a1 pag 36 ai
P44 : él 160 7y Calculate Bp,.
£45 4 a4 181 -55
84¢ 2 a3 18z . 16-24
B47 g as 183 % -35
B48 g as 164  RCLE I 86
p49  STOZ 35 a2 165 5 as
858 z az 16€ y¥ k3
23 g as 187 : -24
pS2 2 as 168 36 82
BS3 7 ar 189 36 86
g54 . -§2 116 : -24
Bs 2 e 111 RCLS 3¢ 85
g5 STOZ 5 63 1z : -24
REGISTERS
0 1 2 3 4 5 6 , 7 8
A Cq C, Cq T Ay A sum ke, /T
SO St S2 S3 S4 S5 S6 S7 S8 S9
A B C D E I




G Program Listing 11

13
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
112 e” 33 169 x£vT 1€-35
114 : 81 179 ETN 2z al
115 ) ~43 71 R -3
116 z -z4 v oLy -51
17 24 | TTTemmmsssosssssmes = NI 15 @7
118 2115 |Calculate By (g - ;*3 g':;A éb_g;
12 aa ey -55
120 33 @3 17¢ Pi 16-24
121 75 a7 2 . 35
ez <l i 178 PCL! 36 a1
123 -31 179 X -35
124 -3l 188 ETN - S P
123 6 85 181 xilBLe 21 16 15  |Calculate E .
126 €6 az 182 ENTT -y b(x-1").
127 26 #AS 1832 ENT#* -2
125 : -4 184  GSPE 23 15
129 - -45 f 185 Y -4
128 STOS 35 ag 186  RCLE 36 @6
121 5 83 187 §To@ 35 o@
132 L -4 188 x -3
123 B 24 183 sTOC 35 @
134 RLLs 36 de 198 GSBE 23 15
135 e 93 191 - -45
125 -24 182 MBS 16 3t
137 le-63 183 PRCLO 36 @@
138 as 194 STo€ 35 a6
133 36 a6 185 & -31
146 = -4 196 RTH 24
141 - et = R . D (OO
142 € ac
143 ROLE 36 @6
144 2 -24 200
145 PRCLE 36 @8
146 4z 53
147 : -24
148 - -45
143 13
158 36 a8
151 53
152 24
153 I @5
154 -Z4 210
155 -55
15¢ 3¢ @8
157 Z6 @6
158 : -24
158 a¥ 3z
160 g -35
161 RCLE 36 as
152 z -24
163 5T+ 35-55 @7
164 RCLT 36 @7 220
165 : -24
166 EEX -Z3
167 CHS -2z
158 s @s
LABELS FLAGS SET STATUS
T T M)WSE 0 P oE, o En [ FLAGS TRIG DISP
MaA b A A c IS AN ] d L= AErAY e L-ANTAREAY | 1 ON OFF i
Eng SI Exp o ASE o O DEG g/ FIX O
TE 3 4 CAATAYR 10 IZ/ GRAD sci O
—Eb(0-0) _ 5 - » O #@J RraD O EN%D/
3 0 M n
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Program Desecription |
s )

Program Title Economic Insulation Thickness

Contributor’s Name Hewlett-Packard

Address 1000 N.E. Circle Blvd.
City Corvallis State Oregon Zip Code 97330
\ J

- — — A
Program Description, Equations, Variables
I =3.46 x 1075 /Y(AT) M k/b -6k
Where:
I = thickness of insulation in inches
Y = hours per year
k = conductivity of insulation BTU/ft2°F/ft.
AT = temperature difference, °F
6 BrU
b = cost of insulation $ per ft2 per in. thickness

M = cost of energy $ per 10

Operating Limits and Warnings

Insulation is assumed to be protected from moisture saturation possibilities.

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and usesw
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)
A. What thickness of insulation is economic for a prefab wall used in a structure
with the following conditions?
k = 0.15, AT = 72°-32°F
Y = 24 hrs per day per year(8760),
M = $1.00 per 10° BTU
b = $0.20 per sq. ft. per inch thickness
B. What if the energy price is $2.50/million BTU?
Solution(s)
0.15 [+] 8760[B] 40[C] 1[D] 0.2[E] [A] [R/S] -==--cecmeaae- > 0.87 inches
A Ans. 0.87 inches
2.5[D] [A] [R/S] ==-===cm e oo > 1.90
B Ans. 1.90 inches
s ~
Reference(s) Mechanical Engineers Handbook, L. Marks, McGraw-Hill 1941, pg 404.
This program is a translation of the HP-65 Users' Program #01621A submitted
by John R. Feemster.
\ J




16 User Instructions
Economic Insulation Thickness
kt
Y hr/yr _ ATF $/1P BTU
STEP INSTRUCTIONS DA;P:\?S;ITS KEYS Dlei\T/SltilTTs
1. | Input program D L_;'
L]
2. | Input data I |
K BTU/hr°F/fY [ 4 | | k
Y hr/yr B Il | k
AT °F [ C Il | °F
I R
3. |Any two of the following are entered [ | |
I inches [ A1l | [inches
$/10° BTU $ (o Il | §
$/inch ins. $ e Il ] $
I
4 Calculate [.*J [i,ij
I IA N RQ] inches
$/10° BTU | D I[R/S] $
$/inch ins. [ E J[R/S] $
]
5. |To begin new problem begin at step ? [ - ;l ';7777|
1L
L 10 ]
I
.
L]
L]
L]
(I
I
L 1]
I
LI ]
[ 1]
I
I
I
]
.
]
]
I




“Program Listing I

STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
861 wLELK 2111 ecr = -4
gaz 701 75 et gs8 8104 35 a4
a4 -5z -3 860 *LELE 21 15
gas G4 Const. 3.46 x 10 el STOV I ar Calculat
i i eb
eac a5 Bes R<& al
P -3 863 RCLZ? 36 8z
BES @z Beod RC_u 3& @5
gas =27 aes -35
gl F5 @6 Beé REL4 36 A4
8l 3 B! BE7 X -35
g1z 51 Calculate I 868 RCLZ 36 82
e17  F I Az 8ea f =33
815 FRL € @3 67@  RCLI 76 @l
gis ¥ -35 ari RCLS 3E B85S
G616 RCL4 35 6 ers € a6
817 by -35 8r32 ¥ -35
Big ‘CLS Je @5 6r4 + -85
gis ¥ -35 87 RCLE JE BE
B28  RCLT I a7 e 2 -24
Bzi : 24 ATy e 53
222 i3 54 27E * -24
177 ROLE 3£ as 8re  STOT 35 ar
o i -35 egee RTH 24
625 3 as
FZE RCLE I& @5
e _:,'l?.
- -45
sT0! IS @
33 RTH 24
331 xLELE 211z
83z &T02 35 Az
6332 R -71
24 ST0S 5 @5 090
R3S RTK 24
BZe xLBLC 2113
137 ST0Z2 35 8z
RIE& RTH 29
832 xLBLD 21 14
g4 ST04 I5 84
£41 Rs2 ol Calculate M
Aq2 RCLI 3 @il
343 RCLE 35 @5
44 & as 100
345 ¥ -325
a4e + -5&
847 RCLE JE @e
a4z = -2d
e He g3
(5] kOLE JE @z SET STATUS
aul RLLs _’Zi FLAGS TRIG DISP
e - il ON OFF
85 RCLZ Je @8z o O ® DEG K FIX @
gcs ¥ -35 110 10 @ GRAD O SCl
BES  RCLT € a7 2 0 | RAD O ENG?EJ
ase B -24 3 0™
) REGISTERS
0 " Ins 2 hrs/yr |2 AT “M 5k ® Const |” b 8 9
S0 X S2 S3 Sa S5 S6 S7 S8 S9
A C D E I
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Program Description |

~ 3 ] ™
Program Title Heat Transfer Through Composite Cylinders and Walls

Contributor's Name Hewlett-Packard

Address 1000 N.E. Circle Blvd.

