
  

TSR

HEWLETT-PACKARD

HPO7P97
Users’ Library Solutions

 

 

Aeronautical Engineering

 

    

 

    

     
  

142,568 ENTL

  
16. 295 R>F

143.51 ##x
Xzy

92.71 x

  

J39.5GR? SIN

0.58 ¥

H6.214 LO6

1.94 *ex    

e B

LTt

350





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 pageprovides 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 compute§the fo]]ow1ng propert1es ‘of air at Tow pressures
for a given temperature: specific heat ratio, specific heat at
cgnstant pressure, specific heat at constant volume, coefficient of
viscosity, and absolute Rankine temperature.

THEORETICAL U.S. STANDA%% 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 fora 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 DENSITY_ALTITUDE .,
Computes actual take-off run required given sea level run at 15% C at full '
gross weight, pressure altitude, actual air temperature, and actual take-
off weight.

TRUE  AIR TEMPERATURE AAND 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 determinethe 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 Desecription |

_ Properties of Air
 
 

Program Title
 

Contributor’s Name

: Hew].e.t t_- Packsrd

 

 
  
 
 

 
 

Address o _1(,)00 N.E. C'IY‘C ] e B ],Y,d *

City Corvallis~gae Oregon Zip Code 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 <) Cy = C/k, Bru/lb. - °R
where:

R Universal gas constant 4. Coefficient of viscosity

J  Mechanical equivalent of heat = 7.4 X 10-7(T)] '5/(T + 200),

Ilbm./ft. - sec.

2. Specific heat at constant pressure

Cp = 0.2478 - 4.2047 X 10-5.'. 5. Absolute Rankine temperature

+5.8X 107812 - 1,49 x 1071113, 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 At 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. J  —   
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Sketch(es)
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Sample Problem(s) e ~

Find the spec1f1c heatrat1o,,spec1f1c heat at constant pressure,i o

 

 

~specificheat at constantvolume, coeff1c1entofviscosity, and

absolute Rank1ne temperature for air at a temperatureof300 degrees%
  

Fahrenheit,

C_= 0.2428 Btu/lb. -°R

C.= 0.1743 Btu/1b. -°R R

u= 1.6146 x 10-° 1bm./ft. -sec. S

759.70°R"

 

Solution(s) N ~

_Keystrokes: o OQutputs:

300[E] [A] ==----mmmmmmme> 1.3930

~300[E][B]-=----mmmmmmmmmcmme-> 0.2428

300[E] [C] -----c-mmmmmccmccccee> 0.1743

300[E] [D] --ec---mmemmecmeecemecceecaoo>  1.6146 x 1075
9300[E] --------oommmmmme-=-=--=------->759.,70

 

 

 

( )

Reference(s)

~ Keenanand Kay,?Gas Tab]es, f1fth printing, John W11ey & Sons,Inc

March, 1956. Hall, Newman A.,Thermodynamics of Fluid Flow, Pre"t1ce-
~Hall, Inc., 1951

This program is a translat1on of the Users' Library program #01078A

\_submitted by Paul, K, Shumpert. AJ   
  



  

  

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Go to step 2
 

 

 

 

[IL_]
LIL_1]
[L]
1]
[1L
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T - s <User Instructions 3

PROPERTIES OF AIR

C Cy

STEP INSTRUCTIONS DAYUNITS KEYS DATATONITS

] Enter Program [0

2 Compute Specific heat ratio T, °R * [: k

o EA [
or I

2 Compute specific heat at constant pressure , OR* I: C, Bh_"v

ror EJ [
or I1

2 Compute specific heat at constant volume T, °R* :I Cv, Btu

T, °F (e[Cc ][~
or LI1

Ibm.
2 Compute coefficient of viscosity , OR * E: W bm .

ST vo
or I

2 Compute absolute Rankine temperature T, OF E[: T, °R

3 For a new case, repeat step 2 ::‘

* Temperature can be input as °R or °F as shown. |_—_J[:]

Note: having calculated one of the variables [::::][::::]

k,C_,C , or u, to calculate a second: [:”:l

C []
0

Recall the temperature T, °R reL il] |7, °R
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

@81 xLELA 2111 BS7 RCLZ 36 82
Bez  FIx -11 Compute k g5  RTN 24
Bez DSP4  -63 B4 T, °R 859 xLBLC 21 13 Compute C,
ga4  STOI 35 a1 #ce  ESbA 23 11

B@s  ENT? -21 g6l  RCL2 36 8z

ges -35 el Xy -41

gerv s @5 B63 z -24

B3 ] -6 #c4  RTN 24
c 35 BES xLBELD 21 14 Compute

8o EEx 23 g6 sTo1 35 al pute u
g1l CHE -2z RET 1 @i

B12 g a8 R6E - -62
813 X -35 862 S 63

B14 . -62 ere i 31
815 2 8z ar1  RCL1 36 a1

816 4 a4 2 82

817 7 7 8 ee
B1g g a8 874 e aa
g19 + -55 873 -58

828  RCLI 36 @1 8vé * -24
21 2 8z ¢ 67
20 3 63 8’8 . -62

823 7 a7 are 4 04

B24 g ag pe@  EEX -23

B25 z a3 B8l CHS -22
626 z -24 B3z 7 ar
27 - -45 #es X -35
828 1 a1 pe4 SCI -12

B23a 4 a4 ges  RTN 24

838 9 as p8& #LBLE 21 15

831 EEX -23 ge7  ENT? =21 Compute T, °R

B32  CHS =22 age 4 84
g3z 1 ai gee S as

B34 3 3 poe 9 a9

835 RCL! 36 &l 621 . -62

B3e 3 a3 a9z 7 a7

837 ¥ 31 B9z + -55

g2 X -35 94 FIX -11

g3a - -45 295 RTN 24

B4@  STOZ 35 a2 C
B41 1 ai P
@42  ENT? -21
843 1 @1
B34 ENT? -21 100

a4s . -62
a4 e ae
847 & a6
848 8 a8
849 5 as
Bs@8 RCLZ 36 a2 SET STATUS
B51 < -24 FLAGS TRIG DISP

32 - -43 ON OFF
853 z -24 o0 B| DEG ®

|

FIX @&

855 xLBLE 21 12 2

_ BS6  GSBA 27 11 Compute C, 3 0 ® n
- - REGISTERS

0 1 2 3 4 5 6 7 8 9

Used Used
SO St S2 S3 S4 S5 S6 S7 S8 S9

A B C D I

 

 



 

Program Description 1
 

 

Standa_tjq_ Atmosph_e__r_je Be]oy{“}_sm,BgZ_ FeetProgram Title

 

 

 

 
  
 
 

 

 

Contributor’s Name H?WJELt:.E_@,E.erd o

Address 1000N.E. Circle A

City ~_ Corvallis __stateOregon Zip Code97330
\__

-
Program Description, Equations, Variables This program computes the theoretical U.S. Sta.nda.rdW

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 temperaturd

and pressure based on the following formulas:

n T = TO - az t =T - T abs referenceo I
A

H|
3

o

| o N

= Pressure at altitude above/below mean sea level.

= Standard air pressure at mean sea level.

P

P

T = Standard absolute temperature at mean sea level in Rankine/Kelvin.

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

Z = Altitude above/below mean sea level in feet/meters.

= Constant G/aR = 5.2561

= Temperature absolute at altitude in Rankine/Kelvin.

n

T

T abs ref. = 459.688 °r/ 273.16 °K.

% = 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.
_
 

    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.

 
  _J/



 

Program Deseription 11
 
 

Sketch(es)

  
 
 

 
 

 

- |
N

Sample Problem(s)

,,,,,,,,,,,,1.WhatisthetheoreticalU.SwStandarduAtmospherepressureininchesof—

]mercury,poundspersquarefoot,poundspersquareinch,temperature in -

degrees Fahrenheit and degrees Rankine at an altitude of 30,000 feet?

