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INTRODUCTION

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

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

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

A WORD ABOUT PROGRAM USAGE

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

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

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

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

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



TABLE OF CONTENTS

PROPERTIES OF AIR . .

This program computes the fo110w1ng propert1es ‘of air at Tow pressures

for a given temperature: specific heat ratio, specific heat at
constant pressure, specific heat at constant volume, coefficient of
viscosity, and absolute Rankine temperature.

THEORETICAL U.S. STAND%%B ATMOSPHERE TEMPERATURE AND

PRESSURE BELOW 35 FT.

The program computes the theoretical U.$. 'Standard Atmosphere values'

for temperature and pressure at any altitudefrom -16,500 to 35,332 feet
or by converting to metric units in the formula, -5,000 to 11,000 meters.
Temperature is provided in absolute and thermometer standards. Pressure
results are in Hg, psf, psi and mb.

AIRCRAFT FLYOVER ACOUSTIC TONE DOPPLER SHIFT . ,
Computes Doppler shift of an aircraft flyover acoustic source frequency

observed on the ground. Also determines the 1/3 octave-band filter, and
location within the filter, of the observed frequency. Inputs are flight
path speed and angle, air temperature, source frequency, and aircraft

elevation angle.

ISENTROPIC FLOW FOR IDEAL GASES . .
The card replaces isentropic flow tables for a spec1f1ed spec1f1c 'heat’

ratio k. Inputs and outputs are interchangeable with the exception of k.

NORMAL AND OBLIQUE SHOCK PARAMETERS FOR COMPRESSIBLE FLOW . . . .
Knowing freestream Mach number, shock angle and ratio of specific heats

(Gamma); computes mach number behind shock and the ratios across the
shock for: static pressure, total pressure, density and temperature.
Assumes adiabatic flow, perfect fluid.

OBLIQUE SHOCK ANGLE FOR WEDGE

Given the upstream Mach number, the flow deflection’ ang]e, ‘and the ratio
of specific heats the program determines if an oblique shock is possible
and finds the shock angle for the weak shock condition if the condition

is possible.

MACH NUMBER AND TRUE AIRSPEED . . .
Converts calibrated airspeed and pressure 'altitude to Mach number ‘and

true airspeed.

TAKE-OFF RUN VS DENSIT?}ALTITUDE '

Computes actual take

run required g%ven sea Tevel run at 15% ¢ at futh '

gross weight, pressure altitude, actual air temperature, and actual take-

off weight.

TRUE_ AIR TEMPERATURE AND DENSITY ALTITUDE . '
Converts indicated air temperature to true air temperature account1ng for

the temperature rise associated with high speed flight. Once a true
temperature is established the density altitude can be calculated.

AIR%RAFT CLIMB .

his program perm1ts one ‘to'determine the des1rab111ty of c11mb1ng from an
altitude of high headwinds to an altitude with lower headwinds. Determine
the minimum that must remain at the start of the climb to make the climb

to higher altitude worthwhile.
craft only.

Program is good for non-supercharged air-
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Program Description 1

[ﬂ’rogramTitle S ,ProPertigs of A.'r

Hew] eﬁtt:Parcrkarrd ‘

Contributor’'s Name

Address 1000 N.E. Circle Blvd.

City Corvallis g Oregon ZipCode 97330
_

— )

Program Description, Equations, Variables
This program computes properties of air at low pressures for a given temperature * in degrees

Fahrenheit or Rankine.

The following properties are computed:

. Specific heat ratio 3. Specific heat at constant volume
k=1/(1-R/J C = -°
/(1-R/ o Cy =Cy/k, Bru/lb. - R
where:
R Universal gas constant 4. Coefficient of viscosity
J  Mechanical equivalent of heat M=7.4X 10-7(T)] '5/(T + 200),

Ilbm./ft. - sec.
2. Specific heat at constant pressure

Cp = 0.2478 - 4.2047 X ]0'51' 5. Absolute Rankine temperature
+5.8X 107812 -1.49 x 10-1113, T=459.7 + (T, °F), °R
Btu/Ib. - °R

* If temperature is in degrees Centigrade or Kelvin, use Temperature Conversion program

(STD - 08A) from Standard Pac to convert to degrees Fahrenheit or Rankine.

Operating Limits and Warnings
Properties k, C , C and /4t are good for temperature and pressure ranges of 300 - 2000 °R
and 0 - 300 psi% respectively.

\_ J

—

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

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

\_ _/
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Sample Problem(s) . S S
HFind the specifjc heat ratio, specific heat at constant pressure,

spgpific heat at constant volume, coefficient of viscosity, and
absolute Rankine temperature for air at a temperature of 300 degrees
Fahrenheit.

_k = 1.3930 B ) S
C_= 0.2428 Btu/lb. -°R V o S ,
C,= 0.1743 Btu/1b. -°R R
~u = 1.6146 x 10-° 1bm./ft. -sec.

T = 759.70°R

Solution(s) — -

_Keystrokes: o Outputs:
300[E] [A] -----mmmmmmm e > .3930

_300[E] [B] =-=--cmmmmmmmmmm e > .2428

1

0
300[E] [C] ----cccmmmmmmcmcmcece o> 0.1743

1

9

300[E] [D] ==------ccmmmmmememmee e ----=> 1.6146 x_ 10-°
_300[E] ----- mmmm—m—-m-mme--—- mmmm—mm—-—- > 759.70

& . S ———— B - - S — - - U —— A,J

e ~
Reference(s) ... S [
~Keenan and Kay, Gas Tables, fifth printing, John Wiley & Sons, Inc.,

‘March, 1956. Hall, Newman A., Thermodynamics of Fluid Flow, Prentice-
_Hall, Inc., 1951.

This program is a translation of the Users' Library program #01078A
\_submitted by Paul, K, Shumpert. y
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User Instruetions 3
PROPERTIES OF AIR
C Cy
STEP INSTRUCTIONS oATE UNITS KEYS DAATONITS
1 Enter Program | Il |
2 Compute Specific heat ratio T, °R * [: k
T, °F [E_ A ] |
or C ]
2 Compute specific heat at constant pressure T, OR * I:I _CPIF%
T, °F Ce_1[s ] [
or I ]
2 Compute specific heat at constant volume T, °R* l:] Cv, Bty
T, °F (e _J[c ]|~
or ]
2 Compute coefficient of viscosity , °R* [EI: W P
noe | [EJod [
or 11
2 Compute absolute Rankine temperature T, ©F E[:] T, °R
3 For a new case, repeat step 2 :E
* Temperature can be input as °R or °F as shown. :”:]
Note: having calculated one of the variables [::::][::::]
k,Cp,Cv, or u, to calculate a second: [:lj:[:]
Recall the temperature T, %R L ] |1, °R

[ IL_]