City Corvallis State Oregon Zip Code 97330
.

-

Program Description, Equations, Variables
This program can be used to calculate the overall heat transfer coeffi-

cient for composite tubes and walls from individual section conduc-
tances and surface coefficients.

T

Figure 1.—Composite tube

Figure 2. —Composite wall

Operating Limits and Warnings

These equations are for steady state heat transfer through materials
with constant properties in all directions.

Inputs must start with the inside convective coefficient and work
out in the case of composite cylinders.

Zero is an invalid input for D, k, and h.

Dimensional consistency must be maintained.

This program has been verified only with respect to the numerical example given in Program Description /I. 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  Heat Transfer Through Composite Cylinders and Walls
Contributor's Name Hewlett-Packard I
Address 1000 N.E. Circle Blvd. , R ‘
City Corvallis State Oregon ZipCode 97330 .
N )
(~ )
Program Description, Equations, Variables
The overall heat transfer coefficient U is defined by: -
q/L=UAT
or -
q/A=UAT
where AT is the total temperature difference (T, - T;), q/L is the
heat transfer per unit length of pipe, and q/A is the heat transferper
unit area of wall.
For cylinders
U= 27
2 InD,/D; InD;/D, 2
+ + +...+
h,D, k, k, hp, Dy
For walls .
1
U =
1 X1 X2
—_—t—+ —+ ...t —
h, k, k; h, I
where ) )
h is the convective surface coefficient;
D, is the outside diameter of the annulus;
k is the conductive coefficient;
x is the thickness of a wall section. -
\. J
s
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.
NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
\_ J
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Program Deseription 11

Sketch(es)

rs
Sample Problem(s)

Example 1:

A steel pipe with an inside diameter of 4 inches and a thickness of
0.5 inches has a conductivity of 25 Btu/ft-hr-°F. Two inches of
asbestos (k =0.1 Btu/hr-ft-°F) enclose the pipe bringing the total
diameter to 9 inches. If the inside convective coefficient is 1000
Btu/hr-ft?-°F and the outside coefficient is 5 Btu/hr-ft*>-°F, what is
the overall heat transfer coefficient? What is the heat loss for 100
feet of pipe if AT is 115°F?

Keystrokes See Displayed
4 [#)12[F1000 @5[#) 12 (525 @9 [+]12[3]
%Y s EIDEHEEL A B C) —» 0.98
Btu/hr-ft-°F
115 (%] » 112.44
Btu/hr-ft
100 (x] » 11244.20
Btu/hr
Solution(s) Example 2:
A wall is composed of 1 foot of brick (k = 0.4 Btu/hr-ft-°F), and 1
inch of wood (k = 0.12 Btu/hr-ft-°F). The convective coefficient on
one side is 23 Btu/hr-ft>-°F. The convective coefficient of the other
side is S Btu/hr-ft?-°F. What is the overall coefficient? What is the
heat flux if the temperature difference is 70°F?
Keystrokes See Displayed
1Wos@ 1M 123.12823@5 B E>0.29
Btu/ft®-hr-°F
70(x] —» 20.36
L Btu/ft*-hr
Reference(s)




User Instructions

COMPOSITE CYLINDERS AND WALLS

x4k ]

E nrr:):thAnT D4k U h
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program ::
2 | For a composite wall go to l:]:]
step 9. :”:]
3 | Input the inner diameter Din I:] Din
4 | Input the inner convective I:”:)
coefficient hin : 2/hD
5 |Input next diameter value D [:I D
and corresponding coefficient korh I:j
6 |Go to step 5 for next surface |:][______]
or go to step 3 for outside ,::
surface™ |:I:l
7 |Calculate overall heat transfer :“:
coefficient :' u
8 |To calculate another overall [:[:
coefficient, go to step 2 l:]:]
9 |Input the coefficients for each :l:
section of the wall: ::
Convective coefficient h II]I:] 1/h
or length of conductive path X [:
and conductive coefficient k |:] x/k
10 |Go to step 9 for next input ™ :”:]
11 |Calculate overall heat transfer [:I:]
coefficient E:I U
12 |To calculate another overall :[:]

coefficient, go to step 2

I

* Press to restart a calculation.
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STEP KEYENTRY KEYCODE ~  COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
€81 %xLELR 21 11
pez Fi 16-24 Initialize
paz STOE 25 @e
864 CLY -51 00
ges ST08 i85 ag
]5]3 R -31
eev AT -41
BoE STGV 5 a7
pas AT -41
gl1e ETOR 22 11
811 %LBEL! 21 Al Idle
1z RTH 24
g1 xLELR 21 11 =
gif_ 1":& ';5 Add convective
e v factor
Ble 5T+& 35-55 @&
g17 RTK 24
gi& xLBLE 21 1z
g1e 17X az
Bz xa&Y -4]
B21 RCL? 38 arv
el & ~41 Add conductive
23 &TC? 35 ar
g2 - -7q factor 080
BzE LN 22
B2e ¥ =35
27 Z az
B2¢& = -24
28 §T-& 325-4% as
3@ G701 2z @il
£31 *LELC 21 13 Calculate U
32 RCLE 3& a8
837 1% 5z
B34 RCLE 35 @6 090
135 X -35
g3e& £T04 25 a4
PITT =l
;’:'Jt *ngg 2 Ij Add convective
p39 1 a1 factors
846 X3y -4]
B41 xLELE 21 15
a4z 1 al
a4z ST0E 25 @e
A44 cLx =51 100
g4s sT08 35 as
e4é R -3
Bq7 ETCE 22 15
848  xLELZ 21 az
f42 RTN 24 FLAGS SET STATUS
ega tLS'LE 21 15 . 0 FLAGS TRIG DISP
851 527 -41 | Add conductive 3 ON OFF
g5 = -&4 ~ factors 0o 0 K DEG & FIX £
B53 LELD 21 18| 2 1 0 ® | GRAD O | SCI 8
f54 178 52 ‘ 110 2 0 RAD O ENG
@55 ST+g 35-5% @c | ° 5 0 . n—2—
Ase G702 2z az 3
- REGISTERS
0 1 2 3 4 5 6 7 8 9
U 1 orm Used R
S0 S1 S2 33 Sa S5 S6 S7 S8 S9
A B C D E 1
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=
Program Title Steady State Conductive Heat Transfer, Heat Load and Logarithmic

Mean Temperature Difference
Contributor's Name  Hewlett-Packard

Address 1000 N.E. Circle Blvd.

City Corvallis state Oregon Zip Code 97330

\.

