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A SIKPLIFIED CEART FOR DETERMINING MACH NUMBEIR AND
TRUE AIRSPEND FROM AIRSPEED—INDICATOR READINGS

By Donald D. Baale and Virgil 8. Ritchie

SUMMARY

The determination of flight Mach number from measure—
ments of indicated airspeed  and pressure altitpde 1s shown
to be rolatively simple and leads %o direct and accurate
conputation of true airspeed. A simplified chart is pre—
sented for determining flight Mach number and true airspeed
for a range of values of indicated airsneed, presaure
altitude, and air temperature. A table of standard atmos—
pheric values 18 included. .

INTRODUCTION

The pitot—static type of airspeed indicator in dur—
rent use does not measure airspeed directly, but measures
a preasurce difference between a total— and a static—
pressure tube. Theo instrument calibration expresses this
differential pressure .in terms of airspeed for sea—level
standard conditions., In order to determine true airspeed
for conditions other than sea—level standard, corrections
must bPe applied to ‘the indicated—airspeed readings,
Installation and instrument errors are assumed to be
included in the airspeed—indicator calidbration.

In order to determine true airspecd for low-spseed

.flight conditions at altitude, the usual density—ratio
correctlion for incompressidble flow is sufficient; for -
high—-spoeod flight at altitude, however, the incompressible—
flow relations do not apply and an added factor must be
cédnsidered. At high spoeds, the ratio of the differential
prossure between a total— and a static—pressure tube to
the dynamic pressure 1s greater than unity and is a func=
tion of the flight Mach number. 'Because the speéd of
sound varies with altitude, the flight Mach number for a
glven true airspeed will correspondingly vary and a




2

" correction will be reguired; Heglect of this correction
will produce errors in the determination of true airspeed
of the order of 6 percent for high—speed flight at alti-—
tude.

The determination of the compressibillity correotion .,
is dlfficult and 1ts physical significance 1s obscure.
An anglysls by simple compressible—flow relations, as
pointed out 1n reference 1, provides a more direct compu—
tation of true alrspeed through the evaluation of flight
Mach number. A simple chart has been developed for the
direct determination of flight Mach number and true air-
speed for standard atmospheric conditions. Provisions
for obtaining true airspeed for conditions other than
standard have been lncluded in the chart.

EQUATIONS FOR DETERMINING FLIGHT MACH NUMBER

AXD TRUE AIRSPEED

By simple comnressible—flow relations, the preseure
difference between a total— and a static—pressure tube
can be shown to be a function of only two varlables, flight
Mach number and static pressure; that 1s,
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where

H tofal p?esaure, pounds per square fooé

p s8tatlc pressure, pounds per square foot
H flight liach number

¥ ratio of smecific heats (for air, 1.40)

Yor values of H — p and p, .which are functions of
indicated alrspeed and pressure altitude, respectively,
the flight Mach number can thus be determined explicitly.

The pressure difference H — p of equatior (1) may
also be eoxpressed in the form
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where

p air density, slugs per cubic foot

v true alrspeed, miles per hour

(H;P> c;lompressi'bility faotor (1 +--l-(§ + %—g)
' q dynamic pressure (% pv"‘>

and 22/15 18 the factor for converting miles per hour to
feet per second. Inasmuch as the indicated airspeed Vy
depends on only the value of the pressure difference

H -~ p, the relation between V; and E — p may be
determined from the airspeed—indicator calibration. The
usual calibration, in which the airspeed indicator is
indexed to read true alrspeed for standard soa—level con—
ditions, is assumed. The static pressure p 1in equation
(1) may bo determined from reforence 2 for values of the
pressure altitude.

By definition, the true airspeed is equal te the
flight Hach number times the speed of sound. Because for
standard conditions the speed of sound 1s defined for the
varlous altitudes, the true airspeed is determined for ary
value of Hach number and standard altitude. For conditions
other than standard, the value of the speed of sound a
in miles per hour is g€lven by the relation

16 [Yp [

where T 18 the ailr temperature in degrees Fahrenheit
absolute.

