
. 

24-INCH HIGH-SPEED TUNNEL SECTION 

.RESEARCH MEMORANDUM 

Marie A .  Burcher 

NATIONAL ADVISORY COMMITTEE 
FOR  AERONAUTICS 

WASHINGTON 



. 
8 .  

By Mwie A. Burcher 

This paper  contains a tabulation  of  functions of the  Mach  number 
which are  frequently used in high-peed  aero&ynamlcs. The tables 
extend  from M = 0 to M = 10.0 in increments  of 0.01 and m e  based 
on the assmption.that air  is a perfect gas having a specific  heat 
ratio of '1.400, 

INTRODUCTION 

In high-peed  research,frequent use m e t  be made of the 
theoretical  relatfonshipe  existing between the Mach number and 
various flow parameters, for example, the stre-tube area  ratio, 
pressure, temperature, and density  ratios  referred to stagmtion con- 
ditions, and the normal shock  relatione. The objective of the  present 
paper is to present  tabulated values of  the  most  cammonly  needed 
functions  for small ez1ougkl Mach  number  increments (0.01) so that 
l i n e e  interpolation  is possible xithout l o s s  of accuracy  for  the  Mach 
number range from 0 to 10.0. The quantities shown are Rrnctions 
solely of the Mach number with  the  exception of a few dimensional 
quantities  computed for specified stagnation conditions. Tables 1 
and 2 cove? the aubsonic and aupersonic Mach number ranges, respectiwly. 

An earlier unpublished cqressible flow table wkicl! has  been 
in use at t h e  Langley Iaboratory  since 1943 was ccquted by 
Miss Vivian P. Adair of the Fluid.and Cas Dynamics Analysis  Section. 
The present tabuatton extended  this  prevlaua work from M = 3.0 
to M = 10.0 and added a numbr of functions  not  included Fn the 
e a r l i e r  table. 
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FC 

T 

V 

P 

Y 

compressibility  factor 

absolute pressure 

m c  pressure ($9). pounds per square foot, computed f o r  an 

arbitrary  stagnation pressure, po = 2121 lb/sq ft 

absolute  temperature, OR 

airspeed computed f o r  To = 520 X, feet per second 
0 

angle between oblique shock and flow direct ion behind shock 
(see  f ig .  2)  

r a t i o  of specific  heate,  taken as 1.400 

%ax maximum possible flaw deflection angle (see f ig .  2 )  for  oblique 
shock, degrees 

E scute  angle between oblique shock and direct ion of undisturbed 
stream  (see fig.  2) 

P mass density 

SuSscript's : 

Stations in  assumed stream tube, figure 1 

For use of the   t ab les  Fn subsonic f l i&t problems M1. 
should  be taken as the flight Mach number; then subscript 1 
refers t o  atmospheric  conditions and subscript o refers t o  
stagnation  conditions on the a i rc ra f t .  Similarlg f o r  s u p e r  

acr ip ts  o and 1 aze,respectively,  the  ideal  stagnation and the 
atmospheric  conditions. 

3 sonlc flight problems MI I s  t h e  flight Mach number, and sub 
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The values  given  in the tables  were  computed  individually.  Most  of 
the  steps in the vmious calculations  were  carried  to  seven  significant 
figures on computing  machines. Over half of the  values  given  have  been 
checked  by  recalculation. The rest of the values were  checked  by an 
axamination  of  the  differences between readings. The values are believed 
to be correct to .the number  of  places shown, with the  possible  exception 
of t h e  values of &, which may occasionally  be in error  by one point 
in  the  last  place (0.010). 

DISCUSSION 

The formulas  used in calculating the tables arg in general,well 
barn and their  derivation may be found in modern  text books on fluid 
mechanics. A possible  exception is the  equation  for & which was 
first  given  in reference 3. For  the sake of convenience, all of  the 
equations  are  listed in the appendix. 

It has been found convenient to use  the  stream-tube  notation shown 
in figure 1. The theoretical  relations  involved m e ,  of course,  equally 
applicable  either to stremehbe problems  such  as  those  encountered 
in  wind tunnels and  internal"f1ow systems or to flight  problems. 
Attention  is  called to the fact  that  the  subscript o refers to the ideal 
stagmtion conditions  (stagnation  conditions for isentropic  deceleration 
to zero  velocity).  For  subsonic  flight  application,  the  stagnation 
conditions at 83). impact'tube,  for exsmple, are represented by the 
subscript 0. In the  supersonic  case,  however,  because  of  the  presence 
of a normal  compression  shock  ahead of the  impact  tube,  the  stagnation 
pressure shown by an impact tube will not  correspond to the  value 
represented  by this subscript o but  rather to that  represented  by  the 
subscript 3, which  refers to the  stagnation  condition  behind a normal 
shock. The atmospheric  conditiopa  (p, T, and p )  in the flight  case 
a r e  represented by the  subscript 1. 

The assumption  that air is a perfect gas with a value of Y of 
1.400 is  valid for the  conditions  usually  encountered in  the  subsonic 
and lower supersonic  speed  regions  for normal staguation  condit€ons. 
?or Kach  numbers beater than about 4.0, however,  or  for  unusual 
stagnation  conditions the behavior of air  will  depart  appreciably f r c a n  
that of a perfect gas if  the  liquefaction  condition  is  approached, an& 

higher Mach  numbers. The data  of  reference 1 &ford a wa.n~ of 
estlnating  the  conditions  under  which  the  constituents  of  air w i l l  
liquefy  at the relatively low pressures  usually  encountered in supersanic 
avrodTfnamic pro5lexs. The analytical  mathods  of  reference 2 may 

-f caution  should  be  used in applying  the  results in the  tables at the 

L 
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be used to estimate the departure of the behavior of air from a 
perfect gas at exbreme stagnation conditiona. 
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lh flight applications, if M1 is the flight Mach number, pl 
represents the atmospheric pressure, and po the stagnation pressure 
indicated by an ideal pitot  tube. Similarly, in the following 
formulas TI and p1 a r e  t h e  atmospheric te~nperatwe asd demity, 
respectively. 

1 

7+l 

5 
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vl(To+*ooR) = %&ao ( ~ ~ = 5 2 0 o ~ )  

= Ml2PO(P1/PO) 
q1(p0=2121 lb/sq ft) * 

where was mbitrmily taken aa 2121 lb/sq f t .  Obviously the dynamic 
pressure for any other po (regardless of the value of To) can be 

obtained by multiplying t h e  tabulated m l u e s  by t h e  ratio - 
PO 

PO 
i 2121. 

a Po - 
F, = 

h V 2  
2 

1 2 1 4  1 6 F C = l + g M ~  + G M I  +-  
1600 

FORMUUS USED FOR SUPERSOTIIC  CALcuLclTIONS 

For supersonic  calculations, t h e  following fomtulas apply: 

Pi 



n .* 

In flight pro5lems MI should be considered the flight bkch number, p7 
tha atmospheric pressure, and po the ideal  stagnation presaure. 
Similarly, in the follawfng fommlas p1 and T1 m e  the atmospheric 
density and temperature, respectfvely. 

- 

t 
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P2 2 Y  Y - 1  
p1 Y + l  
- = -  MI2 - - 

Y + l  

7 

P 3 -= 
Po 
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Subject 

1.1.2.1 ' 

1.1.2.3 
S 

Contains a tabulation of fynctions of the Mach nmber which a r e  
frequently used in  high-peed  aerodynamics. The tables  extend fram 
M = 0 to M = 10.0. in  increments of 0.01 and a r e  based on the 
assumption that a b  is a perfect gas having a speoific heat  ratio 
of 1.400. 
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