( )

Program Description, Equations, Variables
Given any Three variables

(Q,U, Adst ) OR (Q,W,Cp&At)

The Program Computes the Fourth Variables:

Q= UAAtm, u= Q , ... .. .. etc.
AAt
m
Q = WCpAt, c.= Q ,......etc
P Wt

Given Temperature Conditions

(TyaTos ty & ty), (t; & t)) or (T; &T

1 2)

The Program Computes:
at = b
OR m ]n(A?_/A)
1

At = (t2-t])’ (Tz'T])-

To combine these three basic heat transfer equations will increase the
flexibility and speed of heat transfer design.

Operating Limits and Warnings

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

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

Sketch(es) 1
T] E— ——-—9'T2
ty Y
A2 A]
r )
Sample Problem(s) Determine U of an existing exchanger for the following data
(Represented by the Above Sketch):
W = 247,000 1b per hr Flow Rate
Cp= 0.585 Btu/(1b) (°F) Heat Capacity of the Fluid
T1= 410°F Hot Inlet Temperature
T2= 150°F Hot Outlet Temperature
ti= 100°F Cold Inlet Temperature
t2= 347.5°F Cold Outlet Temperature
A = 9390 sq ft Heat Transfer Area
Solution(s)
Q = 37,568,700 Btu/hr Duty
Atm = 56°F Mean Temperature Difference
U = 71.42 Btu/(hr)(°F)(sq ft) Heat Transfer coefficient
Keystrokes: Output:
247000[B] 0.585[C] 410[ENT4+] 150[—] [D] O[A] 37568700(Q)
410[ENT+] 347.5[ENT4] 150[ENT4] 100[E] 56.02 (Atm)
[D] 9390[C] o[B] 71.42 (U)
\ _J
. : D
Reference(s) McAdams, W.H., Heat Transmission, McGraw-Hi1ll Book Co.
This program is a translation of the HP-65 Users' Library program #00648A
submitted by Yu Tsung Pet.
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SCr Instruetions
Steady State Conductive Heat Transfer, Heat Load and Log
{1 Mean Temperature Difference Z’
g UorW A or C
STEP INSTRUCTIONS DATAONITS KEYS DATAIUNITS
1. |Load program \:]:] E_jj
2. [Compute Q ] l,; |
Input U Btu/(hr)(°F)(sw ft) or W 1b/hr U or W [B ] fTJ UorW
Input A sq ft or C_ Btu/(1b)(°F) A or Cp [ ¢ Il ”J A or Cﬁ
Input At_ °F or At °F Atmor'At } D H - } &momt
2. |Compute U or W I [ |
Input Q Btu/hr A [ A ] | Q
Input A sq ft or C_ Btu/(1h)(°F) A orC lc Il 1 | Aorc,
Input At °F or At °F AT orat }D , H . } At orat
0 U or W
2. |Compute A or Cp [,f I |
Input Q Btu/hr Q LA I Q
Input U Btu/(hr)(°F)(sq ft) or W 1b/hr UorW N | UorW
Input At_ °F or At °F at orat | LDl ] jatgor At
o Ilc | | Aor C,
! I |
2. |Compute tm or t { N |
Input Q Btu/hr Q [ A H I Q
Input U Btu/(hr)(°F)(sq ft) or W 1b/hr U or W '8 Il | | uorw
Input A sq ft or CBtu/(1b)(°F) or ¢ { c H { A or C,
0 D At_or At
\ [ i
(R N
3. [Compute At _or At from T.,T., t & t
T, moT, e e T, IR . T,
t,', t: t, [ + ] l I +
‘ ' Tzoré‘ t, [+ ] | Tzoé ts
tior t, [ E ]I | At or At
| I |
[
(R B .
I N
I .
[ .
I
I I
[ N
L]
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
B! XLELA 71 11 857 *LELE 21 an
EBZ & as Compute the Q 158 -45
BEZ sV -4 pSg 1 16-21
B4 KEYD 1E-32 pEm K=Y" 1e-33 |t = 4
B85 G701 2F 81 BEl RS 51 Tt =
8B ROLZ 3 82 BEZ  NEYT 16-35 7Y T A
pa7  RCLZ 7€ a3 g6z N2 -41
gBE  RCL4 I @4 B64  STOS 35 a5 A, = Ay = AL,
Beg 5 -35 BES  STOE 35 86
810 % 75 B6E R -31
g1l STCI 75 a1 g67  ST-5 35-45 @5
B1Z  RTN 24 BES  ST=6 3I5-24 @c
813 LELE 2117 BES  RCLS 76 @5
214 @ an Compute the U or W 876 RCLE I a6
B1S 83 -a1 871 LK a2
BIE  S#Y2 16-37 Br2 : -24
BI7  ET0Z 27 @z 87z ST04 5 84
P16 RCLI 3 @l avd  RTN Y
819 RCLZ 35 @3 75 KLEL! 21 ai
az8  RCL4 36 @4 B7E  STOI 35 61
Bz1 x -35 77 RS 51
B22 : 74 878 XLELZ 21 a2
23 sTOP 35 @z B7e  STO0Z 75 Az
824 RTN 24 pea RS 51
25 XLBELC 21 13 Compute the A or C pE1  XLBELZ 21 a3
126 g a . pez sTO3 75 63
27 sy 41 peZ RS 51
23 KEYT 16-32 R84  LEL4 21 64
823 6703 22 @z ges  STO4 75 a4
p3@  RCLI 7€ @l BEE RS 51
871 RCL? 76 67
p32 RCL4 3 a4
£33 % -35
B34 < -24 090
135 ST03 35 a3
2 RTN 24
837 LBLLD 211
B3E 8 an Compute Atm or At
@ N Y
p4E  NFEVE 16-32
B4l ET04 27 @4
p42  RCLI 3 8
842 RCLZ 36 82
p44  RCLZ 35 83 —
B45 x -35
P46 : -4
p47  STO04 75 a4
243 RTN 24
849 sLBLE 21 15
AS@E _ -45 Compute Atm or At SETSTATUS
c , -39
géé ‘f’:i 15-::&- from T1’T2’t1 or t, FLAGS TRIG DISP
53 ET0@ £z aa o D™ | oea FIX K
€3 Rt 16-31 10 1 0O®| GraDO | sci O
RSS ST04 75 a4 2 0 K RAD O ENG O
BSE  RTN 24 3 0 i n
REGISTERS
0 1 2 3 4 5 6 7 8 9
Q U,W ALC, Bt At ¥ b
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A C D E I
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Program Desecription |

(" )
Program Title Sun Altitude, Azimuth, Solar Pond Absorption

Contributor’'s Name Hewlett-Packard

Address 1000 N.E. Circle Blvd.

City Corvallis State  Oregon Zip Code 97330

\_

~ ~

Program Description, Equations, Variables
Given: Index of refraction of pond fluid; latitude; number of days after

spring equinox, and number of hours before or after solar noon;
the program computes: the sun's altitude h.
h = sin'](cos 1 cos d cos t + sin 1 sin d)

1 - Tatitude in decimal degrees
d = sun's declination = 23.45 sin D

D = (no. of days after spring equinox)(0.9856 99%5595)
t = (no. of hours before or after solar noon);

the sun's azimuth A.