 

 

2. What is the theoretical U.S. StandardAtmospherepressureinmillibars.

temperature in degrees centigrade and degrees Kelvin atanaltitudeof

11,000 meters?
1. Hg = 8.885413 2. mb

 
 

226.319813 —

 
 

 

  
 

 

  

 

 

 
 

 

 

  

 

 

 

 

 

 

 

1bs/in2 = 4,364107 °C = -56.500000 _
o °F = -47.,984800 °k = 216.660000 S

°R = 411.703200 e

Solution(s) Keystrokes: I Outputs:

. [RTN] [f] [a] 30000[D] =--=--=-=ccmmmcmmmmomeeeeoo———___>8.885413
[>-47.984800
[RCL] [6] ====mmmmmmooe eee——ceoo-->411.703200
[f] [b] 3000[D] =-====mmmmmmmmooooeeeeeo054,364107

. 1013.25[A] 288.16[B] .0065[C] 273.16[ST0O] [7] -
17000[D] ======oomooeoo eee.05226.319813

[E] —mmmee>-56.5000
[RCL] [6]eee>216.6600

7

Reference(s) 

This program is a translation oftheHP65Users'Libfgry;étggrgmm#01148A submitted
by William D. Staton.
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User Instruetions 7

STANDARD ATMOSPHERE BELOW 35,332 FEET

LR ALT

STEP INSTRUCTIONS DALVUNITS KEYS DATAe

1 Enter Program :[: 0.00

Initialize 0.000000

3 Automatic input of U.S. Standard Atmosphere EE

mean sea level values of Hg, temperature, lapss§ E:‘ 459.688000

rate plus reference temperature absolute. I:I:

L Input altitude and compute Hg. Feet [i”:l Hg

5 Compute temperature OF at altitude. ‘: OF

6 Recall °R at altitude. [Il °Rr

7 To recall input altitude in step L EE Feet

8 For new case change altitude input in step U ::

9 Convert program to compute LBS/II\T2 at altitude.

[rs]] |1k.695949

10 Repeat steps 4 thru 8 l:l:l

11 Convert program to compute LBSJFT2 at altitude 2116.216 E: 2116.216

12 Repeat steps 4 thru 8 :”__—I

13 To compute pressure and temperature based upon Hg [:] Hg

other than U.S. Standard Atmosphere, input DI:I

pressure reference at mean sea level. I:]:]

1k Input temperature reference at MSL. °Rr : °R

15 Input temperature lapse rate per foot of OF/FT. E[:] OF/F'I‘.

altitude in °F. [1]

16 Repeat steps 4 thru 8. ::

17 To compute the Standard Atmosphere in metric 1013.25 E: 1013.25

units, input millibars at MSL. [:I:

8 Input temperature reference at MSL in °K. 288.16 [E:l 288.16

19 Input lapse rate per meter in °C. .0065 [___:I 0.0065

20 Input temperature abs reference in °k 273.16 Efl 273.16

21 Input altitude and compute pressure. meters [_T_l[:) mb

22 Compute temperature OC at altitude. l_E__Iu ©

23 Recall %K at altitude. Crer6 °k

24 For new case change altitude input in step 21. I:”:I 

 

 

 
     LL  
 

 



97 Program Listing |
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 
 

 

 

 

 

 

     
 

 

 

        
 

8

STEP KEY ENT‘RYi _KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

B81 xLBLa 21 16 11 @57 ST0Z 35 ®Z Input MSL ref.
802 z 6z | Inputs U.S. Stan- 85 RTN 24 t'e,fiperr:turee
803 3 gs | dards in program RS9 xLBLC 21 13
8064 . -62 1 eca 8103 35 a3

Bes 9 as 661 RTN 24 obut temperature
pac < az acz xLBLD 2l 14

607 ! a1 Béz  STOS 3585 Tpput altitude for
Bos < Y- 864  RLLE 36 8z desired pressure
ges o be 865 ENT? -el and computes P
eta  STOM 33 @l Temperature at MSL 866  ENTY -2l A’
11 S a5 in °R 867 RCL3 36 a3

g1z 1 ai B&E RCLS 36 85

B13 8 as Be&e X -35

B14 . -&2 e’ - -45

e15 € a5 71 STOE 35 d6

a1é 8 ge e s -24

gi17 & as Qs S a5

a18 sST02 35 vz a’4 . -62
a19 . —52 Temperature lapse 2 2 2z

220 8 ae rate in °F per foot 876 = as

821 & o of H. 77 & 96
822 3 a3 Br&e 1 ai

823 S as ar’e ¥x 31

824 & as aea RCLI 36 a1l

B2s & a6 gel X2 -41

826 1 ai ge:2 < -24

827 6 ae BEZ RTH z

828 sST102 35 a3 B84 xLEBLE 21 15

829 4 84 Zimzfigafig'{iifigsfifii 885 RCLE 326 @6 Computes °F or °C
838 S as of ice under B8¢ RCL? 36 @7 at altitude.

a3l a g9 29.92126 H . BeEv’ - -45

832 i -6z . g minus 828 RTN 24
833 € fe 32 degrees. -

B34 & as 090

B33 e ag

B36 sT107 35 @7

837 DSP6 -63 8¢

838 RTN 24

839 xlBlLk 21 16 1&

g4a 1 ai Input 1bs/1‘n2 for
B41 4 84 MSL reference
842 . -6Z pressure
843 6 ac

44 S a9 100

845 9 g5

B4é a g9

847 4 a4

A48 g as

42 & b6

858 1 gl SET STATUS

851  STO0l 35 a1 FLAGS TRIG DISP
B52  RTN 24 N OFF T =

A | o0 X pDEG KX

b2 “stol  as g1 Input MSL ref. I Sa| o] &5
855 RTN 24 pressure. 2 0O K RAD K ENG O

856 *LBLB 21 12 3 0 K n
- = - REGISTERS

0 " Py Ref.[? To Ref. [Lapse Ra At [250e2Y'T abs ref. 9
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D E I      
 

 



Program Deseription |
 

 

 

 

~

ProgramTitle _Aircraft Flyover Acoustic Tone Doppler Shift

Contributor's Name Hewlett-Packard o

Address ~ 1000 N.E. Circle Blvd.

cty Corvallis I __State_Oregon__ZipCode___97330
\_
 
 

 
 

Computes doppler shift of anaircraft fly-
 Program Description, Equations, Variables

over acousticsource frequency observed onthe ground.Also

~ determines the1/3octave-band filter, andlocationwithinthe

_ filter, of theobserved frequency. Inputsare flight path speed
and angle, air temperature, source frequency,and aircraft elevation

 

 

 

   

 

  

....... angle.Anyinputfrequencycan be locatedin the A.N.S.I.* 1/3

octave-band filters. Equations: See sketchon next page.

__Doppler shift fo/fs = 1/(1-M cosB) [fg is observed freq.
whered fs 1s source fregq.

__Source angle B=6+o o source
B=Source angle to

e observe

Mach number Mach = V/(29.04/t+459)JV=F1t. path speed, kts
   

\T=Air temp,°F
T — -

10/10__*Mid-frequency of 1/3 oct-band f_=
 

, N any integer
 

 

*Upper frequency of 1/3 oct-band f2 = 1.1225 f"mr
(nominal band edge)
 

  

“*A.mer,i_e_a,n_”N&fififia‘}‘stflfid_a_'ad_s,_Ifis_t:i, tfl'te‘S

 

Operating Limits and Warnings 1/3 octavebandfilters startat_fm=_50Hz_me“_

corresponds to N=17, ANSIconvention. Minimum input frequency of
 

 

W@fm's_arewwéastwprefsrred"frequencies,.which are within 0.7% of
nominal preferred frequencies.

The time required for filter band location is a function of the banda4 cnr frr 17<Nedn BAL\)

4 )
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); j |

eL
‘N N v <\ S — §

osERVER.N e
\_ ; ' e

(" )
Sample Problem(s) __Airtemperaturet=77°F_

Given:Flightpath,anglemx-_-3°,,,,,,, o )

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,Snuncgwignawfnequengwa, 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.

06,=45degrees

6, = 90 degrees o

65 = 135 degrees o

Aircraft Elev. Angle , e] = 45° 6, = 90° 63 = 135°

Fo/fs L2to 0.87 ..
oo, 829 695 595

| o/m 1.04 1.10 0.94
BandNo. 29 2 28 28
fm’Hz 7.9%x10 6.3x102 6,3x102

, (nominal of 800)
So]ut1ons

Keystrokes - Output

77[ENT4+] 3[CHS] [A] 687[ENT+] 155[8]

45[C] --->1.21[R/S] --->829.04[D] --->1.04[R/S] 29[R/S] 7.9 x 102

etc ° eeAPe —

eee J

( )
Reference(s) - R _ -

1._Wood, A.B., ATextbook 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 Inst1tute, New York, 1966.