LIt |




97 Program Listing |

4
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
@81 x*LELA Z1 11 857 RCLZ2 36 87
8oz FIx -11 Compute k 858  RTN 24
8e3 DSP4  -63 B4 T, °R 859 #LBLC 21 13 |Compute C
8e4  STO! 35 a1 p6e  GSBA 23 11 v
@85  ENT? -21 861 RCL2 36 82
aes ¥ -35 a6z Xy -41
gav 5 @s B63 z -24
pes ] 67 @54  RTN 24
616  EEX -23 g6 STO! 75 a1
11 CHS -2z RE7 1 @i
812 8 a8 (133 . -62
813 % -35 62 5 8s
814 ; -62 eve yx 31
B1s 2 2 871  RCLI 36 61
a1é 4 a4 7e 2 a2
@17 7 a7 v ) ea
818 g a8 874 e aa
819 + -55 7S -55
828  RCL1 36 81 876 z -24
821 2 az 877 7 a7
22 Kt @3 878 . -62
@23 7 a7 are 4 04
824 g ag 8@  EEX -23
825 z a3 g8l CHS -22
B2¢& 2 -24 g3z 7 67
27 - -45 ge3 X -35
28 1 a1 ge4  SCI -12
823 4 a4 ges  RTN 24
230 9 ag B8E xLBLE 21 15
831  EEX -23 g87  ENT? -21 Compute T, °R
@32 CHS -2z ase 4 a4
33 1 ai ges 5 s
834 7 a3 ao@ 9 a9
@35 RCL! 36 81 891 . -62
836 3 a3 892 7 87
ki g a1 Lk + -55
23 X -35 894 FIX -11
g39 - -45 93 RTN 24
B4@  STOZ 35 82 C
41 1 ai P
842  ENTt -21
843 1 @1
844  ENT? -21 100
45 . -62
B4E e o
847 I3 86
A48 8 88
42 5 8s
gs@  RCLZ 35 @2 SET STATUS
B31 B -24 FLAGS TRIG DISP
832 - -43 ON OFF
gsz : -24 o 0@ DEG K FIX &
Do bl e 03| e’ B | the.o
855 xLBLE 21 12 2
_ B56 GSBA 27 1l Compute C, 3 O X n
- " REGISTERS
0 1 2 3 4 5 6 7 8 9
Used Used
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D 1




Program Desecription |

~
Standard Atmosphere Below 35,322 Feet

Program Title __ Blhatiautnd

Contributor’s Name HQV{]?H:PEEké‘"d e

Address ]000. NE C'I_Y‘_Cleﬁ N

City Corvallis  state _Oregon Zip Code 97330
\_

( . . 1
Program Description, Equations, Variables 1his program computes the theoretical U.S. Standard

Atmosphere temperature and pressure in English and Metric units at altitudes below
35,332 feet and 11,000 meters. Additionally, the actual mean sea level values, at

a specific time, can be placed in the program for prediction of altitude temperaturse
and pressure based on the fallowing formulas:

P = (TO n T = To - az t =T - T abs reference

= Pressure at altitude above/below mean sea level.
= Standard air pressure at mean sea level.
Standard absolute temperature at mean sea level in Rankine/Kelvin.

= Temperature lapse rate per foot of altitude in oF/per meter °C.

N o B3 W W
1}

= Altitude above/below mean sea level in feet/meters.
= Constant G/aR = 5.2561
= Temperature absolute at altitude in Rankine/Kelvin.

abs ref. = 459.688 °r/ 273.16 °k.

¢ 13 13 B

= Temperature at altitude in Fahrenheit/Centigrade

Operating Limits and Warnings 1. The program will accurately reproduce the theoretical U.S.
Standard Atmosphere tables of temperature and pressure within
the limits of -16,500 to 35,332 feet or -5,000 to 11,000 meters.

2. The correct temperature and pressure cannot be predicted under actual conditions
when the temperature gradient is not linear, i.e. the lapse rate is not linear per

foot of altitude.
\ _J

s —T
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




Program Deseription 11

. i N
Sketch(es)
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Sample Problem(s)

1. What is the theoretical U.S. Standard Atmosphere ..... pressure in-inches of -

_______mercury, pounds per square foot, pounds per square inch,- -temperature in
__ degrees Fahrenheit and degrees Rankine at an altitude of 30,000 feet? -

2. What is the theoretical U.S. Standard Atmosphere pressure in millibars
temperature in degrees centigrade and degrees Kelvin at an altitude of —
1,000 meters? o
1. Hg = 8.885413 2. mb

= 226.319813 o
1bs/in2 = 4,364107 °C = -56.500000 L
°F = -47.984800 °k = 216.660000 o
_°R = 411.703200
Solution(s) KeYStrokes: ___Outputs:
. [RTN] [f] [a] 30000[D] S-S emeeeeee———--->  8.885413
[E] ------- ittt >-47.984800
o 3 >411.703200
[f] [b] 3000[D] ~=======mmm o054, 364107
. 1013.25[A] 288.16[B] .0065[C] 273.16[ST0] [7] B
11000[D] === === = e oo oo o e e 205226319813
[E] mommmm e e e e L >-56.5000
L [RCL] [6] -----_-----------------------f,:::::::::ff>2]6 6500 y
)

Reference(s)

This program is a trans1at1on of the HP 65 Users Likbraﬂrywér’j‘pgram #01148A submitted
by William D. Staton.




User Instruetions ’
STANDARD ATMOSPHERE BELOW 35,332 FEET
LR ALT
STEP INSTRUCTIONS DATATUNITS KEYS L\ S
1l | Enter Program [:]:] 0.00
Initialize 0.000000
3 | Automatic input of U.S. Standard Atmosphere [E!I]
mean sea level values of Hg, temperature, lapsq m[:] 459.688000
rate plus reference temperature absolute. I:]:
4 | Input altitude and compute Hg. Feet E[:I Hg
5 Compute temperature °F at altitude. I:I °
6 | Recall °R at altitude. [rer J[ 6 | °R
7 | To recall input altitude in step 4 [:B.EE Feet
8 For new case change altitude input in step L [::”:]
9 Convert program to compute LBS/IN2 at altitude,
Crzs I ] [av.695949
10 | Repeat steps 4 thru 8 I:[:
11 | Convert program to compute LBS/FT2 at altitude J2116.216 E:’ 2116.216
12 | Repeat steps 4 thru 8 l:":]
13 To compute pressure and temperature based upon Hg ::] Hg
other than U.S. Standard Atmosphere, input r_:":]
pressure reference at mean sea level. I:J:
1k Input temperature reference at MSL. 0R l:] oR
15 | Input temperature lapse rate per foot of oF/F’I‘. [:Cj::l oF/F‘T.
altitude in °F. :][_____l
16 | Repeat steps 4 thru 8. l:”:]
17 To compute the Standard Atmosphere in metric 1013.25 II"__—I 1013.25
units, input millibars at MSL. I.:“:
18 | Input temperature reference at MSL in °K. 288.16 E]': 288.16
19 | Input lapse rate per meter in °C. .0065 |:] 0.0065
20 Input temperature abs reference in °k 273.16 'I] 273.16
21 Input altitude and compute pressure. meters E[: mb
22 Compute temperature OC at altitude. LEJI_, °
23 | Recall %K at altitude. (el 6 ] %k
24 | For new case change altitude input in step 21. [:[_—_]