_ -1, cos i sin1 - sind
A= cos cos 1 sin i )
i=290- h;
the fraction of solar radiation striking the pond surface
which will penetrate the pond surface, E,
Fraction E = 2n(a2 + b2) cos i cos r
_ 1 . =T,sin i
8 = o5 v + ncos 7 Where r - sin ( n )
b = ]

cos i + ncos r
n = index of refraction of pond fluid
(refs: Smithsonian Physical Tables, 9th rev. Ed. & Weinberger, H., Solar energy,v8
1954 (p 729) 1964 (pp 45-56)

OPERATING LIMITS AND WARNINGS
Does not compute azimuth at latitude of 90 degrees.

N2,

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

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

MATERIAL.

\ _/
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Program Desecription 11

rSketch(es) SuN w
~——

\_

— )

Sample Problem(s)

Find the sun's altitude, azimuth, and the fraction of the sun's radiation which will
penetrate the surface of a solar pond under the following circumstances:

Index of refraction of pond fluid n = 1.33

Latitude 1 = 46.00

Days after spring equinox = 68

Hours before solar noon = 4

Solution(s)

h = 35.99 degrees

A = 84.41 degrees
E=0.96
Keystrokes: Outputs:
23.45[STO][1] .9856[STO][2] 1.33[STO][3]
46[A] 68[B] 4[C] =====mmm e e > 35.99
[R/S] == mm e e e e e > 84.41
\,[R/S] ------------------------------------------------ > 0.96 y
(
Reference(s)

Smithsonian Physical Tables, 9th rev. Ed., 1954, (p 729)

Weinberger, H., Solar Energy, vol 8, no. 2, 1964 (pp 45-56)

This program is a translation of the HP-65 Users' Library program #00683A
submitted by Robert J. Zaworski.




User Instruetions

Sun Altitude, Azimuth, Solar Pond Absorption

LAT DAYS HRS

INSTRUCTIONS

INPUT

OUTPUT

DATA/UNITS DATA/UNITS
Enter program [:::j Lf___
Introduce constants 23.45 EDIL]
0.9856 (st ][

n STO
Input latitude (0 to 90) in decimal degrees latitude A 1
Input numberof days (0 to 365) after Spring days B d
Equinox
Input number of hours (0 to 12) before or C h
after solar noon, and compute-altitude -
Compute azimuth R/S A
Compute the fraction of solar rediation R/S E

striking the pond surface which will penetrate

[or M

+hn

Do
CHC—pPU
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30 ,
erene WEV ENTRY KFY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
681 xLEL#A Z1 11 f? GSEE 27 1§
bes  Lls e A58 RCLE 3 @6
ges  sTCE 92 @4 lcos 1 in 4 @53 RCLT 36 @7
g4 LSTX 16763 pée  RCLI 36 @3
ees  RT: . o3 stops with latitude Ber  GSBE 23 15
BES xLBLE 2112 in x BE> " -55
eer  RLLS Je bz BEZ  RCLI I @3
aes : ~33 ae4 ¥ -35
BES SIN 41 ges 2 az
g1 RCLI 7 @l s _zs
111 S -35 Be7  RCLe & @6
g1z €70 35 85 d in 5 GEL u -35
g3 J 24 G re I [T
Py *ng'g 2y {7 |stops with decl.in x gfg REL: ‘t‘_g;:_l
€15 I 81 871 RTN 24
615 S 8: . er2 slELD 21 14
g1v X -35 673 Cos” 15 42
gie  LOS 4z avde SN 41
g18  ETGE i5 asg avs RTH 24
éze  RCL4 It 84 a7¢ *LELE 21 15
ezl o ~33 ery -35
22 RCLS 35 @S are ¢ 5%
o3 L8 3 879 ENTY -1
a4 i’ ~43 886 x -35
125 RCL4 JE a4 8si1 1.3 52
126 BSBL XA L 367 RTH =4
27 RCLE  Z€ @3 gex koo 5
28 SIK 41
S 35 av
036 % -35
631 + -55
832 &T0e 35 @ec
@iz SIN- 16 41 : .
914 P 51 Stops with alt. inx _
B35 RCLe J& @ac
@36 RCLY4 36 84
837 GSEC 23 14
ez8 -35
838 RCLV 3 @7
648 - -4
@41 RCL4 76 @4
042 : -74
843 PRCLe J& 86
844  GSED 27 14
845 3 -24 100
a4c  COS- 15 42
847 R-C 51 Stops with azimuth
@48 RCLE I6 e n x
049  ESBLD 27 14
Pf? RCLS 36 @3 SET STATUS
35 : -24
g2 SIN 1€ 41 FLAGS TRIG DISP
e o - ON OFF
o5 s0r 3 o . N P
- ~ a cos r in 7 110 1 0 X GRAD O sci O
@SS RCLE 7€ 8g > 0O x| rap O | ENG O
8¢ RCLZ JE 83 3 0O X n—2
: neelsrsnsd
0 ! 20.9856 [3n (Tndex|s 5 7 E 9
23.45 l4eq/day |of refracl ©°5 ' ldeclinatiof ©0S 1 |[Sind/cosy cos t
SO St S2 S3 S4 S5 S6 S7 S8 S9
A C D E I
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Program Desecription |
~ )
Program Title Total Daily Amount of Solar Radiation

Contributor's Name Hewlett-Packard

Address ]000 N.E. CirC]e B]Vd.

City Corvallis stata Oregon ZipCode 9733 J
_

=

Program Description, Equations, Variables This program determines the total amount of solar
radiation received by a horizonatal surface of unit area during one calendar day.

The result is expressed as equivalent hours of direct sunshine if sun were
stationary and directly overhead. Also computes length of daylight and
accumulates total radiation in R7 for succesive calculations. Input variables
are latitude, L, suns declineation (from nautical almanac) in decimal degrees.

Day Length = 24 6/m , 6 expressed in radians

® = Arc cos (-sin L Sin D/cos L cos D)
Total Radiation = 2% sin H do
0

= (sin L sin D) 6 + cos L cos D sin ©

Operating Limits and Warnings
North latitudes and declinations are entered as positive values south as
negative values.

The value 90-L+D must be greater than zero.

\VEquations assume surface level with horizon and ignores atmospheric refraction and )

assume cloudiess Sky.

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

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

rSketch(es) /'\ /—\\ w
1.00 0.6366 n
Sample (1) l Area = 7.63944
' 12 hrs
6:00am 9:00am 12:00 3:00pm 6:00pm
\_
— )
Sample Problem(s)
(1) Equator, March 21 L =0, D=0
(2) North Pole, June 21, L = 90°, D = +23.45°
(3) Cupertino, CA 95014, September 15, 1974
L = 37.32°, Dec = +2.93°
Solution(s)
(1) DHY length = 12.00 hrs Total Rad = 7.6394 hrs
(2) " = 24.00 " " " = 9,5508
(3) " " = 12 hrs, 17 min, 53 sec. Total Rad = 6.4439
Keystrokes: Outputs:
(1) O[E] O[A] O[B] =----mmmmmmmm e 12.0000
(O B e T u——— 7.6394
(2) O[E] 90[A] 23.45[B] ------mmmmmmmmmmeeo 24.0000
Cl - - 9.5508
(3) O[E] 37.32[A] 2.93[B] =--=mmmmmmmmmmmeee 12.1753
[C] —-ooomm oo 64439 J
7
Reference(s)
(1) The Nautical Alamanac, U.S. Naval Observatory Purchase from Superintent of
Documents, Washington D.C., 20402.
(2) American Practical Navigation, Bowditch U.S. Naval Oceanographic Office, pg 531,
Also chapter XIV.
(3) Britannica Atlas
L This program is a translation of the HP-65 Users' Library program 00996A y

submitted by Robert B. Egbert.