This program is a trans]at1onoftheHP65 Users'L1braryprogram #01291AsubmittededgarLmtebach rom#OTEIRSR |
  
 



User Instruections

FLYOVER ACOUSTIC DOPPLER

INPUT INPUT
fg,V fo/fs 1/3 0-B

INPUT
DATA/UNITSINSTRUCTIONS

t,°F

fe,H

towards on-coming aircraft) and calculate

Doppler shift freq. r

freq. (ratio of
appropriate band

Displ filter band no.

For a set of 6's for
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12 97 Program Listing 1
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

ga1  xLBLA 21 11 ‘ 857 8 4o

Be2  STOZ 5 8z Input t,o 858 : -24
8a3 K27 -41 g59 .1ei 16 32

ge4  STO04 35 84 gee  STCq 35 &7

aes 2y -4] B€£ 1 qi

a6 RTN 24 ggi } -;;

@87 xLBLB 21 12 I £ &3 1 1

ge3  STO03 35 a3 nput T, v ggg g gg

ge9 K27 -41 €5 2 2

@18 STOE 35 @6 ggfi 3 gg

811 RTN 24 &7 ¥ -3

812 #LBLC 21 13 pes  RCLS 3¢ 85 Compare f with f,
g13  FIX -11 Input & calc. ggz g;;? ég-g?

@15 STO! 35 a1 7l RCLY > 87

@16 RCL4 26 84 aii R;fi; 36 4?
) N -ei7 i g4 8;4 : by

e1e o as s . gj f/f,

@19 9 @ 7E 275

820 + -55 @§§ chi 36 ig

821 I 54 s CHS -£2

822 g az g;i 1 gé
823 g aag 7S & .

a24 . -5Z Bee + -55 Band no.

825 8 aa ag1 RS 51

o27 X -35 & : i

B28 RCLZ 25 83 884 DSF! -63 @I fm

B29 X2y -4] 8es RTN 24

a3a z -24

83! RCL 36 81
@32 RCL2 36 8-
83z + -55
a34 cos z 090

83s X -35
836 CHS -2z
a7 1 a1
§38 + -55
829 1.7% 5z
g4@ RS 51 A

842 X -35
843 ST0S 35 85
844 RTN 24 100
845 xLBLD 21 14
@46  STOS 35 a5
847 8 aa
g4  STOI 35 46

g;; fll}g‘;i 1 21 2'1 Calc. upper fregq. STETATOS
Z & 25 46

851  RCLI 36 46 f, of 1/3 oct- FLAGS TRIG DISP

85‘2 e a1 ban filters 0 OS OBFJF DEG KX FIX K

633 : gi 110 1 0 K GRAD O scI O

“'Ei é cc 2o O K RAD O ENG_O

g'fi +1 _’:'}‘ 3 0 K n—2

Bo¢ 4 REGISTERS

0 1 2 3 4 5 6 7 8 9

6,deg a,deg V,kts t,°F fo/H, fe,H, fo,H, N
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D E I
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Operating Limits

 
 

 

 

 

@ )

Program Title ISENTROPIC FLOW FOR IDEAL GASES —

Contributol HEWLETT-PACKARD e

1000 N, E, Circle Blwvd.
Address Corvallis, Oregon 97330 o
City . ate o Zip Code

—g_—_ J

Program D T

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 Ty;

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

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

A/A*g,, and A/A*g,, 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*,, refers to supersonic flow.

Equations:

-2
2+k-1)M

P/P() = (T/To)k/(k_l)

plpo = (T/To)=P
k+1

1 2 k -1 2k =DA* = 1+ Mm?

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

  

Remarks:

After an input of A/A*, the program beginsto 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.

 

 

 

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

upon any representation or description concerning the program material.

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



14

Program Deseription 1
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Program Title

Contributor’s Name v B—

Address

City __State Zip Code _

\. J

4 )

Program Description, Equations, Variables

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

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

S 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. i

e Registers Ry, R5 and Rg,-R; are available for user storage. o

9

Operating Limits and Warnings

7 

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 usesw
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  _/
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Sketch(es)
  

 

 

  

Example 1:

            
 

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

 

   
 

 

 

    
 

 

 

 

 

 

Keystrokes: Outputs:

1330 0 1.380
_ | L0 > 0.930
— 0 > 0.859 (T/Ty)

( 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.)

- L0

700 B3

 

0.575 (P/Py)

402.843 (mm Hg)v

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

  

 

 

 

 

Keystrokes: Outputs:

1.60 03 2.105 ™)- o > 0.379 (T/To)
> 0.102 (P/P,)= 0 > 0.269 (Plpo)

ti Solution(s) or, alternatively, using automatic output.
_____________ oo > 1.740 *** (k)

2.105 *** (M)

0.379 *** (T/T,)

0.102 *** (P/P,)

0.269 *** (p/p,)

1.600 *** (A/A*)

 

 . 
 
 
 r

 

 
Reference(s)
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e User Instruections

ISENTROPIC FLOW

SA S S TA/Asub

STEP DAC)TLZS:ITS
STEP INSTRUCTIONS oaraonts KEYS bSAUNITS ]

1 Load side 1 andside 2. ]

2 Input specific heatratio. k o0 k ;]

3 Input one of the following: :]

Mach number M a M j

Temperature ratio T/, 0 M j

Pressureratio P/P, M :'

Density ratio Plpo 0 M :‘

Subsonic area ratio A/A*b M ;j

Supersonic area ratio A/A* O M B

4 Calculate one of the following:

Mach number o M

Temperature ratio 0 T/T,

Pressure ratio P/P,

Density ratio 0 Plpo

Area ratio (subsonic or

supersonic) a A/A*

4' Calculate and outputall

values automatically. 0o KM,T/To,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.       
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97 Program Listing 1 17
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

881 ¥LBL. 21 16 11 Store k-1,1/(k-1) 857  5F3 16 21 82
a8  ST0Z 35 az 856 GT0B 22 12
88z 1 B 859 «LBLD 21 14  Output o/pg.
864 - -45 @68  F3° 16 23 @3
885 5103 35 &3 @61 €108 2z 86
g8 1% 52 852  GSBB 23 1z
a7  STo4 I5 a4 863 RCL4 36 84
@88  RCL2 36 6z 864 X 31
883  RTN 24 Output M. 865 RTN 24
a18 xLBLA 21 11 866 ¥LEL® 21 88
811 37 16 23 83 867 SF3 1¢ 21 83 Convert p/pj to
812 GT0B 22 66 ecs RCLI 3683 T/Tg and
@12 RCLI 36 61 859 y¥ 3 GTO"B.
814 I 54 a7é GTOB 22 12
@15  RIK 24 871 xLBLE 21 15
816 xLBLE Z1 ae 2 872 3 83 Set -3 in display
817 ¥E 53 Store M-, a73 CHS -2z for subsonic guess.

a18  STo! 35 81 gr4 XY -41
a19 I 54 875  FI? 1€ 23 @3
@28 RTH 24 876 GTO! 22 8i
821 xLBLE 1012 77 ET03 22 @3
822 FI? 16 23 83 Output T/T,. 878 *LBL1 21 @i
23 £TO8 27 86 879 ENT?t -z1 2

824 2 8z @sa ST06 35 @ Make guess of M.
825 RCLI 35 @1 881  FRC 16 44
26 RCL3 36 83 8g2 I 54

827 X -35 883 + -55
828 2 8 884  E2Y -41
a2e + -55 8as yx 31
aze z -24 @86  STO! 35 8i
831  RTN 2% ) 887 xLBL? 21 8z Lterate by Newton'
@32 xLBLG 21 @6 888 RCLé 36 86 e by Newtop's
833 2 gz Lconvert T/T, to M. 889 €SB3 23 83 |method to find v
834 X2y -4] Boe : -24 Corresponding to

835 z -Z4 851 1 81 A/A*,
a3é 2 2 892 - -45
837 - -45 893 . -6z
838 RCL3 36 83 894 5 a5
@39 z -24 895 RCLE 36 @5
@48  STO! 35 &i 996 z -24
841 I8 54 897 . -6z
@42  RIN 24 898 5 85
843 xLBLC 21 13 899 RCLI 36 81
844 37 16 23 83 Output P/P . 188 z -24
@45 €108 22 86 0 181 - -45
846 GSBE 23 12 182 z -24
847 RCLZ 36 8: 183 ST+1 35-55 @l
@48  RCLZ 36 63 184  RCLI 36 81
R49 z -24 185 z -24
asa §¥ 31 186  ABS 16 31
851  RTN 2% 187 EEX -23
852 %LBL@ Z1 86 188 CHS -2
853 RCL3 36 83 Convert P/P, to 109 4 84
854 RCLZ 36 62 118 X<y? 16-35
855 = -24  1/Ty and GTO B. 111 6T02 22 @2
856 ¥x 31 ——d— 112 RCi! 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 I
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18 97 Program Listing 11
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 X 54 |
114  RIN 24 170
115 =xLBLe 21 16 15 Set +3 in display
116 3 a3 for supersonic
117 X2y -41 guess
118 F3? 16 23 83