97 Program Listing I

8
STEP KEY ENTRY -KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
881 xlBlLa 21 16 11 857 ST0Z2 35 wZ
8ez2 z az Inputs .U .S. Stan- 858 RTN 24 i;?]::?‘r:itr‘gef
803 3 a5 dards in program @59 xLBLC 21 13
6864 . -62 eca 8103 35 a3
o5 9 8s 661 RTN 24 | Lnput temperature
pas by az aez xLBLD 21 14
6o7 ‘,‘, t:”; 862 STOS 35 89 Input altitude for
608 < s 864  RCLZ 36 82 desired pressure
8oz o 4o Bes  ENT? -zl and computes P
g8 ST01 35 a1 Temperature at MSL REE ENT? -21 A*
a11 S as in °R g67  RCLS 3J& a3
e12 1 ai g&e RCLS 36 B85
g13 8 as ges b4 -35
814 . -&2 ] - -45
815 3 as 71 ST06 35 Bé
S g g8 7 o -24
817 & as ) S as
18 8102 35 B2 a’4 . -62
@19 . -2 Temperature lapse g7s 2 az
220 e a6 rate in °F per foot 876 5 a5
821 e a6 of H. T 6 86
822 3 a3 B7e 1 al
B22 S as ave ¥ X 31
B24 & a6 aee RCLI 36 4l
B2S & a6 el X2 -41
826 1 ai Bgz z -24
827 3 ge paz RTH 24
828 8102 35 a3 B84 xLBLE 21 15
829 4 04 Zi’"iﬁ;a:‘gﬁiﬂgsgﬁi 885 RCLE 26 @6 Computes °F or °C
838 S as of ice under 113 RCLV 36 @7 at altitude.
a3l a a9 . ger - -45
832 : iy 29.92126 Hg minus 928 RTN 24
835 ¢ G:I 32 degrees. 3 il
834 & asg 090
B33 & ag
B3é6 sT107 35 o7
837 DSFé -63 86
838 RTN 24
B33 xlBLb 21 16 12
r40 1 a1 Input 1bs/1'n2 for
841 4 a4 MSL reference
842 . -6= pressure
43 6 a6
244 g a9 100
845 3 g5
846 a g9
847 4 a4
A48 8 as
p42 & (713
858 1 al SET STATUS
851 sT0l 35 el FLAGS TRIG DISP
o R a T OEF EG X FIX K
2 0 X D X]
gﬁi ol Input MSL ref. 10 !0 ® | erao scl O
pressure. 2 O @ | RAD K | ENG O
8535 RTN 24
856 *LBLE 21 12 3 0K N
- -— -- REGISTERS

0 1 Po Ref. 2 To Ref. fapse Ratd" Alt.-H ETSEF/);,Ka“T abs ref. °

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D E I
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Program Desecription |

~

ProgramTitle  Aircraft Flyover Acoustic Tone Doppler Shift

Contributor's Name Hewlett-Packard

Address 1000 N.E. Circle Blvd. ) -
City . Corvallis o State Oregon ~~ ZipCode 97330
.

-

Program Description, Equations, Variables
over acoustic source frequency observed on the ground. Also

~filter, of the observed frequency. Inputs are flight path speed

Computes doppler shift of an aircraft fLy:_T

determines the 1/3 octave-band filter, and location within the

and angle, air temperature, source frequency, and aircraft elevation

angle. Any input frequency can be located in the A.N.S.I.* 1/3

~Doppler shift fo/fs = 1/(1-M cosB) [fg is observed freq.
whered fs is source freq.
A M is Mach Number of —
_Source angle B =6+a source

octave-band filters. Equations: See sketch on next page.

g=Source angle to

~_ *Mid-frequency of 1/3 oct-band f =

—*AmericanNational-Standards—Institute

ah
UVDSTCT VT

Mach number  Mach = V/(29.04/ t+459) [V=F1t. path speed, kts
\T=Air temp,°F

) N ‘ -
,]0“/10, N any integer

it

*Upper frequency of 1/3 oct-band f, = 1.1225 f_
(nominal band edge)

Operating Limits and Warnings

1/3 octave band filters start at f_=50H, which
corresponds to N=17, ANSI convention. Minimum input frequency of

f 's are exact preferred frequencies, which are within 0.7% of

m
nominal preferred frequencies.

The time required for filter band location is a function of the band
i cfor 17<N<d40 ] J

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses !l

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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l’mgram l)(‘b(‘l'l])ll()ll i1
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Sample Problem(s) __Air temperature t = 77°F _
Given: | Flight path angle;x— =-3°
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,Sgurgemtanewfnequencymf _ 687 H -
Flight path speed V = 155 kts (re to observer)
Calculate the Doppler shift, the observed frequency, the 1/3 oct.
band filter position,(fo/fm), the band number, and the filter mid-
frequency for the following aircraft elevation angles.
... 6y =45 degrees .
6, = 90 degrees ] R
I 63 = 135 degrees , B S
A1rcraft Elev. Angle 6, = 45° 6, = 90° 65 = 135°
f /f
1. 1.01 0.87 i
fO’“z | . 829 695 595
fo/ 1.04 1.10 0.94
Band No. 29 » 28 28
oo 7.9x10 6.3x102 — 6,3x102
- 7 (nominal of 800)
Solutions: B
Keystrokes: o Output -
77[ENT4] 3[CHS] [A] 687[ENT+] 155[B] )
45[C] --->1.21[R/S] --->829.04[D] --->1.04[R/S] 29[R/51“719 x 102
etc. -
& — — —
S
Reference(s)

1. Wood, A.B., A Textbook of Sound, pages 370B-372, G. Bell & Sons, London, 1957.
2. S1.11-1966, Specification for Octave, Half-Octave, and Third-Octave Band Filter
Sets, page 12, American Nat1ona1 Standards Institute, New York, 1966.

This program is a trans]at1on of the HP-65 Users' L1brary program #01291A submitted
Edg‘a‘r”t ........ nieback - - S — - J




1
User Instruetions
FLYOVER ACOUSTIC DOPPLER
INPUT INPUT
STEP INSTRUCTIONS DATAUNITS KEYS DATAUNITS
1. | Enter program
2 Input ajir temperature t,°F
3. | Input flight path angle (refer:Horz,+ is up) a,Deq.
4. | Input source (aircraft) tone freq fgsH,
5. ] Input flight path speed (refer:obhserver) V,kts
6. | Input aircraft elevation angle (looking 8,Deg fo/fs
towards on-coming aircraft) and calculate
Doppler shift freq. ratio
7. | Calculate tone frequency received at 0BS. fO’HZ
8. | Calculate 1/3 octave-bandpositionef input f.H, BR 74
freq. (rat1o of input freq. to mid-freq. of
appropriate band)
9. | Display filter band no. N
10. | Display mid-freq. of band _Ihzﬂz____

(For a set of 6's for a given flyover, it is

only necessary to do steps 6 & 7, and steps

8-10 if desired)

(A _change in t or o can be made without

affecting f_ and V, and vice versa)

(The time required for step 8 is a function of

of the value of f)

Jodododdooodopoedubood es e OO R
I




97 Program Listing |1

12

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
ge! xLBLA 21 11 ! 857 6 [217]
8o2  STO2 35 8z Input t,a B58 z -24
883 ey -41 859 1ex 16 332
984 ST04 35 B4 eecd  STC7 35 @7
aes L2y -41 eel 1 a1
a86 RTN 24 ggg } -gz
p@7 xLBLB 21 12 €3 i
ges  sST0Z 35 a3 Input fg, V 84 2 82
ge9 52y -41 BES 2 8z
@18 STOE 35 @6 Béé 3 as
g11 RTN 24 gev’ x -35
812 xLBLC 2113 868 RCLS 3¢ 65 Compare f with f
@13 FIX -11 Input & calc. BE9  X>Y? 16-34 z
814 DsSP2 -63 @z are ET01 22 a1
15  STO1 35 @l fo/fs a7l RCL7 36 67
B16 RCL4 26 84 72 RCLS 36 85
817 4 94 8732 irad -41
e1g 5 as 874 < =24 f/f,
819 9 as re RS Il
828 + _55 @76  RCLI 36 46
821 Ix 54 s CHS —33
822 z az -8 1 a1
823 9 aa ars € 8¢
024 . -62 Bge + -85
825 6 P B! RS 51 Band no.
826 4 G4 B8Z  RCLT 36 o7
827 X -35 aez SCI -12
28 RCLZ 36 83 884  DSPi 63 @1 fm
829 X2y -41 ges RTN 24
g3e 2 -24
831 RCL 36 81
@32 RCLZ 36 8z
832 + -55
a34 £os 4z 090
835 X -35
836 CHS -2
827 1 a1
838 + -55
829 1% 5z
g40 <8 51 c s
841  RCLE 26 a6 fo/fS Doppler shift
842 X -35
843  STOS 5 85
#44 RTN 24 100
845 xLBLD 21 14
@46  STOS 35 85
847 @ an
@48  STOI 35 45
@49 xLBL! 21 al . r freq.
@58 DSZI 16 25 46 Calc. uppe eq SET STATUS
851 RCLI 26 46 f, of 1/3 oct- FLAGS TRIG DISP