User Instructions 3

Total Daily Solar Rad

STEP INSTRUCTIONS DA#\?S?IITS KEYS D;?T%S:rts
1. | Read Card [ ] [73
2.0 R7 0.00 E L 0.00
3. | Input latitude °N + | AT _°N A |%_J] LAT (+)
or °S - LAT °S CHSI[A | | " (-)
4, | Input suns declination °N + DEC °N [,,B I 77] HOURS
or o5 _ DEC_°S. [ CHSJ[B | |payiigHT
5. | Compute total rad = 2[° sin Hdo [ ¢ Il | [roTAL RAD
U I
[ | | HRS
To obtain total radiation for a number of days [ || |
n (up to May of 365), repeat steps and 5. | I |
| |
6. | Total radiation for N days | D || | | z"TOoT RAD
| |
l N |
I | |
TABLE OF SUNS DECLINEATION (DECIMAL DEGREES) I N .
DATE DEC DATE DEC  DATE  DEC T
Jan 1 -23.00 May 7 16.85 Sep 3 7.30 l I |
8 -22.38 14 18.67 10 4.88 [ |[ ]
5 =2T1.08 2T 20,22 17— +2.20 | T
22 —19.63 28 —21.48 24 0,50
29 -17.88 June4 22.45 Oct 1 -3.24 | N
Feb 5 -15.87 11 23.10 8 -5.94 | ][ ]
12 -13.63 18 7 23.382 15 -8.57 l H l
19— 1122 25234022 1110
26 - 8.75 July?  23.05 29 -13.50 R N .
Mar 5 - 6.00 9 22.35 Nov 5 -15.72 [ ][ ]
12 - .77 16~ 21.35 2 =-17.78 l H ]
Ho—~A56 23 —26-065 19 1956
26+ 2.27 30 18.48 26 -20.97 | ] |
Apr 5 5.00 Aug 6 16.66 Dec 3 -22.09 [ | |
9 7.63 13 T14.63 10 -22.93 I H |
16 H7 20 1246 H—=2336
23 12.58 27 10.00 24 -23.42 I N .
30 14.R2 31 -23.09 [ ]l |
l N |
l | | |
| | |
I | |
I | |
| |l |
l | |
| | | |
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34
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
. - ) 857 ENTY -21
§ L ELAR z cc T - i
ggé ,E,?F'n.; —Gf? ;.14 Enter latitude & EEE'E EC!; ¥ Ei,;_-
687 ST01 75 a1 store in R-1 gas ~o3
= . ged  STOV I3 @7
064 RS 51 s el o
665 *LBLE 21 12 =1 _
8es  STCZ 5 az Enter sums dec- gec k< _ 51 |Display sums
@a7  DEG 16-21 Tination and compute g'i:; *’gﬁi{ <1 14 accumulated in R-7
868  RCLI 7 a1 no. of hours of nes P =
gas  SIN 41 sunshine et alBLE 21 1% _
818 RCLZ JE az Gc’-“-’ ‘ a < @'é Stores zero in R-7
811 SIN 41 ges  <T07 2= g7 for new series of
a1z -35 gea  poo sy calculations
@13 8763 35 a3 67 tLE‘ELL' 2 B Limits of integra-
814  RCLI 6 @l 671 2 ooz tion for midnight
a5 cos 42 o= 4 4 s or case
@16  RCLE 3 B Pl -
@17 cos 4z oy pos a8
818 -35 4 o1
819 ST04 35 a4
2B KEYD 16-35 This takes care of
821  ETO! 27 al midnight sun
22 RCLS 36 @3
822 RCL4 JE 84 555
8z4 = -24
8235 CHE =22
26  CO0Ss 1€ 42
828 e Converts degrees
gra s as (8) to length of
a38 - Y day in hr, min,sec
as1 ET0S 35 85
32 *HMS 1¢ 35
127 RS 51
834 #LELL 21 13 o is converted to |—
835  RCLS 36 @5 radians to perform
63¢ Fi Te-29 the integration &
s ‘35 result is converted
270 p oy to hours
648 < -24
641 STOE 29 ae
842 RAL 16-22
843 RCL3 Je @2
@44  RCLE 36 @ 100
645 S -35
848 RCL4 3& B4
847  RCLE I6 B&
848 SIN 31
0439 -35
858 + -55 SET STATUS
351 2 az FLAGS TRIG DISP
652 4 a4 ON OFF
853 ¥ -35 _ o0 ®| DEG K | FIX %
- : - 1 0 X | GRAD O | scI
ggé ’:' 1b_§.§ > 0 X | RAD O | ENG O
856  ENT? -2l 2 0 X —2—
0 1 2 351n Lx |4 cosﬁf)?lssTZ%?lsllRSO 6 7 8 9
LAT  [DEC OFSUN® 37 5" | cos D | SUNSHINE|o RADIANG Z/SinHd®
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A C D E I
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35

~
Program Title Temperature or Concentration Profile For A Semi-Infinite Solid
Contributor's Name Hewlett-Packard .
Address 1000 N.E. Circle Blvd. ]

City Corvallis state Oregon  ZipCode 97330
\
( )
Program Description, Equations, Variables —
Many physical situations in heat and mass transfer may be solved
within engineering tolerances by assuming an infinite geometry.
T.
(C.)
Profile at t —
Figure 1. T
In Figure 1 an infinitely thick wall initially at temperature Ty or
concentration C, is subject to a constant surface potential T or Cs.
At a later time t, the internal profile will have been altered by the
transport of heat or mass. This program computes values of temper- —
ature T or concentration C at time t for specified distances x from
the outer surface.
. - . This solution is exact for infinite configurations with constant cross
Operating Limits and Warnings sectional areas. However, finite geometries where the argument of the
error function is greater than two will yield little or no error. This
means transfer in finite bodies such as plates may be predicted until
the effects of the step are felt on the far side. Also, geometries such -
as cylinders may be studied if the depth of penetration is small o
compared to the radius.
The routine used by this program will resolve error functions with
arguments less than 4.5. For larger arguments, the value of the error

\ function is set to 1.0.

( N\
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.
NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

. J
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( . .. .
Program Title Temperature or Concentration Profile For A Semi- Infinite Solid

Contributor's Name  Hewlett-Packard
Address 1000 N.E. Circle Blvd.

City Corvallis state Oregon Zip Code 97330
\_
( )
Program Description, Equations, Variables
Equations:
*
T =(To - Ty) erf X - +T,
2 —t
PCp
where

k is thermal conductivity of the material;
p is the density of the material;
cp is the specific heat of the material;

k/pcp is also known as the diffusivity of heat a.

Similarly, for mass transfer

*
X
C=(Co - Cy) erf +Cq
; 2/Dt

where
D is the mass diffusivity.

*erf is the error function.