119 6701 ce 8l
126 xLBL3 zl 83 2
121 Z 6z Convert M~ to A/A*
122 RCLZ2 36 82
123 1 61
124 + -55 180
125 z -24

126 RCL3 36 83
127 LSTX l6-63
128 z -24
129 5707 35 67
138 RCLI Jé6 81

131 X -35

132 + -39
133 5108 35 86
134 RCL? 36 67 190
135 Z 8z

136 x -35
137 1% 5z ]
138 Yx 31
138 RCLI 36 81
148 IX 54
141 z -24
142 RIN 24
143 »LBLb 21 16 12
144 SPC 16-11 Output values 200
145 CF3 16 22 83
146 RCLZ 36 8:
147  PRTX -14
148 SPC le-11

149  6SBA 23 11

158  PRTX -14
151 GSBB 23 12
152 PRTX -14
153 ESBC 23 13
154  PRTX -14 210
155 65BD 23 14

156 PRTX -14
157 6SBE 23 15
158  PRTX -14
159  RTN 24

220

LABELS FLAGS SET STATUS

AMaM P T/Tg > M © P/Py > M P/pq > M [FA/AE> MI° FLAGS TRIG DISP

°k b”kéM’T/Tn“c > ’ eA/A*su;?M 1 0 OS OglF DEG K FIX
0 1 . 3 4 2 1 0 ® GRAD O sci O

—sed | W guess M iter ala 5 > > O | RAD O ENG_O
Data? |3 O n_3         
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Program Desecription |
 

 ~

Program Title ___Normal and ObliqueShock ParametersforCompressibleFlow

 

Contributor’s Name . Hewlett-Packard 

  

 

 

 

 

 

Address 1000N.E. CircleBlvd.

City Corvallis ~~~ State_ QOregon~ ZipCode_ 97330
\_

— =
Program Description, Equations, Variables.

Given the values for: free streamMachnumber(MJ),theratio of specific heats

~ (y),andthe shockangle(8); theprogramcomputes:
1/2

]MachNo.behind shock

 

  

 

   T = 2M;*Sin%6-4 MfS1n261"WM751n26+1
 

 

 

 

  

 

 
 

Ny

N L L i
3%-oMy S1n 6-(Y'1) Static pressure ratioP, Y taticpressure ratio

W«W..._ez:.....= (Y+] )M 2 Sin2%6 “Density ratio

o (Y=1)M; 2SinZ6+2 y
 

 

 

 

  

  
 

—Temperatureratio————

T, _r (y+1)M;°Sin%6 ] y-]me y + 1 1 _Y-1 Total pressure ratio
Pr, b (=TIM7Sin%e¥2 - M 2SinZe-(y-1) 1
 

—Where-the-1-subseript-denotes—the—valueupstreamof-theshock;and-the2——
subscript denotes the value downstream of the shock.
 

Operating Limits and Warnings

Assumes calorically perfect (Cp and Cvare constant) andthermally perfect
(P=pRT) gas, and adiabatic flow. 0n1y solutions where Ma<My j—-Pz P2 ,;Ll— > 1— A1

 

 
 

 

 

MMMMMMand1,#/Pr<Vare valid. If any one of these conditions is satisfied, the other
— four are sat1sf1ed.

 

 

 

 

 

   7 —————
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
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(— — = p—

Sketch(es) ; i | ? : | | |

; 1 ; . | - ; i i | ; : . v i . ; i 3

et e §

- , N ,
- e H | 4 .

| | | |

| .QM |

f i : ;
| L 
 

 

 (

2. Find the temperature, Mach number and total pressurebehindanormalshock

=64 psi and T,;=624°R (See Fig.2)

Sample Problem(s) B o R

.FTHQWIheMMggthumberandstaticpressure behindan oblique shock where -

M=2.5,0=70°, +vy=1.4andP,=85psi. Alsofindthe ratiosacross the shock for

density, temperature and totalpressure.(SeeFig.1)

(6=90°) whereM;=6.23,=1.4,P
 

Tm

 

Solution(s)

LA§[+J‘70[+]2.5[f] [a] [A] ---mn-mmmmv 0.80

  oe056(F  2.6.23 [ST0] []90[ST0] [2] [6T0] [0][R/S] [D] ~-------------8.49(12)
624 [X] =--mmmmmmmmmmmmme 5296.40 (°R)(T.) —[A] —=ccctoiiicceessemmcmmooeo-e 0.40(M,) R -

[E] cmmmmmmmeeeee .30(PTz/PTz) R

64 [X] ~-omomomomomooooo 1.62 (psi) (P
 

   Reference(s) e

National AdvisoryCommittee for Aeronautics, Report 1135, Equations, Tables and
Charts for Compressible Flow, ByAmesResearch Staff, Pgs. 7 »8, U.S. Government
PrintingOffice,1953.

Thisprogramisatranslationofthe HP-65 Users'
by-GlennD. Rambach.

Library program #01303A submitted  
 
  



User Instruetions 2

NORMAL AND OBLIQUE SHOCK PARAMETERS

FOR COMPRESSIBLE FLOW

1>2/1>1 pzlpl TZ/Tl

INPUT OUTPUT
INSTRUCTIONS DATA/UNITS DATA/UNITS

ro

Prel cal

ute an ar

Static pressure ratio

Density ra

Temperature ratio "
l
e
e
R

" |Total pressure ratio

F

and/or 6

n 3
|

Perform new preliminaries

P

NOTE: To perform

of vy, use steps 2 through 7.

]
L
[
—
]
La ]
)
]
]
[
]
)
(1)
(2]
Lo ]

[]
C )
)
[
]
]
[}
[
]
]
]
)
]
)
-
]
]
)
]
)
]
]
)

[sTO |
lero |

[ ]
[ ]
[ ]
[ ]

.
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ 1]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ] 
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22 97 Program Listing 1
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

60! ¥iBLa 21 £ I Bs7#LBLE 21 12 Compate P./P
@z STCI 35 @i g5 RCL3 3¢ a3 2'°1

a8z Ri -31 Store M, in R 859  RCLY4 36 a4
G4  STOZ 35 @ BEE v -35
pOS : -z |Stere O InR 3 2 ez
age  STGZ2 3z 82 Store Yy in R ees -35

@y ! @1 AEZ  RCLT 76 @7
Bas - 45 BES - -45
gea  STO7 35 a7 BES  RCLE 36 ae
1 6 z 8z a6e z 24
B11 s _s55 BEF  RTH 24  |Pisplay P,/P,
1z §T08 75 ag 868 sLBLC 21 17 |Compute p,/p]

814 RCLZ 36 a2 repeated operations B7E  RCLE 35 @5
@15 SIN 4] 871 2 az
16 RCLI 36 @i 87z + -55
217 5 -35 677 : 24
ig NE 53 er4  RTN 24  |Display p,/p,

Bis  5T04 75 84 7S &LELD 21 i4
ac@  RCLE 36 &8 i-e  gepe 23 1z |compute To/T)
21 3 -35 B77  GSEC 23 17
g2z ST0S 35 a5 7S : -24
23 RCL? 35 67 B9  RTN 24
724 RCL4 36 a4 REE xLBLE 21 15 Display TZ/Tl

125 . -35 pg1  GSEC 27 137
826  STOE 3c &€ @8>  GSBE 27 i Compute Pr,/Pr;
27 ReE 5i Ba3 : -24
28 kLELA 2111 Compute M, 884 ROLT 36 a7
829  RCLS 36 @5 B85 1-X 52
836 RCLS 36 a8 Bge y 31
B3 3 -35 p87  ESBC 27 13
132 RCLI 76 @1 ees x -35
833 ¥e 53 pea  RTN 2;  Display Pry/Pry
B34 x -35 —
825 RCL4 76 a4
@36 RCL3 76 @3
a3v X -35

g3a ; @]
7o + -55
a4 4 a4
B4} % -35
@42 RCL4 36 @4
g4z ! a;
B4 - 45 —
45 -35
B46 - 45
847  GSBC 27 i3
B48 x -35
845  GSBE 23 12
B58 2 -74
@s: RCLE 36 &8 SET STATUS
gsx < -24 FLAGS TRIG DISP