Figure 1 gives the variation of flight Mach number
with indicated airspeed for varlous values of pressure
altitude. lLines .of true sirspeed for standard atmospheric
conditlons have been superimposed on the basic plot of M
ageinst V3. ‘Provisions are included for determining true
airspsed for conditions other than standard., Additional
coples of flgure 1 may be obtained upon request from the
¥ational Advisory Committee for Aeronautics,




Table I gives -the vnlues of the standard atmosphere
derived from referemce 2 for general use in altituda
computations,

USE OF AIRSPEED—MACE NUMBER CHART

An exanple will 8erve to illustrate the use of the
airspeed-liach -number -chart (fig. 1) in the determination
of flight Hach number and true airspeed., The following
conditions will be assumed?

Indicated airspeed, V;, miles per hoUreeececssa.e 360
Preaaue altitude' hp' feet.l.'............l.ll 25'000

¥light Mach number 1ls determined by following the
¥y wvalue (360 mph) vertically upward to the hp curve
for 25,000 feet and reading this point of intersection
horizontally to the Mach numdber scale at the left, where
" a value of 0,745 1s indicated. The determination of
flight kach number by this method 1s independent of air
temperature,

True airspeed for standard conditions (-30,15° F at:
35,000 £ft) 1s obtained by reading from the intersection
of the given V4 with the h curve diagonally downward
to tho Vgig 8cale where a value of 516 miles per hour

is obtained. (See (a) on fig, 1.)

Truo airsespeed for the assumed values of indicated
ailrspeed and pressure altitude, but for a nonstandard
tempoerature — of 10° ¥, for example — 1is obtained by
reading from the interaection of the given Ti with the
hp curve horizontally to the O, or .soa—lovel, pressuroe—
altitude curve. X¥rom this intersodtion, tho reoading 1is
taken vortically downward to the 10° ¥ temporature line
and then horizontally to the V scale where a true—alrspeed
va%ue of 540 miles per hour 1s obtalned. (See (b) on fig.
1.

Langloy Memerial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., March 2, 1943.°
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TABLE 1
STANDARD ATMOSPHERIC CONDITIONS

. !

Altltude Pressure, p Temperature ’ Speed of sound Density
(ft) (1b/sq 'ft) (in. EBg) (1) (°F) [(OF abs.) (1) (-mph)\ (fps) (slugs/cu f'c)
-é,ooo 2273.9 2.1 1.0 66.1 2 22.92l |1.0138 | 766.2 | 1123.8 0.002520
-1,000 2193.9 %1.02 1.0% % 62. 5% ?z? 32 ,22.3&% 1.0029 763.6 | 1120.0 .002[),8
0 2116.2 23.92 1.0000 | 59.00 518 Lo 1 22.768 | 1.0000 761.0 | 1116.2 .002378
1,000 20%1.2 . .96&% 55.131 51,83 690 | .9931 758.3 1112.3. .002309
2,000 22.82 .929 21.87 511.27 22 611 | L9862 | 755. 1108.t .00221,2
,000 1896.2 8 8962 [,8.20] 507.70 32 | 979k | 753.1 | 110L.6 .002176
1,000 1827.6 25.8 .8626 | Lh.7L! 50L.1lL, 22. 53 | .9725 | 75045 | 1100.7 . 002112
,000 1760. 24.8 .8320! L1.1 00. ,22 7 <9656 | 7h7.8 | 1096.8 .0020
2 000 296 3 2%.93 .8813 %7.6g 97 gg 122, 293 .353g 7h5.1 | 1092.0 .oo19gg
ooo 1635.1 23,09 7716 | 3L.04 ga laa 21 951 7&2.3 1089.0 .001928
000 1571.5 22.22 | 7h271 30.47 L 122,133 | L9050 | 739, 1085.0 .001869
9,000 1512.1 21,38 | ,71h7| 26.90 u86 50 22 052 | .9381 | 737.1 | 1081.1 ,001812

10,000 1L55.6 20.58 68761 23.3L] LB2.7L . al 971 t .9312 | 3Ll | 1077.1 . 001756
11,000 1399, 7 19.79 «661L 1 19.77! L79.17 121, 890 | .9243 | 731.7 | 1073.1 .001702
12,000 13[5.9 19.03 ! 6359 16.21 L75. 61 i 21. 808 .9175 | 728,9 | 1069.1 .001648
13,000 1293, 6 18.25 | .61121 12.6l uz 21, z <9106 | 726,2 | 1065.1 | . .001536 '
1,000 1262.7 | 17.57 | .58731 9.07| LeB.ht 12164k | .9037 | 723.5 | 1061.1 .001545