2 [=d s o] o
e 22| ban Filters C DK oee m | Fx ®
o4 & e 98| SR 5
855+ -55 2D K NS,
856 1 a1
REGISTERS
0 1 2 3 4 5 6 7 8 9
8,deg a,deg V,kts t,°F fo/H, fe,Hy frsHo N
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D I
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Program Description 1

s
[ Program Title ISENTROPIC FLOW FOR IDEAL GASES

Contributoi HEWLETT-PACKARD

1000 N, E. Circle Blvd,
Address Corvallis, Oregon 97330 T
City ate R Zip Code
\‘:
_; w

Program D

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

The following values are correlated:
M is the Mach number;

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

P/P, is the ratio of flow pressure P to stagnation pressure Py;
plp, is the ratio of flow density p to stagnation density po;

A/A*,, and A/A*,, are the ratios of flow area A to the throat area
A* in converging—diverging passages. A/A*g,, refers to subsonic
flow while A/A*g,, refers to supersonic flow.

Equations: B —

T/Ty = __2__2 B
24k -1HM

P/P, = (T/To)K*-D e
plpo = (T/Ty)Vk-1 e

___k + l - U ——
1 2 kK — 1 2k — 1)
A¥ = — 1+ M2
Al M [(k +1 )( 2 )] e

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

M2 = (VFrac (A/A*) + A/A*) =3

Operating Limits

Remarks: e

After an input of A/A*, the program begins to iterate to find M? 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.

4 - )

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

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

\. -/




14

Program Desecription 1

( )

Program Title

Contributor’'s Name

Address

City . State Zip Code m__.w...-,)
\_
( )

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
e user definable keys. _—

Registers Ry, Rs and Rgo-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 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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15

: - )
fi Sketch(es) l ‘
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 T,. What
is the true temperature assuming that k = 1.38?
Keystrokes: Outputs:
; 133080 > 1.380
\ . 930 — 0.930 —
(6 ] > 0.859 (T/T,) ——
288 > 247.352 (T, K)
Sample Problem(s) 2738 . _25.648 (T, °C)
If the same pilot reads a stagnation pressure P, 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.)
930N > 0.575 (P/Py)
700 > 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:
1.7400 > 1.740
1.60 03 > 2.105 ™)
a2 > 0.379 (T/T,)
— 0.102 (P/Py)
Solution(s) . . .
or, alternatively, using automatic output.
o0 —» 1.740 *** (k)
J 2105 *** (M)
0.379 *** (T/T,)
0.102 *** (P/P,)
0.269 *** (p/p,)
1.600 *** (A/A*)
\ - J
7
Reference(s)




°
1o User Instruetions
ISENTROPIC FLOW
> T/To < P/Py <D o/pg DA/ s
STEP . ‘ DA?Tl:\T/SngTs
STEP INSTRUCTIONS oataons | ¥EYS | o SAAUNITS ]
1 Load side 1 and side 2. :]
2 Input specific heat ratio. k [+ A k :ﬁ]
3 Input one of the following: j
Mach number M (A} M j
Temperature ratio T/, 5] M ‘:]
Pressure ratio P/P, M j
Density ratio plpo (0] M :I
Subsonic area ratio AA* b M :j
Supersonic area ratio AA* (1] M
4 | Calculate one of the following:
Mach number [A] M
Temperature ratio (] T/,
Pressure ratio P/P,
Density ratio (0] plpo
Area ratio (subsonic or
supersonic) A/A*
4’ | Calculate and output all
values automatically. o0 k,M,T/T,,P/P,
plpo, AIA*
5 | For another calculation based
on same input, go to step 4
(or 4'). For a new input, go to
step 3. For a new specific heat
ratio, go to step 2.

JHoHOHoOOY bounuouuunuuouououn

OHOOOOA00L
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
881 ¥LBLe 21 16 11 Store k-1,1/(k-1) 857 SF3 16 21 83
a2  ST0z 5 &z 858 GT0B 22 12
gaz 1 éi 859 xLBLD z1 14 Output po/pg.
264 - -45 @68  F3° 16 Z3 @3
885 5703 35 &3 861 G108 22 86
eec 1% 52 862  &SBB 23 1z
ae7  STO4 a5 a4 863 RCL4 36 84
888  RCL2 35 82 664 yx 31
683  RTN 24 Output M. 865  RTN 24
@18 ¥LBLA 21 11 866 xLEL® z1 86
811  F3? 16 23 @3 867 SF3 16 21 @53 Convert p/p, to
812 GT0@ 22 @@ @8 RCLI 36 63 1/T, and
@13  RCLI 36 8i 859 ¥x 3 GTO™B.
814 i 54 676 GTOB 22 1z
815  RTN 24 871 xLBLE 21 15
816 ¥LBLE Z1 8@ » 872 ki 83 Set -3 in display
817 ¥z 53 Store M-, a73 CHS -2z for subsonic gquess.
gig  STO! 35 81 874 X2Y -41
819 I 54 875  F3? 1€ 23 83
@28 RTN 24 876 6101 22 81
821 xLBLB 11z 877 6703 22 @3
22 FI? 16 23 83 Output T/T,,. 878 LBLI 21 i
823 GT08 22 @ 879  ENTt -21 2
824 2 8: @@ 105 35 ¢ ake guess of M-
@25 RCLI 35 81 881  FRC 16 44
826 RCL3 36 83 882 I 54
827 X -35 883 + -55
828 2 8: 884 Pl -41
a2e + -55 8as yx 31
a3a z -24 88  STO! 35 81
831  RTN 2% ) 887 %LBLZ2 21 8z Lterate by Newton'
@32 ¥LBLA 21 88 882 RCL6 36 86 erate by Newtop's
833 2 gz  convert T/T, to M. 889 ©SB3 23 83 |method to find W2
834 XY -4i 89a z -24 Corresponding to
835 z -24 891 1 81 A/A*.
836 2 2 892 - -45
837 - -45 893 . -6
838 RCL3 36 83 894 5 5
239 z -24 895 RCLE 36 &5
g4e  STO! 35 i 296 z -24
841 I 54 897 . -6
842  RIN 24 898 5 85
843 ¥LBLC 21 13 899 RCLI 36 81
844  F3? 16 23 83 Output P/P . 108 z -24
845 G708 27 96 0 181 - -45
846 GSBE 23 12 182 z -24
@47  RCLZ 36 8: 183 ST+l 35-55 &1
848 RCLZ 36 63 184  RCL1 36 81
f49 z -24 185 z -24
ase g 31 186  ABS 16 21
851  RIN 2% 187  EEX -23
852 sLBLG Z1 86 188 CHS -2z
853 RCL3 36 83 Convert P/Py to 189 4 84
854 RCLZ? 36 62 118 X£y? 16-35
855 = -24  1/Ty and GTO B. 111 €102 22 82
856 yx 31 e 112 RCLL 36 81
0 1 2 2 3 4 6 7 8 9
M k k-1 1/k-1 A/A* Used Used
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E 1