- = ON OFFggz Rcis 3b_gi o D bee ®w Fx %

et ry o4 110 1 O ®

|

GRAD O

|

sCI O
oo v 5 3 2 O K RAD O ENG, U

BS€  RTN 24 Display M, 3 0 K n_2

REGISTERS

0 toMy 2 9 3y 25102 5(y+1)MlZ 6(y—l)M12 T ov-1 By P

S0 St S2 S3 S4 Sin2 © sinZ 0 [S7 S8 S9

A B C D E I      
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Program Desecription |
 

 
r

Program Title
~ Oblique ShockAnglefor Wedge

Hewlett-Packard

 

 

 
 

 

 

Contributor’s Name e

Address . 1000 N. E C1rc1e Blvd.e

City Corva114is State Org‘gon _ Zip Code 97330
\_

a )

Program Description, Equations, Variables = R

__When the upstreamMach number,thedef]ect1on ang]e,andthe spec1f1c_heat_ratlo__

__aregiven the compressibleflowequation will giveatmostthree valuesforthe

_shockangle. Thisprogramcalculates the weak obliqueshockanglewhenitjs

_possible. | B

Theequation wh1chtmust beso]vedt1s e

40 +C $1n?o+d=0 S

 

t 51n60 +bsin

__where  . 2 . —— e - e

S

 

 

 
 

 

 
 

  

 
 

. o 3

C Sa241 +Fiktll—ke]] s1n2S
My4 4 M2

I dt;W:WCOSZS e o

M14 M}“?fiUpstream Mach number > 1.0

8=Deflection angle (deg)
k = Specific heat ratio

o =Shock angle (D.M.S.)
 

 
 

 

Operating Limits and Warnings ... ‘ -

If no shock condition is poss1b1e,i.e., 1f the shockmustdetach from the

__corner,then thefirstprogram card stops with ablinkingdisplay. If §
__approaches8.fortheflow the program takessome time (1 min or so) to
__converge. 1hav

 
 

 

  

 

 

 

 

 

I havenever had the program fail to converge, although it may be

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

X after the iteration is stopped. - .

r ) 

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.

\ v,   
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l’mgram l)eserlpll(mll
 
 

oo = ==
 

92_ = Specifne eor ra¥io    
 

  f

Sample Problem(s) __Given o , e

39.3139 DegQ "

 

Solution(s) o

Keystrokes: Outputs:

2[x2] [SsT0] [1] 10 [STO] [2] 1.4 [ST0] [3] [A] -----> 39.3139 
 

 
 
7

Reference(s)1. Introductory Gas Dynamics, A.J. Chapman and W.F. lclalke_vz~‘-~,~H,Rw-~$<-:‘~r‘ie-5~W

in Mech. Engineering..

_Thisprogram isatranslation ofthe HP-65 Users' Library program #00630A

—.submitted by Harry W. Townes.     
 



     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ten N e 5 25User Instruetions

F EDGE1 OBLIQUE SHOCK ANGLE FOR WED Z}

STEP INSTRUCTIONS DATAUNITS KEYS DST‘ZS:ITS

1. |Enter program card #] (RTN[
2. |Enter the Mach number M,, square it and store L] E;;:]
> ! M1 ¢ [STol[ 1 |M, in R]

3. |Enter the deflection angle & in deg, store in 1]
R2 §/deg [STO][ 2 ]

Enter the specific heat ratio P. store in R3 k [510| L:§:J
Run the program [J[A o deg
If program stops with a blinking display showing []

zeros, the shock is detached and no solution []

is possible for a weak shock angle. []

[
NOTE: Some time is usually required for a soluftion, [j;;]

especially as &6 max" The output will |__ |

be o in D.MS in the X stack location. []
 

Should the program not converge o in RAD
 

 

is in the R8 register for as far as the

iteration ran
VT Ul ¥ A U T UTYT T GATT o
 

 

The program stops when the residual is
 

<1x10°°
 

 

A direct solution of the equation gives
 

only <1% accuracy for o without any
 

jteration.
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

881 xLBLrA Zi 11 7  ENTt -2
@62  RCLZ 36 B8z a55 y _35
es3 ZIN 41 g5% - -45

6By ENT? mzl B66  STO7 35 &7
ges 3 -35 661 RCL4 36 a4
gac  STC7 35 &7 @62 RCLS 35 @5
8ar  RCLZ J& 83 AE3 ¥ -35
Bgae X -35 RES I a3

Bes  RCLI 36 ai B65 i _35
eire e az BEE  RCLE 35 @
@1 + -33 BET - -45
iz RCL1 35 @i RGS 2 az

i3 = -4 BES 2 -24
614 + -33 eFeé  RCL4 36 84
@15 CHS —ce BTl ENT? -21
ale 2 63 72 ENT? 21
eIv = —z4 73 X -35
g1 ST04 35 a4 b/3 R4 3;4 . 35
@19 RCLZ 26 83 e _ _45

Bze ! a1 a7 STO08 35 &g
ezl * a3 877 RCLT 3 87
2z ERTT ~2l 678 ENT? -21
822 X -33 B7e  ENT? -21
24 4 b4 RER ¥ -35

B2< = -24 gal -35
gze  RCLS 36 @3 @ez  ST0E 35 a6
2 1 bl BeI  RCLE 36 68
e - ~49 Be4  ENT? -21
2% RCLI 3¢ 4l gas -35
a3a =z -24 BEE + -55

831 + -33 BeT & aa
p32  RCLv Je @r BEE  w£yo 16-35 Test for existance
833 ¥ =33 peg 1% 5z of weak shock
; I " = T T

etS s B3¢ RLLZ 36 62| Byinking display
822 = ue 621 TAN 43 for no solution
B36 X -35 g2z 8TOZ 5 a8z ‘b1
a3y 1 @1 @93 RAD 16-22 pPosSsible
83e + —33 94  RCLS 26 a8
g38 RCL! 26 81 R95  RCLE 35 BE
e4a ENT? -21 R9E CHS -2z

841 X -33 B97 I 54
a4z : -24 BIE z -24
843 -33 gee  £0S- 16 4z
334 3 @3 18 Pi 16-24

5 z -2 g4
B46  STOS 35 o5 C/3 RS igé x4 -35
@47  RCL2 36 @2 163 + =g
g4t ces 42 184 3 3
849 RCL1 36 @i 185 =z -24
858  ENT? =21 18€ cos 4z

851 X -33 187  RCLT 36 @7
832 * -24 168  CHS -2z
B33 CHS -2 d R6 189 Iy 54

g54  STOE 35 a6 118 X 35
#55  RCLS 3& a5 111 2 az

B B36 RCL4 36 04 7 115 ¥ -35
REGISTERS

0 M2 2sand ton§|°>  k * Used |° Used [®Used | Used [°c in RAD|’

SO St S2 S3 S4 S5 S6 S7 S8 S9

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

i3 rRCLS l 36 b4 169 SIN 41

114 - -45 178 - -45

115 5 54 171 < -gf

118 EIN- 16 41 | Ve REH? _-éf

17 sT08 35 @8 73 RCL 36 i
118 bTU? ”5_23 -0 in RAD from direc §F4 - 45

119 @ gg |Solution of the 75 RTN 24
128 1 i1 equation. Iteratioy
121 STOE 7= e improves accuracy.

2z pRcLe 3¢ ag A R/S in step 30
123 + -55 W0u1d g11m1nate

124  GSE6 23 @@ iteration 180
125 sTov 35 a7

126 RCLE 36 BE

2r GSEE 23 Ba

28 RCLY a6 87

128 Aey -41

138 - -45

131 RCLE 36 @6

132 z 24

132 5T07 35 a7 55

174 xLBLI 21 a1
25 RCLE 36 @8

136 GSE8 23 oa

137 RCLT 36 a7

138 8§T-8 35-45 @&

148  RCLS 3 as
141 = -24

142 ABS 16 21

143 EEX -23 —

144 CHE -2&

145 & as

146 X£Y7© 16-35
147 ETC1 22 al

148 RCLE 3t @88 .

149 R3D 16 46 o in deg after
158 RTN 24 convergence

151 xiBL@ 21 aa
152 STOS 35 @85

iEE Ieg 4i 210

155 RCLZ 36 8z

156 + -39

157 2 8z
158 X -35

159 RCLS 3& 85

168 g az

161 ® -35

162 ST0S 25 a5

1632 C05 4z —
164 RCLZ 36 a3
165 + _55
165 RCLZ 36 ar

167 X -35

168 RCLS 36 85 CABELS FTAGS TRAR7N

P o ° ° ° £ 0 FLAGS TRIG DISP
a b c d e 1 ON OF

o O g{ DEG FIX o

— 155 &8 &t2 O

- ° ’ ° ° > 3 0O o n_*           
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Program Desecription 1
 

 

 

 

   
  
 

 

 

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 butis

around 0.8 for most aircraft.