Operating Limits and Warnings

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

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

SN

Example 1:

A large steel transmission shaft is case hardened by diffusion of
carbon. The initial carbon concentration is 0.10% and the surface
concentration is brought to 1.20% almost instantly. What is the
carbon concentration at 1.0 mm (1 x 107* m) after 15 hours (54000
seconds), if the diffusivity of carbon in steel is taken to be
1.6 x 107" m?/s?

Keystrokes See Displayed
1.6 [Eex] [cus]11[+] 1(+] 1 [} 1.2 (] .1 &) 54000

(Eex] k] D | > 0.59%
Example 2:

A furnace wall is at a constant SS°F. When the furnace is turned on
the inside wall temperature is raised to 2000°F. How long will it take
to raise the outside wall temperature 1°F?

k = 0.67 Btu/hr-ft-°F

Thickness = 1.5 feet

c=0.2 Btu/lb °F

p =150 Ib/ft3

Keystrokes See Displayed

An iterative solution is required since t is not a program output.
Guess 5.0 hours for t.

.67(4]150[+].2[[§2000(+)55 1 5 @ 1.5 — 57.92°F
Guess 4.0

Noting that x is stored in register 8.

4.0 [red (8] B3

Guess 4.2

42@(rel (8] E

Guess 4.18

418 [reL] (8] B

Noting that t is stored in register 7.

(t] [sHMs » ~4 hr. 10 min.

\J

55.75°F

56.04°F

\

56.01°F

Y




User Instruections

SEMI-INFINITE SOLID
k4 P4C, Ts#T,
S 44 (cotcy) t x+T(C) aserf(a)

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program :l___—'
2 To compute the error function l:“—_—l
of an argument go to step 8. [:]:
3 |Input: 11
Conductivity k L] K
then density P : P
then specific heat cp a1 1] «
or heat (or mass) diffusivity «o ([t 11 «m
then 1.00 1 (1| 100
then 1.00 1 LA Il 1 am
4 |Input: C 1]
Surface temperature (con- l:”::‘
centration) (N I | N | I AT
then initial temperature {:]:I
(concentration) Tolco) [ B ]| Ts(cy
5 Input time t I: t
6 |Input distance from surface [0 ]
and calculate temperature C 11
or concentration X El:l T(C)
7 For new case go to step 2, 3, or |:”:]
4 and change inputs. For new 1]
time go to step 5. For new x go I::
to step 6. |:”:]
8 Input argument and compute |___]:]
error function a Ce 0 et




e~ Program Listing 1

STEP  KEYENTRY  KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
86! «LELA 2111 857 + -5S
aaz X =35 858 xxEY? 1£-32
083 - -54 Store constants as @53 £T0! 22 @y
gg4  STOE I5 86 aorD aco 2 a2
aas RTH 249 gel ¥ -35
86  xLBLE 21 1: A BE2 Fi 16-24
a7 S04 75 G4 Store concentrations 063 Ty 54
ags MY -41 or temperatures 864 g -24
age sT0S 25 @85 AES RCLZ 36 @z
g1a RTH 24 (5133 2 az
611 xLELC 21 13 8&7v < -24
g12  £T07 75 &7 Store time acs e* 33
gi3 ETH 24 859 = -24
614 xLEBLD 21 14 g-a RTN 29
815 £TQ0E 25 as 871 xLBLB 21 ae
Big 2 az AT 1 al
817 2 -2 873 RN 24
818 RECLE JE Be Calculate temp. or
618  RCLV JE 87 concentration givenx
pze = -35
12 1 Is 54
fz2 z =24
123 GSEE 22 15
824 RCL4 35 @4 080
25 RCLE 36 @5
628 - -45
azv b -35
828 RCLS JE @5
629 + -55
838 RTH 24
831 *LELE 21 15
62z STGI 35 @1
f33 4 a4
834 . -62 090
) s as
636 H<vT 16-35
B37 ETOE 25 @@
a8 Ri -31
iZ9 EHT? =21
a4 k4 -35
641 Z az
842 -35
643 €102 25 @z
844 1 al 100
845 £T02 35 az
A48 RCL! 76 al
33"3 ‘;gté ;5 8‘1: Eva]ugte the error
849 RCLZ 36 a3 |function
asa 2 az SET STATUS
es1 -+ L9 FLAGS TRIG DISP
5: ':TOJ' 25 82 ON OFF
As3 : -24 o O K DEG K FIX &
854 RCLI 3¢ a1 110 1 0 K| GRAD O scl O
BS__ ® _35 2 0O ;] RAD O ENG a
p5¢  STO! 35 @l 3 O § n_2
REGISTERS
0 Part. Sum |? 2a2 Son+ 1 [*To(Co) IP TS(CS) ® Tt ® X VUsed
S0 X S2 S3 Sa S5 S6 S7 S8 S9
A c o !
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Program Description |

Transient Temperature Distribution In A Semi-Infinite Solid With

~
Program Title
Convection Boundary Condition

Hewlett-Packard
1000 N.E. Circle Blvd.
Corvallis state Oregon Zip Code 97330

Contributor’s Name
Address
City

\
s D
Program Description, Equations, Variables

Given the data set:

= Depth from surface

= Thermal diffusivity
Thermal conductivity

= Heat transfer coefficient

D T X LR X
]

= Time

The program computes the fo11oging factor x
-z hx | h%ab X
x = ERF 22;¥¥=+ [EXP ( K + —17—-)][ 1 - ERF ( 578

+ b8y

where ERF
EXP = Exponential
The user must then manually compute the desired temperature T(x,6),

Error function

according to:
T(x,8) = Tm + (Ti - Tm)li
Sink temperature

where T
9]

T.
j

]

Initial solid temperature

Operating Limits and Warnings

\_ J

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

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

\ _/
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Program Desecription 11

Sketch(es)

\_ —/

Sample Problem(s)
For the data set:

10-2cm.

10" Tem.
7.141 x 10'3 cm2 sec']
6.322 x 1073

6.0 x 107!

cal cm-] sec 0C

cal cm'2 sec'] OC-1

o X L O X
1]

Solution(s) he program computes the value:
x = 0.3973
for Ti = 1050°C and T_ = 450°C
T(x,8) = T+ (T.-T,) X = 688.40°C

Keystrokes: Outputs:

TLEEXJLCHS] 2[STO][4] 1[EEXI[CHS] 1[STO][5] 7.141[EEX][CHS] 3[STO1[6]
6[EEXILCHS] 1[STO] [7] 6.322[EEX][CHS] 3[STO1[8]

[AJ[BI[CI[D] ==m=mmmmm e m oo > 0.3973
 TO50[ENT+] 450[-][x] 450[+] ===-mmmomcmmmmmmcmcemeee e >688. 40 y

7

Reference(s)

Hockman, J.P. Heat Transfer Third Edition pgs. 91-96 McGraw Hill, 1972

This program is a translation of the HP-65 Users' Library program #01472A

submitted by John S. Wasylyr.