18 97 Program Listing 11

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 IF] 54 |
114 RTN 24 170
115 xlBlLe 21 16 15 Set +3 in display
116 3 a3 for supersonic
117 X2y -41 guess
118 F3? 16 23 83
119 6701 22 61
126 xLBL3 z1 83 2
121 2 ez Convert M~ to A/A*
122 RCL2 36 82
123 1 81
124 + -35 180
125 z -24

126  RCL3 36 83
127 LSTX 16-63
128 z -24
129 57107 35 &7
138 RCLI 36 81
131 X =35
132 + -39
133 ST08 35 86
134 RCL7 36 67

190

135 2 8z
136 x =35
137 17X 9z
138 Y¥ J1
138 RCLI 36 81
148 X 54
141 z =24
142 RTN 24

143 »lBLb 21 16 1Z
144 SPC 16-11 Output values
145 CF3 16 22 83
146 RCLZ 36 az
147  PRTX -14
148 SPC le-11
149  ESBA 23 11

200

158  PRTX -14

151 6SBB 23 12

152 PRTX -14

153 6SBC 23 13 -

154  PRTX -14 -

155 6SBD 23 14

156  PRTX -14

157 GSBE 23 15

158  PRTX -14

159 RN 24

220
LABELS FLAGS SET STATUS

AM>M BT/Ty>M[CP/Py~>M[P/py > M [EA/A% > M]O FLAGS TRIG DISP
a K O ,M, T/T o {° ‘ A/R* M) o D% | oea g | Fix fn
O Used |' M2 guess [> M2 jtap |2 A/A ) ’ > o e B | ene o
5 5 7 B 9 3 Data? [3 O & n_3
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Program Desecription 1

~
Program Title __ Normal and Oblique Shock Parameters for Compressible Flow I

Contributor’s Name Hewlett-Packard

Address 1000 N.E. Circle Blvd.

City Corvallis e ___State Oregon ZipCode _97330
\_

2 )

Program Description, Equations, Variables
Given the values for: free stream Mach number (M,), the ratio of specific heats

(), and the shock ang]e (6); the program computes:

1/2
]  Mach No. behind shock

P, _ 2yM12$1n26- (Y-'I)

pr= SR Static pressure ratio
Pk, +1)M 2 Sin2 . — :
-52 = (($_1 ml 251'228+2 Density ratio |

L2yM; *sin®6- (y-1)1[ (y-1)M, *Sin"6+2

————— Is = —Temperature ratie———————
1
P1, _r_(y+1)M,2Sin2e 1o y +1 1_Y-1_Total pressure ratio
PT1  (y=-1)M ?Sin%p+2 - 2yM ZSinZe-(y-1) -

—Where—the 1-subscript-denotes—the-value- 0

subscript denotes the value downstream of the shock.

Operating Limits and Warnings

Assumes calorically perfect (Cp and Cv are constant) and thermally perfect

(P=oRT) gas, and adiabatic flow. Only solutions wher‘e Ma<My 3 Pz Py T 1
9

- . s TN T
A § LB}

_Mg_n,d__I
27? (‘1 are valid. It any one of these conditions is satisfied, the other

— four are sat1sf1ed.

\ : 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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l’mgram l)es('npl ion 11

1. Find the Mach number and static pressure behind an oblique shock where
M= 2.5,8=70°, +v=1.4 and P, =85 psi. Also find the ratios across the shock for
density, temperature and total pressure. (See Fig. 1)

2. Find the temperature, Mach number and total pressure behind a normal shock

R - L il I p—
Sketch(es)
i
¥ -
L R — | j :
: | I
—

Sample Problem(s) — : i _ R

(6=90°) where M;=6.23, =1.4, PT =64 psi and T,=624°R (See Fig. 2) o

Solution(s)
1. 1.4[+4] 70[#] 2 5[f] [a] [A] ---~-=-~--- 0.80 (M)
T [B] eommmmm e mmde e 6.27 (P2/p,)
85[X] ==mmmmmmmmmmmmmmmmmmm oo mmmmmmmmee 533.12 (psi) (P,)
[C] Zmmmmmm oo 3.15 (P,/P1)
B L e ltetntetsteintetetettatatatete ----=- 199 (T/T0)
[E] —mmmmmmmmmmm e 0. 56.KPT2/PT1) S
2. 6.23 [570] [ 190 [570] [2] [670] [0] [R/S] [D] ~---emmr-mone- 8.49 (12
624 [X] —---mmmmmmmmmmmmmmmmmmmmmceeeee 5296.40 (°R)(T,)
B s — e RO o
— 1.62 (psi) (PT2)
4 N

Reference(s) __

National Advisory Committee for Aeronautics, Report 1135, Equations, Tables and
Charts for Compressible Flow, By Ames Research Staff, Pgs. 7 »8, U.S. Government
Printing 0ffice, 1953.

‘This program is a translation of the HP-=65 Users' Library program #01303A submitted
by -Glenn D. Rambach. :

)




User Instructions 2
NORMAL AND OBLIQUE SHOCK PARAMETERS
FOR COMPRESSIBLE FLOW
P,/Py P,/Py T,/T,
STEP INSTRUCTIONS DATAUNITS KEYS DATAUNITS
1. | Enter program [:::]
2. | Initialize Eﬁii]
3. | Input specific heat ratie Y Y
4, In;ut shock angle 6 (deg))| 6
5. | Input freestream Mach No. M1 [:iij My
6. | Preliminary calculations Eji:j
7. | Compute any parameter: L]
Mach No. behind shock La | M2
Static pressure ratio [jiij PZ/PI
Density ratio []i:j P2/P3
Temperature ratio [ji:] T2/T)
Total pressure ratio [ji;j PTo /P11
8. | For calculations using new values for Mj Ml STO Ml
and/or 6 6 (deg) 6
9. | Reset for preliminaries
10. | Perform new preliminaries
11. | Perform step 7 for any of the new parameters

NOTE: To perform calculations for a new wvalue

of y, use steps 2 through 7.