5.2563

P . P\_| 518.67 -3.566 x 1073 PALT
ressure ratio [—|=

Py 518.67

. P, CAS 27 3.5 0.286

M? =5 7 1+0.2 6615 -1 ¢+1 -1

TAS = 39M (T +273) Ct.-1) +1
(1+0.2M?)

 

 

 

a )

Program TitleMach NumberandTrue Airspeed - o

Contributor’'s Name Hewlett-Packard o o -

Address 1000 N.E. Circle Blvd.

City Corvallis __state_Oregon ZipCode”“”‘MQ
\_

v hProgram Description, Equations, Variables, etc.

 

Operating Limits and Warnings

Accuracy degenerates for mach numbers in excess of one.

_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.  J . _/
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Program Deseription 11
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 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?

 
 

 
 

 
 

 
 

  

 
 

 
 

 

 

  

 

Solution(s). Msosa i

e — e TAS = 515.76 knots . eee

 

 —Keystrokes Soe Displayed e

25500 Y 350 ) 0.84
SEl508 515.76

  

  

  

 

  p - S S . S — J

 

 

 r — :

Reference(s).... e

_Thisprogramisa translationofthe HP-65 Users'Library program

_#00531Bsubmittedby Hewlett-Packard.

 

 

 

   
    



30
User Instructions

MACH NUMBER AND TRUE AIRSPEED

 

 

 

 

 

 

 

 

 

 

 

 

 

CAS Cr T(°C)
M »>TAS

1 Enter program™ Ej[___-l

2 Input pressure altitude PALT [: P/Pg

3 Input calibrated airspeed in :l:

knots and calculate mach :":]

number CAS [:I M

4 Input recovery coefficient [—____”____l

(.8 for most aircraft) Cr |:| Cr

5 Input indicated air temperature :I:

and calculate true airspeed I::

in knots Tee Lo[ 7Tas

6 For same aircraft at same ::
 

PALT go to step 3 and skip LI1
 

step 4. For different PALT go [L1
 

to step 2 and skip step 4. For L1
   totally new case go to step 2.   [L   
*For pressure altitudes above 36089 feet, calculate P/P, using Standard

Atmosphere,

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     
 

 

 

 

        
 

o o ®

97 Program Listing | 31
STEP KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS

B8 xLEBLA 21 11 G ST04 25 b4
paz 3 a3 B5& RTH 24
Be3 g as 852 xLEBLC 21 13
pa4 € ac ase  ST0Z 5 @3 Input recovery
885 g e BE1 RTN ey coefficient

Bac EEX -23 Bos  xLELD 21 14

Bar  CHS -2z BEZ z 6z
eag & ae 66+ v i Calculate TAS
Bos ¥ -35 Bes 3 az
gig CHS e Convert pressure B6E + -55
81 = @5 altitude to AeET  ST0S 35 a5
12 1 a1 pressure ratio 666 RCL4 36 a4
812 & a& beS GSBE 23 15
gis . -6 g8ré < -24
gis & ac il RCLE 3& a5

8le r ar grz - -43
i7 + -85 s RCLE 36 @3

ale LETS 16-63 B4 X -35

gizg = -24 re  RCLS 35 @5
26 < as ere + -39
B21 . -6 By J5 a4
2 c az gr& 3 83

22 S gz F5 3 g9

824 & e gee ¥ -35

B2% 3 Ha Bai RCLY J& 84
B2e T 31 gaz X -35
27 S§To6 35 a6 ges RTH 24
2& RTN z a84 LELE 21 I35

825 xLBLE 21 12 gac ENT? -1
B36 & 46 BeE X -35

e21 & do &r . -6

g3 1 ail aes < a:
ez . -6s Bes X -35

35 3 a5 Convert CAS to mach 628 ! ul
35 z -2 gai + -85- £ number -

B3¢ ESBE 23 13 gaz RTN 24

637 3 bz S

8zé . -6

g2ge S as
e4e Y 31
B4: 1 i
g4z - -45

B4z RCLe 36 8¢
Ba4 2 -24 100
645 i al

B4c + -35
a4 . -62
a4¢ s Bz

B4s e as
B850 & as SET STATUS

8si ¥ 31 FLAGS TRIG DISP
852 i a1 ON OFF

=, 1o E| EE o4 c wC 110 1

Bé; . _g;‘ > 0O RAD O ENG, DO
= . - 3 0 X n

____Bae & 54
REGISTERS

4 6 7 8 9

0 ’ 2 > G Mo P/Po
SO St S2 S3 S4 S5 S6 S7 S8 S9

A C D I       
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Program Desecription 1
 
 

~ )
Program Title ,__TAKE—OFF RUN VS'DENSITY ALTITUDE e

 

  

 
 

 
 

 

 

 

 

 
 

 

 

 
 

 

 

 
 

 
  

 

 

 

 

Contributor’s Name Hewlett-Packard, Corvallis D1V151°n

Address 1000 N. E Circle BlVd’.., , . e

City Corvallis _state OR _ ZipCode97330
\

N

Program Description, Equations, Variables= e I

Ap = 145366 [1 -()0-23%] Densityaltitude -
p/po = (288/To,) (1:6.87 x 1070 Ap)>-:256 . -

where A= Pres;fire altitude (Ft)

F=1+2.18x 1070 Ay + 2,032 % 1075A o
Dy = (Dgrp/Wg) * Wp * F _ . . R
where S

_Dp= Actual take-off run (Ft) o o
DsTp = Sealevel take-off runat 15°C and full gross weight

Wp = Actual take-off weight

 

 

 

Operating Limits and Warnings Computed value of Dy is an approximationto be tempered

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

 

 

condition, pilotskill; assumeszerowind. Noprovision for obstructions. 

 

 
 

 
 
 

 

( )
 

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.

. _/    
 



Program Deseription 11
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Sketch(es)
beeyebie -

et - - e b e e - eee

b | : { . - e -

; |
R S— }- }

obe . _ e + eeeek

§ e i ek S S

L * e — )
- )
Sample Problem(s) Land performance of a popular twin engine amphibian is a ground run

of 965 feet (sea level) at 15°C atfullgrossweightof 6,000 1bs.
 

 

 

How much runway w111itrequireat Laramie,Wyoming (elev. 7300 ft.) on a summer

day when outside air temperatureq%sm35C,(95F) and plane is loaded to57501bs?

 

 

 

 

 
 

 

Solution(s)965/6000= .1608 - Aircraft parameter to be insertedin programatLBL1.

 
 

  

  

 

 
 

  

 
 

  

 

Ap (densityaltitude) = 11094 ft -

Dp (actual take-off distance)= 3461ft Outpointsa

Keystrokes: 965[ENT 4 ] 6000[+][STD][O]35[ENT +] 7300[ENT +] 5750[A] -+ 11094

- [B] » 3461

L- [ e

. SReference(s) = 1) HP-65Users' Library Program #532A

- 2) "AOPA Handbook for Pilots - 1974", page 15 (FVS Ap)

~ 3) "Aerodynamics of theairplane , Millikan,John Wiley & Sons, 1941

page 132,  
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2-

User Instruetions

 

   
   

TAKE-OFF RUN/DENSITY ALTITUDE

DENS. ALT._T OFF RUN

INPUT
INSTRUCTIONS DATA/UNITS

Adjust aircraft constant as required

F.G.Weigh

ute and Display D

TR
, 1

@

[
[o

L]
[+ ]]
L1
LA 00
LI
a|
L]
00]
(B[

I
10
00
LI
I
10]
10
L]
11
1]
10
1]
1
[]
[]
1]
1]
L1
1]
10 1]
10
[1]
10]