User Instruections

STEP INSTRUCTIONS b A'T'ﬂ,’;”s KEYS b lefAT/SﬂITTs
1. |Load program (I
L JL ]
2. |Enter data X [sTo | [%T,,l
— -
3. |Enter data 0 [,S,TQ] [ 5 |
4. |Enter data o [ ST (_),j] [£J
I
5. |Enter data h [STO|[ 7 |
[ -
6. |Enter data k WL | Li:]
0]
7. |Press A ][] pee 1 belo
. AT
Q. FC : ] [ ,,;:] 3 "
10. (o I | X
11. |Enter (T,-T ) (Ty-T) | T ]
T ]
12, |Press [ T,] [7;]
L]
13. |Enter T_ T I
I
14. |Press L+ I 1 [ T(x,8)
-~
For new case, go to step ? [ 77;] [J
(I
1. Calculates [ 1 ]
X L]
2. Calculates ERF(Z/{E e 10 ]
e
3. Calculates & Stores: | L,,]

x_ , h/oo

R8 = FRFC (

2
EXP ( {?S + OO

X
ERF ( >7= ) in stack

mim
|1
L]

N
L

|

""Ti‘”
R
| \1 ‘
.

sininininininininls
BiniEEIni..
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
681 xLBLE 2111 957 %LBLC 71 13 Calc
gaz  RCLE IE Ag gss 1 @i ERFC( s thg)
@83  ST:7  35-25 a7 _ BSS  N2Y -41 m T
664 RCLE M (h/k) Sto R-7 a6e - -45 2/ab
fas  STxS5 35-35 @5 Calc (a8) Sto R-5 @61 STOS 35 as Store R-8
RBE  RCL4 36 @4 @62 RCLT 3¢ 87
geT  RCLT 35 67 863 RCLS 36 @5
pag ¥ -3s BE4 T 54
pas  ST06 35 @ calc (hx/k) Sto R-6 BES x -35
@18  RCL4 IE 84 gee §e 53 2
811 : 8z 867 RCLE 36 @6 Cagﬁp(%%.+ ﬂiég)
g1z z -24 aes + -55
313 RCLS 7€ 85 pes e* 33
814 I 54 BFE  RCLE 3¢ a8 Calc (EXP)(ERFC)
B1s z -24 a7l X =35 Sto R-8
@1 ST04 35 @4 Calc (4/2/aB) StoR4 @72  §T08 35 as X
@17 FCLT IE Ay 73 RCL4 36 a4 Calc. ERF (70—
@18  RCLS 35 @5 @T4  GTOE 2z 17 2vab
p13 N 54 7S RIN z
ace X -35 BT xLBLD 21 14
821 + -55 Calc (x/2/06 + h/ab/)) 877  RCLE 3¢ ag |Calc
A22 RTHN 24 Bre + -55 ERF + (EXP)(ERFC)
327 *LBLE 21 12 @re  RTN 2
24 ST0L 35 @l 080 -
225 ENTt -21 Calc s
26 X -35 06
327 2 N L Y T Y
128 X -35
@23 STOZ 75 a2
636 ! I3
pI1  STOZ 35 &3
32 RCL! 36 @i
877 xLBL! 21 af
B34  ROLZ 36 a2 090
835 RCLZ 36 @3
B3 2 az
837 + -55
g3&  ST03 35 a3
139 z -24
a48  RCLI 26 al
841 X -35
@42 STO! 5 gl
p43 + -55
B44  NEYT 1€-32 700
@45  ETO! 22 ai
g4é 2 6z
g47 X -35
p4c Fi 16-24
g4 I o4
@sa  RCLZ 36 Az SET STATUS
i i e az FLAGS TRIG DISP
g3z : -2 ON OFF
853 ¥ a3 o O ™ DEG X FIX X
RE4 -35 110 1 0 R GRAD O sclI O
i) = -4 2 0 R RAD O ENG4D
BSE  RTN 24 3 0 & n
REGISTERS
0 " Used [*> Used |° Used [* «x 5 a 6 o " h 8 x % Used
SO S S2 S3 S4 S5 S6 S7 S8 S9
A C D 1
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Program Description |

s . )

Program Title Conservation of Energy
Contributor's Name Hewlett-Packard i

Address 1000 N.E. Circle Blvd. E— :

City Corvallis state  Oregon_ Zip Code - 97330
\ J
- )

Program Description, Equations, Variables

These cards convert kinetic energy, potential energy and pressure-
volume work to energy. Card 1 is for English untis while Card 2
is for SI or metric units. Energy is stored as a run-
ning total. When a zero is displayed, pressing the 0.8.0:3 h
keys will cause the running total to be converted to an equivalent
velocity, height, pressure or energy per unit mass. The cards may be
used in a large number of fluid flow problems, where velocity, eleva- )
tion and pressure change along the path of flow.
Operating Limits and Warnings
Downstream values should be input as negatives. However, when an
output is called for, the calculator displays the relative value with no
regard to upstream or downstream location.
Flashing zeros will result when the total energy sum stored in register
8 is negative and an attempt is made to calculate velocity. i
\_ J
7

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

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

_/
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N
Program Title CONSERVATION OF ENERGY
Contributor’'s Name Hewlett-Packard
Address 1000 N.E. Circle Blvd. )
City Corvallis State Oregon Zip Code 97330 _
\ J
( )
Program Description, Equations, Variables
vi? P, E, V22 P, E,
— tgz t— +— = +gz, + — +
2 m P m
where
v is the fluid velocity;
z is the height above a reference datum;
P is the pressure;
E is an energy term which could represent inputs of work or
friction loses (negative value);
g is the acceleration of gravity;
p is the fluid density;
m is the mass flow rate (assumed to be unity);
subscripts 1 and 2 refer to upstream and downstream
values respectively.
Operating Limits and Warnings
L J
e )
This program has been verified only with respect to the numerical example given in Program Description /l. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.
NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL. J
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Program Deseription 11

ﬁ .
Sketch(es)

X

\

~
Sample Problem(s)

Example 1:

A water tower is 100 feet high. What is the zero flow rate pressure at
the base? The density of water is 62.4 1b/ft3.

Keystrokes See Displayed
Using card 1
62.4 [J100 3 B » 43.33 psig

If water is flowing out of the tower at a velocity of 10 ft/sec, what is
the static pressure?

10/cs @A —> 42.66 psig

What is the maximum frictionless flow velocity which could be
achieved with the 100 foot tower?

624100 B » 80.21 ft/sec

If 10000 pounds of water are pumped to the top of the tower every
hour, at a velocity of 20 ft/sec, with a frictional pressure drop of 2
psi, how much power is needed at the pump?