JoHoOoEHoUoOdoboUOo oG MR U OO O

IROOOOHOROCO0O0OCOOU00ER
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22 97 Program Listing |
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
60! ¥iBLa 21 1€ 1I g57 #LBLE 21 12 Compute P./P
pez  §TCI a5 @i @56 RCLZ 3€ a3 2771
a3z Ri -31 Store M, in R; B59  RCL4 3 a4
Ge4  STOR 35 & B&e . -35
poS R -3 Store 6 in R, P61 z @z
@gc  ST03 3= @z Store y in R, BEE i -35
a7 ! @1 A€z RCLT 76 &7
2ae - -45 BES - -45
gee  STO7 3= a7 BES  RCLE 36 ae
16 z 8z 3 z -24
Bl 5 -55 pe7  RTH 24  [Display P,/P,
12 §T08 75 ag BES  ALBLC 21 13 |Compute p,/p]
813 %LBEL@ 21 e Initial point for BES  RCLS 3¢ a5
gis  SIN 41 871 2 az
16 ROLI 3 @i 87z + -55
217 % -35 72 : -24
ig N 53 e74  RIN 24  |Display p,/p,
Bi8  ST04 75 84 75 &LELD 21 14
826 RCLE 36 a8 @7¢  GSBE 27 jz  |Compute To/T,
621 * -35 77 GSBC 23 132
g2z STO0S 35 85 B7S : -24
823 RCLT 36 87 B7S  RIN 24
824 RCL4 36 @4 BEE XLBLE 21 15 Display T,/T,
225 i -35 pe1  GSEC 27 13
826 STOE 35 @6 @8>  GSBE 27 iz Compute Pr,/Pr,
27 ReS 5] 8a3 z -24
626 XLELH 2111 Compute M pe4  RCLT 3 @7
829 RCLS 36 85 2 B85 1% 52
836 RCLS € s BgE ¥ k3
p3! 3 -35 @87 GSBC 27 13
832 RCLI 7 @1 ees ¥ -35
33 vz 53 gea  RTN 34  Display Pry/Pry
834 X -33 090
825 RCL4 26 @4
836 RCL3Z 76 83
37 X -5
g8 1 @i
872 + -55
a4e 4 a4
Bd1 % -35
@42 RCL4 36 @d
43 ! a;
44 - 45 —
B35 ¥ -35
Bd6 - -45
847  GSBC 23 13
48 X -35
845  GSBE 23 1z
850 2 -24
@5: RCLE 36 @8 SETSTATUS
gs2 = -24 FLAGS TRIG DISP
= : ON OFF
gg; Rels - 3e oo o0 K | DEG ® | FX %
cc ry 54 110 10X | GRAD O | sci O
o N E 2 O K RAD O ENG. O
B5€  RTN 24 Display M, 3 0 K n_2
REGISTERS
0 Y, Y CY 425102 (M2 Com2 | y-1 oy f
S0 S1 S2 S3 S4 sin2 0 sin2 6 |[S7 S8 S9
A B C D E 1
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Program Deseription 1

~
Program Title

Oblique Shock Angle for Wedge

Contributor’s Name Hewlett-Packard , e

Address 1000 N.E. Circle Blvd.

city Corvallis , . state  Oregon ZipCode 97330
\_

s ~
Program Description, Equations, Variables S
__When the upstream Mach number, the deflection angle and the spec1f1c _heat ratio
_are given the compressible flow equation will give at most three values for the
_shock angle. This program calculates the weak oblique shock angle when it is

__possible. o o o

4

s1n60 +,b sin'c + ¢ s1n20 +d=0 e

__where o.M
b= M2 + 2

— S — R
comZ 0, p(e)? kely g2

2

- k sin“s

My4 4 M2
——a ~cos%s S
M4 My Upstream Mach number > 1.0

=_Deﬂect,19n‘an,91 e (deg)
= Specific heat ratio
= Shock angle (D.M.S.)

;Q i~ lon X

Operating Limits and Warnings
If no shock condition is poss1b1e, i.e., 1f the shock must detach from the

~ corner, then the first program card stops with a blinking display. If §

i _Mgpprga;hesu’émaxufor the flow the program takes some time (1 min or so) to
~ converge. I have never had the program fail to converge, although it may be

possible. Should convergence not occur, change the calculator to the DEG mode

after the iteration is stopped.

J

~ = ——
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses

this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

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

_ )
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Program l)escnplmn ll

R - i sSSS

S S thoa\L \N Q\

M

IR S

P s - s -

Lo 92 = Specitiie ey rario
(" )
Sample Problem(s) . _Given e
M,l =2.0 , B , , S
s =100
o k=1.4
o = 39.3139 Deg
Solution(s) -
Keystrokes: o Outputs:
2[x2] [sT0] [1] 10 [ST0] [2] 1.4 [STO] [3] [A] ----- > 39.3139
¥; e te————— R U— - - - - - S — SR ‘)
( N

Reference(s) 1. Introductory Gas Dynamics, A.J. Chapman and W.F. Walker, HRW Series-
_ in Mech. Engineering..
Thls‘program is a translation of the HP-65 Users' Library program #00630A
_submitted by Harry W. Townes.
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User Instruetions
OBLIQUE SHOCK ANGLE FOR WEDGE
STEP INSTRUCTIONS DA'T%S,I.TS KEYS DBTli/rlPJ:LS
1. |Enter program card #1 (Rn ][]
2. |Enter the Mach number M,, square it and store ] E;;;]
M2 in R ' M1° [sTo][ 1 |
3. |Enter the deflection angle § in deg, store in [:::J ]
R2 §/deg STO][ 2 ]
4. |Enter the specific heat ratio P. store in R3 k [sT0 | [;;;]
5. |Run the program [ J[A] o deg
If program stops with a blinking display showing [ ]
zeros, the shock is detached and no solution [::;J [ ]
is possible for a weak shock angle. L] [:::]
L0 ]
NOTE: Some time is usually required for a solution, [ji;;]f:::]
especially as &6 max" The output will |w l[:::j
be o in D.MS in the X stack location. [ )
Should the program not converge o in RAD [i:_J [;;;J
is in the R8 register for as far as the L _AAJ [ ]
iteration—rah- .
- -
The program stops when the residual is [ ]
<1x107° [ ]

A direct solution of the equation gives

only <1% accuracy for o without any

iteration.

g
L

Jubdododde0o0odond
I
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
881 xLEL& 2111 =7  ENT? -2
@62  RCLZ 36 @z @58 % -35
ae3 ZIN 4] a5o - -45
04 ENT? -zl gee  ST07 35 @7
6es -33 g1 RCL4 36 @4
gae  STCY 33 &7 862  RCLS 35 a5
867  RCLZ 36 @3 E7 . -35
gac X -35 BE4 k a3
805  RCLI 36 ai . . e
eia 3 b2 B¢ RCLE & e
81! + -55 BET - -45
iz RCLI 3o @1 RGe 2 az
iz z -24 B62 2 -24
614 + -33 ere  RCL4 36 @4
@15 CHS -ez 871  ENT? -Z1
ale Z 63 72 ENTt -Z1
7 = -ed 73 X -2
a1e  sto4 3 aq  [D/3 R4 ore 3
@13 RCLZ 26 @3 e _ _45
g2e 1 @1 gre  ST08 35 @8
221 + -39 877 RCLT 3€ a7
22 ENTt -el 878 ENT? -21
B2z X -33 872  ENT? -z1
B24 4 a4 rER ¥ -35
2% = -24 fa1 b4 -35
g2& RCL3 36 A3 @82 STODG 35 ag
a7 1 al 88 RCLE 36 @g
28 - 49 B84 ENT? -21
828 RCL! 36 a1 855 . 35
a3e z =24 gee + -55
831 + -33 ger ] o
g3z RCLv J6 87 Ag8  NLY° 16-35 Test for existance
833 X 735 ag9 1% 52 of weak shock
pye Rl l 96  RCLZ 36 62 | plinking display
823 € b< 891 TAN 43 :
- ¥ _3c - ot e for no solution
836 X 33 g9z STOZ 35 a8z :
37 1 a1 833 RAD  16-22 possible
8ze + -55 @94 RCLS 26 88
€38  RCL! ELNCH 895  RCLE I& bE
848  ENT? -21  BSE  CHS _2z
841 * -33 897 5 54
g4z z -24 g3¢& 2 -Z4
B4z + -33 ges [0S+ 16 42
gzg E ?3 1680 Pi 16-24
3 = -z 5
846  STOS 35 as C/3 RS §Z§ x4 -§5
B47  RCL2 36 a2 183 + e
a4e ces 4z 184 3 3
B49  RCL1 36 ai 185 z -2
858  ENT? =21 18€ cos 4z
g51 % -35 1867 RCLT 36 @7
852 = -24 168 CHS -2z
BS3 CHS -2z d R6 109 & 54
P54  STO6 35 a6 118 X -35
855  RCLS J& @5 111 2 az
856 RCL4 26 84 11z X -35
REGISTERS
0 M2 2sand ton s[> k * Used |° Used [°Used | Used [%o in RAD|’
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B c D E I
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
117 RCL4 | 3¢ a4 1 169 SIN 41
114 - -45 * 17€ - -45
112 I5 54 ‘ 171 z -24
116 SIN- 16 41 172 Rng --—éf