OUTPUT
DATA/UNITS
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STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
BE: iELk 21 1l ' 5= ENT? -21
02 DSPE -63 @6 es 2 2

geq Fi -31 A, (Pressure Alt.) gece i 6!
ges  sT0Z 35 @ ae s £ ag
boe R ~di B6:  EEX -23
Bey g 8z oS CHE -2

EEE v ar BEd 5 a5
Bgs 3 bz &S X -3&
erg  ST02 35 83 Bss 1 #1
g1z + -a3 £ + -55
gl 5T04 35 a4 Temp. °k 225 N2y —4]

€1z 5 ae BES  ENT? -21 2
14 . -6 ere ¥ -35 Ap
g1z & og 871 z 8z
Bie v ar Brz . -62
17 & e 873 @ e

gi& EEX -232 Br4 z 6z
BlZ CRE =22 7s z @z

P26 & b E7E EEX =23

Bzz * -39 ers g 68
23 CHE &2 BrS X -35
B2d 1 bl AgE + -55

25 * -3 881  RCLE 3¢ a6
B2¢ 5 @5 ao * -35
27 . -6z S e o
g2t c G gg; chl db_;% DA (Actual Take-

'3% % E% ges RTK 24 Off Distance, Ft.)
B3I & de REE RS 5]
83! ¥ 3i
B2z RCLZ 36 a3
B33 1 vl
B34 g as 090
B35 + -a5

83e X -32

637  RCL4 Je a4
B3z : -24
g3 . g2
A4e 2 Bz
841 3 a4z

4z 5 83
43 ¥ 31
B44 CHE s 100

845 ] a1
Bt + a5
a4y i gl
B4& 4 a4

B4 5 @5
Ba¢ 3 bz SET STATUS

asi & g FLAGS TRIG DISP

gaz & ée ON OFF
acz X -35 AD o O K DEG FIX K

@SS  xiPBLE 51 iF 2 0 X RAD O ENG O

o foLs 3 0 K n—0
Bag  ENTT -F1

REGISTERS = 5
6 70 "W ° 4p o3 [P[A

S0 S S2 S3 S4 S5 S6 S7 S8 S9

B C D I
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Program Desecription |
 

 

rProgram Title TRUEAIR TEMPERATUREAND DENSITY ALTITUDE B — B

Hewlett-Packard, Corvallis Division

Address 1000 N. E.Circle Blvd.

cty =Corvallis _StateOR
\_

Contributor’s Name

ZipCode97330
Y,
 

 

 -

Program Description, Equations, Variables

effects of highspeed flight._

‘Thisprogram accountsforthe compressibility

Giventhe mach number(M) and the aircraft

“‘_‘_Wrecoverycoefficient(C = 0.8 for’morstaircraft), indicated air temperature(IT)

is converted to trueairtemperature (T)

altitudearethen converted to densityaltitude.

Mcompressibility effectsare small.Insuch casesonly temperature and pressure

True air temperatureand pressure

Forlow flight mach numbers,-

 

altltude(PALT) areneeded to calculate density altitude (DALT)

 

(~IT(K)

T(K) 0,205 M2+l
IT)A + IT(K)

    

- 145366 [1-()0+235] 

: 288;15
—{1-6.879x10SPALT]5+256= T(K)
 

 

 

 

 

 

 

 

 

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.   _/  
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Program Deseription 11  
 

 

 

 
Sample Problem(s)

Cr = 0.80
 

i. M=087
 

 

 

 

 

 

 

IT = 8°C '
PALT = 10,000 ft -

) 2.TForalowspeed aircraftL Tome craft
oo
 

 

 

 

 

 

Solution(s)1. T =-=22.21°C

~ DALT=7852.96 ft . o
72: PALT = 10,703.11 ft ] -

 

 

__SeeDisplayed
-22.21
  

.Keystrokes [fllal
1. .87[A]8][C]

‘”2 . 12[D] 9000[E] )
 

7852.96

10703.11

 

 
 
 
s

Thisprogramisa translationoftheReference(s)

#00_»5"3»2A Submittedby Uus»er's Library,     
 



   

   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* User Instructions

TRUE AIR TEMPERATURE &

1 DENSITY ALTITUDE Z}
IT DALT

->T

STEP INSTRUCTIONS DATAIUNITS KEYS DATAIUNITS

1 Enter program E

2 Initialize L 1L ]o.80
3 If you know the true air temperature, go to 0]

step 7 :] :]

4 Input the following: Ej Lj

mach number M LAl| |u

recovery coefficient (if different from [,— [:'

0.8) | Cr LB[| [cr
5 Input indicated air temperature and calculate I:j E_j

true air temperature IT(°C) c|l] |r¢o

6 Go to step 8 Dj Fj

7 Input true air temperature T(°C) [o || T(K)

8 Input pressure altitude and calculate density Ij [:j

altitude PALT DALT (ft)

9 For new case go to step 3 B
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

681 xLELa 21 1&8 11 As7 i @l
883 . "6.'5 358 + _55

6e4 87032 35 g7 BGR . -6.’3"
Bpas RTHK 24 | 861 z gz

Boe xLBLR 21 11 ’ AGE 5 as

Bev  ST04 35 84 Input mach number ; Aes & ve
ras RTHN 24 Ac4 Y 3]

889 =xLBLE 2i 1z REs RCLE 35 @6

g1e  ST03 35 83 BEE i 81
811 RTN 24 Input recovery BET c @5

€12 xLBLC 21 13 factor BES + _55
813  GSBC 23 14 AEQ X -35

14 RCL4 3o 84 B7@  RCLS 36 85
B15  ENT -2 171 = Y

B1é -3a ve . -62
a1 . -6Z Calculate true g7z z =
Ris z az temperature =4 3 a3 Calculate density
g1 e av e = @5 altitude

626 S as ere wx 3]

821 -39 B77  CH5 -2z
82z 1 ai 7e i 81

823 9 By + -55
24 = -24 pes ! a1
25 RCLS 3€ @5 agi 4 a4

ez - —43 8az 5 as
82?7 RCL3 26 83 Be3 3 83

628 * 33 684 & s
829 RCLS 36 @5 gEs & ge

036 * 93 Bos X -35
831 STOS 35 85 Ag7 RTN 2
A32 RCLE 36 86
833 - -45
834 RTHN 24 090

635 xLBLD 21 14
B36 z 8z
R37 7 ar Convert T(°C) to
838 3 a3 T(K) and store it.
a3¢ . -62
a40 1 a1
B41 5 a5
g42  STO06 35 8e
643 + -55
p44  STOS 35 a5 100

845 RT 24
846 xLBLE 21 15
47 & BeE
A48 . -62
g49 8 Bas
58 7 ar SET STATUS

es1 3 a3 FLAGS TRIG DISP
85z EEX -23 ON OFF
833 CHS -2z . o O K DEG & FIX £
A54 € e Calculate density [5; 10 & GRAD OJ scl O

- ¥ _35 ratio 2 O %K RAD O ENG )

856 CHS -2 3 0O % n

REGISTERS

0 ‘ ? e, [fw P o[2r3as | ° °
) St S2 S3 S4 S5 S6 S7 S8 S9

A B C D E I
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Program Desecription 1
 

 

 

 

 

 

 

 

  

 

  

 

   

 

 

  

  

  

 

 

 

  

 

   

  

 

 

 

  

~ )
Program Title _Aircraft Climb_ o

Contributor’'s Name CarrollF.Lam _

Address 4411 Random Ct. o o

City Annadale state VA Zip Code__QngQi-mMMMMM
\

. )Program Description, Equations, Variables _ B e

_Givencurrentandnewhigher a1t1tudesA] and A5and assoc1atedheadwmds at

these altitudes, W1 and W,, this programwill CO'"PU,F?_NPHEM,"MQI1 owing: I

............. 5w= [,( )(w]W2)]cr‘u_l S

—¢c] wT-NZ I

s where: V. = cruise air speed

cc - climb a1rspeed

c ~ time to chmb A to
,,,,,,,,,,,,,,,,,,,,,,,, - S A

A 2

. A AA B

2. . In ;/'m "1
T C] 1mb ‘R’OC'fi'\"’a'“x“ (Am’-”’A‘z" )"“"“"m—— R

S ROC a
w1+w2 maXx = sea level rate-

— =V _ 1.T _of-climb
3. T _Dact‘wcT( 2 ) C 4+ 7
*act V__-W C

cr 2

4 . - Déi:”t" - . B .