62402082008 3 > 0.14 Btu/lb ]
Solution(s) 10000 [x] —> 1424.29
(Btu/hr)
\
. )
Reference(s)
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Sketch(es) S — 7-_,—___.7
_J
-
Sample Problem(s) )
Example 2:
An incompressible fluid (p = 735 kg/m?) flows through the conver-
ging passage of Figure 1. At point 1 the velocity is 3 m/s and at
point 2 the velocity is 15 m/s. The elevation difference between
points 1 and 2 is 3.7 meters. Assuming frictionless flow, what is the
static pressure difference between points 1 and 2?
Figure 1.
Solution(s)
K
eystrokes See Displayed
Using card 2
735@3@3 7@ 1scs B B -52710.82
(Nt/m?)
L
J
e
Reference(s) h
\
,
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Sketch(es)

\

—

Sample Problem(s)

Example 3:

A reservoir’s level is 25 meters above the discharge pond. Assuming
85% power generation efficiency, how much power can be generated
with a flow rate of 20 m3/s?

p = 1000 kg/m3

Keystrokes See Displayed

Using card 2

o023 3 > 245,17
(joule/kg)

.85 [x] —» 208.39
(joule/kg)

20 (4] 1000 [x] » 20000 (kg/s)

(x] > 4167826.25

(watts)

Solution(s)
L J
7

Reference(s)
Y _J




User Instruetions

CONSERVATION OF ENERGY-ENGLISH
[ P(START) 7 M 13
B (b/m3)  (fsec) (ft) (psi)

(B%u) J

CONSERVATION OF ENERGY-SI

m P(START) ¥
(kg/m3) (m/s)

v
(:1) (N}nﬂ)

v
(Jﬁtg)

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 For English units (pounds, feet, I:”:‘
seconds, Btus), enter :I:
Card 1. for Sl units L____|:|
(kilograms, meters, seconds, I:I:'
watts), enter Card 2 [:]:]
2 Input fluid density p |:| g
3 Input the following (negative [:]:
values are downstream values): :”:
Fluid velocity v (s 11 0.00
Height from reference datum z |:_I 0.00
Pressure P [I]:] 0.00
Energy input E l: 0.00
4 Repeat step 3 for all input l:”__——_—]
values El:l
5 Calculate the unknown: :”:]
Fluid velocity 0.00 (s [ 1] v
Height from reference datum 0.00 [:] z
Pressure 0.00 [__-5_——]: P
Energy 0.00 [____] E
6 For new case go to step 2, or :I:]
store 0.00 in register 8 and go [:E
to step 3. [—__:“::]

49



50

STEP

eal
ges
Bez
ag4
ees
gec
gar
5
ges
B1E
el
g1z
813
B14
g1s

KEY ENTRY

*LELA

L Rt I L

(2]
-—
(]
Py Co) €0 Ty b w

KEY CODE
g1 11
5 a4
-51
35 a3
@7
a7
,:x

L]
L

O P D G o) Pl e P O O O Ry O O O D X T, O

[ N e N T, [~

97 Program Listing |

COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
gav  ETOl 22 81
gze  RCLE 36 @&
a8 J& @7

Store p and
constants

ge@
Bel
ges
fes
ecs
Bes
peé
Bev
ped
Be8
ere
871

CL7
RCL4
kRCLE

RTN
*LELE
ENT?
RCLS

RCLe

-24
3& 04
-35
36 86
-24
24
21 18
-21
36 a5
-35
36 @6
-35

gle ara e ae Energy

817 SToe 3s 873 XEY? 16-32

118 RTH d S ETC! 2z 81

815 xLELE 21z avs RCLE 3& a8

28 ENT? -21 BYE RCLE J& a5

121 AES 1€ 21 Ve]oc'ity Brv = -24

gz2 ® =35 pre RCLe 36 @s

tz2 z z Bra 2 -24

B24 = -24 BeE RTN 24

125 & a 881 xLBL! 21 a1

BZE AEYS 16-3= Be: R -3

27 ET0L 2z al Ag7  ST+& 325-55 @8 Summation

A28 RCLE 26 @8 BE4 a aa

223 z az B85 RTN 24

B3E X -Z5

B31 48 54

B22 RTH 24

B3Z xLBLC 21 13

B34 ENT?T =21 090

R35 oLe JE @8

gIe ¥ -35

Bav a aa Height

138 NEY? 16-32

ki 5TC1 25 @l

B4a rCLE & B/E

341 FCLE JE @8

842 : -24

43 RTN 24

44 xLELD J1 14 100

B45  ENT? -21

B4E ! @1

847 4 a4

a4s 4 A4

g49 sST07 35 @7

ESE ¥ -35

a5l ECLY IE& A4

jc = - ey Pressure

BS2 RCLE I @6

aSdq ® -35 110

BSS an

BSE HEYT 16-32

REGISTERS
0 1 2 3 4 5 6 7 8 9
778.16 g 144 tE Used

S0 X S2 S3 S4 S5 S6 S7 S8 S9
A C D E 1
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STEP KEY ENTRY COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

" ee: xLBLE 857 re 31 :

06 ST04 | 858 ST+8 35-55 66 Summation

BEz cLy Store  and gravity P59 I aa

#as sT08 constant aca RTN 24

ges o

BBE .

Berv &

BBe g

pes &

B1& &

a1l S

g1z &70e 180

612 RTH

814 xLELE

a1s ENT?

BlE RES

air ¥

81& 2

818 < Velocity

B2E e

21 NEYT

22 ET01 190

azz RCLE

824 2

a25 X

Bze &

27 RTH

828 xLELC

az2s ENT?T

a3e RCLE

832 & 200

833 XEY?

a34 ET01

ki) RCLE

azé RCLE

Bzv =

#3e RTN

B29 xLBLD

48 ENT?

841 RCL4

942 = 210

a4z &

g44  X#VT Pressure

45 ET01

B4€ RCLE

847 RCLY

843 x

EX RTN

85 xLBLE

851 ENTT

852 e Energy 220

XY X=Y7

BS54 RCLE

NN RTN

B56 #LBLI LABELS FLAGS SET STATUS
Ao B v z 0 E FLAGS TRIG DISP
a b d ON OFF

o 0 | DEG K FIX X
0 1 3 1 0O® | GRADDO | scI O
5 3 5 2 0 K| RAD O | ENG O
3 0K n—2—
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Hewlett-Packard Software

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

Application Pacs

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

You can choose from:

Statistics Mechanical Engineering
Mathematics Surveying
Electrical Engineering Civil Engineering
Business Decisions Navigation

Clinical Lab and Nuclear Medicine

Users’ Library

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

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

Users’ Library Solutions Books

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

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

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

Options/Technical Stock Analysis Medical Practitioner
Portfolio Management/Bonds & Notes Anesthesia
Real Estate Investment Cardiac
Taxes Pulmonary
Home Construction Estimating Chemistry
Marketing/Sales Optics
Home Management Physics
Small Business Earth Sciences
Antennas Energy Conservation
Butterworth and Chebyshev Filters Space Science
Thermal and Transport Sciences Biology
EE (Lab) Games
Industrial Engineering Games of Chance
Aeronautical Engineering Aircraft Operation
Control Systems Avigation
Beams and Columns Calendars
High-Level Math Photo Dark Room
Test Statistics COGO-Surveying
Geometry Astrology

Reliability/ QA Forestry



ENERGY CONSERVATION

This is a book with heat transfer calculations for everyday use. Programs
include basic heat transfer calculations in conduction, convection, and
radiation.

AIR COOLING SYSTEM DESIGN

BLACK BODY THERMAL RADIATION

ECONOMIC INSULATION THICKNESS

HEAT TRANSFER THROUGH COMPOSITE CYLINDERS AND
WALLS

STEADY STATE COND. HEAT TRANS., HEAT LOAD &
LOGARITHMIC MEAN

SUN ALTITUDE, AZIMUTH, SOLAR POND ABSORPTION
TOTAL DAILY AMOUNT OF SOLAR RADIATION

TEMPERATURE OR CONCENTRATION PROFILE FOR A
SEMI-INFINITE SOLID

TRANSIENT TEMPERATURE DISTRIBUTION IN A SEMI-
INFINITE SOLID WITH CONVECTION BOUNDARY CONDITION

CONSERVATION OF ENERGY
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