4 C d 7 rix} | 73 L Sb
1;:5. bm‘_g ‘S_gg o in RAD from direc 1,-,- _ -45
119 & o ~solution of the 175 RTN 24
Iz'b 1 a1 ‘gquatwn. Iteration
121 STO6 35 @6 ‘1mprovgs accuracy.
2z RCLe 3¢ mg N R/Sin step 30
123 ‘ =g vgou]d ghmmate
124  GSB6 23 @@ iteration 180
25  STO7 3s a7
126  RCLE 36 BE
27 &Seé 23 aa
28 RCLT 36 87
129 82y -41
138 - -45
131 RCLE 36 @6
132 e 24
132 sTO7 35 a7 =
174 %LBLI 21 a1
35 RCLE 36 88
136 GSBa 23 aa
137 RCLT 36 @7
78 : -24
138 8T-8 35-45 a8
148  RCLS 3€ ag
141 = 24
142 ABS 16 31
143 EEX -23 =
144 CHS -2z
145 € as
146 X£Y7 16-35
147 ET0! 2z a1
148  RCLE 36 88 .

149 R3D 16 46 o in deg after
158 RTN 24 convergence
151 «xiBL8 21 oa
152  ST0S 35 85
153 TAN 43
154 1% 52 210
155 RCLZ 36 @z
156 + -55
157 z az
158 X -35
159  RCLS 3¢ 85
168 z az
161 ¥ -35
162 5T05 75 @s
163 Loz 4z -
164 RCLZ 36 a3
165 + -55
166 RCL2 3¢ az
167 X -35
168 RCLS 3¢ 85 TABELS FLAGS SET STATUS
’ o ° c P € 0 FLAGS TRIG DISP
b
- : ’ ° 1 0 OS G DEG FIX ®
: ‘ i i i i 0D sweg| st
2 O
° ° ! 8 ° 3 3 0o n_*%
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Program Deseription 1

~
Program Title

Contributor’s Name

Hewlett-Packard

Address 1000 N.E. Circle Blvd. _ . I
City Corvallis State_Oregon __ZipCode 97330
\_
( )
Program Description, Equations, Variables, etc.
This program converts calibrated airspeed (CAS) to mach number
and true airspeed (TAS). Pressure altitude (PALT) must be known
to calculate mach number (M). Aircraft recovery coefficient (Ct)
and indicated air temperature (IT) must also be known to calculate
true airspeed. The recovery coefficient varies from 0.6 to 1.0 but is
around 0.8 for most aircraft.
3 52563
. [P 518.67 -3.566 x 107° PALT
Pressure ratio [—|=
o 518.67
p CAS 27 3.5 0.286 |
()}
M2=5|{—1 1 +02{——— -1 ¢+l -1
P 661.5
-
1
TAS = 39M (IT+273) | Cr[———— -1]) +1
(1+02M?)
Operating Limits and Warnings
Accuracy degenerates for mach numbers in excess of one.
. J
s
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

— — : ™
— — : !
Sketch(es) ‘ Ll
e i il i
e . H i S S S S SR +
— e 1
| = e S g + r R 1
b % ! i ! :
r—-——-:« — o S U -+ 4 % ‘T + P + ;;
| : ' ; '
— = — T
‘ B —— e e e — i
| | ; \ 1
L | I B i)

Sample Problem(s)

For a pressure altitude of 25,500 feet, a calibrated airspeed of

350 knots, a recovery factor of 0.8, and an indicated air
temperature of 5 degrees Celsius, what is the flight mach —
number and the true airspeed?

~This program is a translation of the HP-65
_#00531B submitted by Hewlett-Packard.

Solution(s) .. Moosd— —
TAS = 515.76 knots I B —
- Keystrokes See Displayed 7
25500 350 B 0.84
k4 c Ef o] 515.76
— —— — J
ey
e
Reference(s) .. B e -

 Users' Library program

y




30

User Instructions

MACH NUMBER AND TRUE AIRSPEED

CAS Cr T(°C)
M >TAS
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter program* |:”:I
2 Input pressure altitude PALT [: P/Py
3 Input calibrated airspeed in I:]:]

knots and calculate mach :l:]

number CAS :] M
4 Input recovery coefficient :[:]

(.8 for most aircraft) Cr : Cr
5 Input indicated air temperature [:”:]

and calculate true airspeed [::

in knots Teo Lo J_]|  7as
6 For same aircraft at same l:”:l

PALT go to step 3 and skip

1L 1

step 4. For different PALT go

[ 1

to step 2 and skip step 4. For

[ L1

totally new case go to step 2.

[ L1

*For pressure altitudes above 36089 feet, calculate P/P, using Standard
Atmosphere,




K [ ] [ ]
97 Program Listing | 3t
STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
BBl xLBLA 21 11 o7 ST04 25 b4
par K az 58 RTH 24
883 s as 838 xLBLC 21 13
pa4 € 85 ese  ST0Z 35 @3 Input recovery
pos € 86 861 RTN 24 coefficient
Bac EEX =23 B6Z2 ¥xLBLD 21 14
ger CHS -2z BEZ z az
eas & b6 86+ ; bz Calculate TAS
pas ¥ -35 BeS 3 a3
g1e CHS —32 Convert pressure B6E + -55
@l: 5 @5 altitude to BEF  5TOS 35 @as
12 1 i1 pressure ratio 6EE  RCL4 36 a4
813 & ag HES GSBE 22 15
g4 . -G Bve = -24
15 & as ari RCLS 36 85
ir + -85 B7a RCLZ 36 a3
ale LSTX 16-63 874 X -35
gl = -24 e RCLE 36 a5
26 S as eve + -85
g2 . -6Z 8ry J& a4
g2z 2 az erve 3 a3
23 ] s 873 3 as
824 & o gae 4 -35
p2s ) az peil RCL4 36 84
B2e ¥ 31 Bez ¥ -35
27 STOE 35 a6 aez RTH 24
Bz2& RTK 24 884 xLELE 21 I8
829 xLBLE 21 12 gac ENT?T =21
R3E & a6 a2e X -35
B31 & ac Bery . -62
3z 1 ai B8s 2 @z
223 . -62 ez ¥ e
834 ] a5 Convert CAS to mach 636 ! 1
835 = -24 | pumber 891 + -5
a3e ESBE 23 15 B9z RTN 24
637 3 az T
gze . -6Z
p3s S as
a4e 1ol 31
64: 1 a1
g4z - -45
84z RCLE 26 86
B44 z -24 100
g45 ! al
B4¢ + -55
a4r . -62
a4t by 3z
B4s & as
850 & as SET STATUS
fs: ¥ 31 FLAGS TRIG DISP
Bs2 1 a1 ON OFF
oz - 45 10| amon | So B
c4 c > 110 1
oo S _‘;i 2 O RAD O | ENG,D
i - 30X n
__ B3c J& 54 —
REGISTERS
4 6 7 8 9
° ’ 2 * G * T P/Po
S0 S S2 S3 Sa S5 S6 S7 S8 S9
A C D 1
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Program Desecription 1