TtCsave -~ VoWTact - :

Operating Limits and Warnings S - , e e

”NT*“‘ > 0 e e
z -—

A>A,

D >D , if steps 9,10,11 areto beused.=
act min Ps 9,

k - S— — s

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.

\ J    
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Program Desecription 1
 
 

 

 

 

 
 

 

 

~

Program Title _ Aircraft Climb [

Contributor’s Name Carroll F. Lam i} )

Address4411 Random Ct. o R

ciy Annandale ) StateVAZipCode22003
\_

( )
Program Description, Equations, Variables -(Con't) . e

_Theequation forD..is derivedby setting up an equationfor the two time
_Ppossibilites for traveling between points Aand B, and solving for the D that
_assuresthat the traveltime based onclimbing to a higher altitude with a smaller
_headwind component is lessthan the traveltime that wouldresult fromremainingat
altitude A,.

 

 

 

 
 

elfhoughtheprog_‘ramdoesn't incqyjpgfate it, therewould in general be an additional

_benefit in climbingto a higher altitude, namely a higher true airspeed will
_generally result.

 

 

  

 

 

  

 

 

 

 

Operating Limits and Warnings - i S

_Seeprevious page. 

  

 

 

 

   
 

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.

\ b   
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l’mgram Deseription 11
 

 

 
 

  

 

 

 

 

  

         

 

     
 

  
 
 

 

 

 

 

 

 

 
 

 
 

 

  

 

   
 

 

 

 

 
 

 

   

 
 

 

  

 

  
  
 

 

 

 

  

    

, P T ' =T
rSketch(es)v - W?_ o
Dttt A\ ]

ek ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, '_ . ? . ]

- Dmuwn—J |

z ‘T' B 5
’ _J

-

Sample Problem(s)

Assumedaircraftparameters: ,_-_m_lwmph

V.= 85 mph
cl

ROC___ = 850 ft/min o
max

A = 18.5 kft
max

Given: Current Altitude (A,) = 3.5 kft
————€urrent-Headwind- (W)}=38mph-

Potential Altitude(Az) 1.5 kft ,
Headwind Component at A (w ) = 10 mph
Distance Remaining (Dact)2185 miles e

Find: 1. Distance required for climb to breakeven
——— 2. Time to fly distance remaining if climbis made B

3. Time saved by climbing to higher altitude
4. Time to c11mb to new altitude

solution(s) 190[STO] [1] 85[ST0] [2] [850][sT0] [3] 18.5 [sTo][41

~11.5 [ENTER] ------------ Store A, . T1.50
10 [ENTER] ---------—-- Store W, 10.50 ]
3.5 [ENTER] ----------—- Store A, 3.0
1 . [— Store W,  11.50

1. [B] -----mmmmmmeeee Compute D, 87.54

2. 185 [C] =-------memeeee- ggmggfg_jMfor 185 miles 1.28 (1 hr, 28 mins)

3. [R/S] ------mmmmeemm Compute Tcavnd 0.10 (10 mins)

4. [0] ----------ooee- ComputeTyspp~0.16 (16 mins) y

s ~
Reference(s) _Equations (1),(2), and (4) are submitter's ownderivationsbasedonthe
geometry of the problem.

Equation (3) is based on anassumption that ROC varies lineary with altitude
- fA%w-Amax(%“wA-3}-and straTght*forward integration.—Seeanygood aeronautical

Amdx engineering text.

&Th1s program is a translation-of-theHP-65 UsersLibrary program#01815AsubmJtted    
by Carroll F. Lam.
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User Instruetions

  

AIRCRAFT CLIMB

  

INPUT OUTPUT

P m < w

1. Enter ram card 1

2. Input s

Climb airspeed V.S  (miles/hr

~z
5s
2
2
8

R ”

Repeat steps 4-7 to enter new data.

]
L
(1]
2]
3]
(4]
]
[
]
)
]
]
)
]
L
[
]
)
[
)
[
]
()
]
]
]
]
]
)
]
]
]
]
)
]
]
]
]

[
[]
[
[
]
[]
[c|
[R/S|
(D|
[]
L
[]
[]
[]
[]
[]
[|
[]
[]
[]
[]
[]
[]
[]
[]
L] 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

861 xLBLR g1 11 Bs7 + -55 Compute Actual
gez  ST0S 35 &5 858 3 ez Stage Time
5K R -31 Store Data @55 z -24
Bes  STCe 25 a6 BSR CHS 22

865 R -3l Bé1  RCLZ 36 a2
@ec  STOT 5 ar BE2 + -55
aey R -3i 863 RCLS 38 @89
aes  STCE 35 es 864 X -35
ges RTN 24 RES - -45

18 xLBLD 21 14 @66  RCLI € 8l
@11 RCLA I& 84 @67  RCL7 36 87
e12 oLe 3E s 68 _ _45
813 - -43 BES z -24
@14 RLL4 JE& 04 gr@  RCLY 36 as
B15 RCLE 3E 86 671 + -55
816 - -45 72 SHMS 1€ 35
817 z -24 a7z RS 51
e1e LN z  |compute CTimb Time 874 XaY -41 Compute Time
@18 RCLs 36 83 75 RCLI 3E al Savings
B2e 2 -24 876 RCLS 36 @5
21 RCL4 3t 84 77 - -45

g22 X -35 878 z ~24
Bz CHE -22 Bre  3HMS 1€ 35
az4 1 él ggé  CHS -2z
a3 & #e B8l  HMS+ 16-55
826 . -52 gEZ  CHS -2z
EEr 7 a7 BE3 RTH 24
828 ¥ -25
g2a  §TOS 75 as
@20 SHME 16 35
a1 RTH 24
632 «xLBLE 2112
833  RCL! I€ a1 I .
@34  ROLS I @5 Lompute Minimum 590

133 - T4 btate Length
@36 RCLS 36 @s
837 RCLT 36 @7
138 - -45
832 z -24
B46  LSTH 16-63
841 2 az
B4 z -24
843 RCLI e al
844  RCLZ 3E a8z 100
B4s - -45
B4E + -55
847 X -35
@48  ESBD 23 14
849 HMS? 1€ 35
gsa X -33 SET STATUS

B31 RTH c4 FLAGS TRIG DISP
a5z xLBLC 21 13 ON OFF
g53  ENT? -21 o0 K| DEG ® FIX K
RS54 ENT? -7] 110 1 0 K GRAD O SCI 8

BES  RCLS 36 @5 2 O ® RAD O ENG
@56 RCLT 36 87 s O X N2

REGISTERS

0 2 3 4 5 6 7 8

Vcruise Vch’mb R'O‘Cmax Amax w] A] w2 Az grch’mh
SO St S2 S3 S4 S5 S6 S7 S8 S9

A B C D E I       
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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 Games

Users’ Library
The main objective of our Users’ Library is dedicated to making selected program solutions contri-

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

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

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

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

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

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

Options/Technical Stock Analysis Medical Practitioner

Portfolio Management/Bonds & Notes Anesthesia

Real Estate Investment Cardiac

Taxes Pulmonary

Home Construction Estimating Chemistry
Marketing/Sales Optics

Home Management Physics

Small Business Earth Sciences

Antennas Energy Conservation
Butterworth and Chebyshev Filters Space Science

Thermal and Transport Sciences Biology

EE (Lab) Games

Industrial Engineering Games of Chance

Aeronautical Engineering Aircraft Operation

Control Systems Avigation

Beams and Columns Calendars

High-Level Math Photo Dark Room
Test Statistics COGO-Surveying

Geometry Astrology

Reliability/QA Forestry



AERONAUTICAL ENGINEERING

Includes programs in several areas for Aeronautical Engineering, such as

calculations for properties of air and atmosphere, behavior of gas flows,
calibration of temperature and speed, and also some aircraft maneuvering.

PROPERTIES OF AIR

THEORETICAL U.S. STANDARD ATMOSPHERE TEMPERATURE
AND PRESSURE BELOW 35,332 FT.

AIRCRAFT FLYOVER ACOUSTIC TONE DOPPLER SHIFT

ISENTROPIC FLLOW FOR IDEAL GASES

NORMAL AND OBLIQUE SHOCK PARAMETERS FOR
COMPRESSIBLE FLOW

OBLIQUE SHOCK ANGLE FOR WEDGE

MACH NUMBER AND TRUE AIRSPEED

TAKE-OFF RUN VS DENSITY ALTITUDE

TRUE AIR TEMPERATURE AND DENSITY ALTITUDE

AIRCRAFT CLIMB

HEWLETT ’! IPACKARD
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