(o

rogram Title  TAKE-OFF RUN VS. DENSITY ALTITUDE . S

Hewlett-Packard, Corvallis Division

1000 N. E, Circle Blvd.

Contributor’s Name

Address )
City Corvallis _State _ OR
\_

Zip Code 97330

a )
Program Description, Equations, Variables ..~ .
Ap = 145366 [1 -(E=)0-235]  Density altitude

p/po = (288/Toy) (1-6.87 x 107° Ap)S-256
where A = Pressure altitude (Ft) )
F=1 +F2.18_x 107> Ap + 2,032 x 1078 aZ
Dy = (Dgrp/Wg) * Wp * F

where

D = Actual take-off run (Ft)

DsTp = Sea level take-off run at 15°C and full gross weight

Wg = Gross weight

Wy = Actual take~off weight

Operating Limits and Warnings ,C°mPF‘tE€,XiE{S of DA is an agproximation to be tempered

by caution and good sense. It depends on runway surface condition, aircraft

condition, pilot skill; assumes zero wind. No provision for obstructions,

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.




l’mgram Deseription 11

Sketch(es) ! ! | ! 1 ‘ !

Sample Problem(s) __Land performance of a popular twin engine amphibian is a ground run
of 965 feet (sea level) at 15°C at full gross weight of 6,000 1bs.

How much runway will it require at Laramie, Wyoming (elev. 7300 f£t,) on a summer

day when outside air temperature is 35° Y (95 F) and plane is loaded to 5750 1bs?

Solution(s) 965/6000 = ,1608 - Aircraft parameter to be inserted in program at LBL 1.

AD (density altitude) 11094 ft

Dp (actual take-off distance) = 3461 ft Outpoints
Keystrokes: 965[ENT 4] 6000[+][STD][0] 35[ENT +] 7300[ENT 4] 5750[A] - 11094
o B [B] » 3461
\ . — S — - S —— - . J
o )

Reference(s) 1) HP—65 Users' Library Program #532A 7
2) "AOPA Handbook for Pilots - 1974", page 15 (F Vs AD)”
'3) "Aerodynamics of the airplane", Millikan, John Wiley & Sons, 1941,

page 132,




34 o
User Instruections
TAKE-OFF RUN/DENSITY ALTITUDE
DENS. ALT._T OFF RUN
STEP INSTRUCTIONS DA-','X?S,I,TS KEYS DA?TLZS:ITS
1. | Load program :
L]
2. | Adjust aircraft constant as required G.R.Height] L[t Height
F.G.Weight E
[ sTo
_
3. | Input Ty °C m
4. | Input AP Ft. Dj
.
5. | Input W, 1bs. A
Display AD E} Ft.
6. |Compute and Display D, i: Ft.
]

I

INOOOuOopoOoOoDOudo0u0L




97 Program Listing | 35

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

paz  DSPE 63 &6 g z 2

664 Ri -3 A, (Pressure Alt.) gee 1 !

eas sT02 35 ez [T & asg

acs R -3i g6z EEX -23

go- < bz 863 CHS -2z

BEE Q ar (] 5 35

Bas 3 az Ags X -35

gig  5T0Z 35 43 HES | a1

g1z + =55 BET &

[ ) + o]

g1z £T04 35 nd Temp. °k REE N2y 4]

é13 2 ac BES  ENTT -2l 9
B14 . -6 gre -35 A.D
€1z g ag er! z az

eie v a7 8ve . -62

Iz & bt 83 6 8e

18 EEX -22 874 3 az

BiZ CHE -2z 7E z az

bz 6 ae evé  EES -23

P RCLZ 36 @z 877 CHS -2z

gz ¥ ~33 e & 68

123 ’:Ht & a.-s X _35

B2d 1 a1 agE + -55

< A

25 * I3 881  RCLE 3¢ ae

Bze& ] as 22 ¥ -35

27; . 62 887  RCL1 36 ai

B2& by o ges ¥ -35 DA (Actual Take-
320 c a5 . - )
< - o Bes  RTK Z Off Distance, Ft.)
B¢ & be pBE RS 51

a1 i 31

BIZ  RCLZ 36 83

B3Z ! @i
B34 s as 00
835 + -55

836 x -35

37 RCL 25 @4
83e z -Z4
BI% . -62
p4e 2 E
41 k; az
B4z 5 as
843 i 31

B4 CHS -2z 100

A4S H g1
B4E + -5
B47 i ai
B4& 4 a4
B4& S 35
8se Kt 83 SET STATUS
asi & ac FLAGS TRIG DISP
B85z t ar ON OFF
gEz X -35 AD o O DEG FIX K
54 RTN 24 110 10 K GRAD O scl O
;-r:_ i b-:- 2 0 X RAD 0O ENG O
o ’-LELE‘ ;}. IL 3 D m n 0
83&  ENT? =21
REGISTERS
1 2 3 4 5 6 7 8 9
W, Ap 273 Tk
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
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Program Desecription 1

S
(Program Titte TRUE AIR TEMPERATURE AND DENSITY ALTITUDE , -

Contributor’s Name Hewlett-Packard, Corvallis Division
Address 1000 N. E. Circle Blvd.

City Corvallis State OR  ZipCode 97330
\_ y,

( )

Program Description, Equations, Variables LNis program accounts for the compressibility
W(}ffggt}:s of high speed flight. Given the mach number (M) and the aircraft
_recovery coefficient (Cp = 0.8 for most aircraft), indicated air temperature (IT)
~ 1s converted to true air temperature (T). True air temperature and pressure
_altitude are then converted to density altitude. TFor low flight mach numbers,

compressibility effects are small, In such cases only temperature and pressure

altitucﬁlev (PALT) are needed to calculate density altitude (DALT) .

T(R) = O ooy~ - 17) + IT(K)

DALT = 145366 [1-E5)0+2%5]

—_where . e B B E— B

,,,,‘,p;. - 288..‘.15V,..[ 1 _6 . 879, XWIO'-,GPALT] 5256 SRS B ———

po T

Operating Limits and Warnings - S S R R

k - . B

( )
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses

this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

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

\. _/
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Program Deseription 11

#00532A Submitted by User's Library,

(“sketchtes) | o
, L
13 t . BN (S R— H i
~
Sample Problem(s) - -
1, M= 0.87 _ _
Cr = 0.80 B N -
IT = 8°C
PALT = 10,000 ft
2. For a low speed aircraft
- T = 12°C
PALT = 9,000 ft - L
Solulion(s) o lo T =‘22.21°C
- DALT = 7852.96 ft i L
2, DALT = 10,703.11 ft o
Keystrokes [f][a] _See Displayed
1. .87[A]8][cC] -22,21
10000[E] 7852.96
2, 12[D]9000[E] 10703.11
S - - v,
( This program is a translation of the HP-65 Users' Librar Pr_o r
Reference(s) s program 1s tion of the 0 Users’ L y gram




[ ]
* User Instructions
TRUE AIR TEMPERATURE &
1 DENSITY ALTITUDE Z}
IT DALT
->T
STEP INSTRUCTIONS DATAUNITS KEYS DATAUNITS
1 Enter program [z
2 Initialize L1 ] [|o.80
3 If you know the true air temperature, go to C 10 ]
step 7 1]
4 Input the following: [:J L—j
mach number M [ all | |u
recovery coefficient (if different from Ej L -
0.8) Cr LB ][ | |er
5 Input in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>