15,000 1193.9 16.88  .5642; 5.51] L6L.91 |21.562 | .8968 | 720. 1057.0 .0014196
16 000 1146.5 16, 21 .gu18§ ?.Su L61.2L 121.479 | .8899 $17.g 105§.o .0014/,8
,000 1100.5 E .5202 ¢ -1.63: L57. 7 21.296 | .8831 | 15,2 1038.9 .001401
i 1 ,ooo 1056. 7 1 boWf992 -5.19 L5h.21 121.312 | .8762 | T2, 104). 8 .001355
i 19,000 1013%.5 1. 55 j .u79o -8.76 uso 6h 21.228| .8693 | 709. 1040.7 ,001311
20,000 972.5 13,75 ﬁz9u -12. 2 hh? 08 121.1 .862L | 706.7 | 1036.6 .001267
21,000 852.2 1%.18 05 -15. 21.083 .823 70L.7 | 1033.6 .001225
22,000 93.3 12,63 | Jh222 -19.L h39 9% 20.975 | .8 g 01.1 | 1028.32 001183
2%,000 855.8 12,10 i .LoLs -23. 02 L36. .890 | .8L) ng 102h.1 .001143
21,000 819.7 11.59 % .587 -26.59 h52. 20 80h 8349 595,3 1019.9 001103




25,000 785.1 11.10 +3709 |-30.15 u29.2g 20.718 | .8280 6%2.2 1015.7 .00106
26,000 751.1 10,62 .3550|-33,72| L25.68 |20. zz .8211 | 689, 1011.5 .00102
27,000 218.6 10.16 ‘5533 -27.29 Le2.11 |20, g .81l 686.5 1007.2 .000992
28,000 87.5 9.720 .32,,81-L0.85 u18.5g 20.0L5 .307L | 683, 1002.9 . 000957
29,000 6573 9.293% <3106 {=kh. L2} 414.98 (20,371 | .8005 | 680.9 998.7 . 000922
0,000 628.1 8. 880 .2968 |=L7.99] Li1.h2 [20.283 | .7936 | 678,0 . .000889
gl,ooo 600.0 8.183 .235& -51.55 uo7.gz 20,195 | .7 27 6%5.0 39%.8 .00085Z :
32,000 573.0 8,101 .27071-55.12| Lol.28 |20.10 L7799 | 672.1 985.7 .000826
33,000 5&6.2 7. 732 .2285 -58.68| 400.72 |20.01 <7730 | 669,1 981.L | ~ .000795
3[,,000 521. 1377 -2L65]-62.25| 397.15 119.929 | .T661 | 666.1 977.0 .000765
35,000 497.6 2-056 .23521-65.82| 393.58 119.839 | .7592 | 663.1 972.6 .000736
39,332 I 3-8 .92 2314 1-67.00| 292.L0 119.809 | .7569 | 662.1| 971.1 000727
36,000 L7l b 6.70 .22421-67.00 392,10 [19.809 | .7569 | 662.1 971.1 .ooozou
37,000 L52,% 6.592 .2137|-67.00| 392,10 19.809 | 7569 | 62,1 971.1 .000671
28,000 L31.2 6.09 .20371-67.00{ 392,L0 119.809 | 7569 | 62,1 | 971.1 .0006L10
39,000 411.1 5. 812 .19L3|-67.00| 392.L0 [19.809 | .7569 | 662.1 971.1 . 000610
10,000 391.9 5.541 .1852[-67.00{ 392.L0 [19.809 | .7569 | 662.1 971.1 . 000582
111,000 273,6 5.283 .1765(-67.00| 392.140 [19.809 | .7569 | 662.1 971.1 .000554
L2 ,000 356,2 .036 .1683 |-67.00| 392.40 119.809 | .7569 | 662.1 971.1 .00052
113,000 239,6 2.802 +16051-67.00| 392.40 [19.809 | .7569 | é62.1 971.1 . 00050
uz,ooo 323,8 L.578 .1530|-67.00{ 392.40 [19.809 | .7569 | 662.1 971.1 .000[81
L5,000 08.7 L.36l «14581-67.00| 392.40 [19.809 | .7569 1 662.1 971.1 .000459 . .
uz,ooo 2gh.2 u.;éo .1331 -67.00{ 392.1:0 |19.809 .7369 662,1 3%1.1 .000,i37 2.
ug,ooo 2 0.2 2,966 .1523 -67.,00{ 392.L0 [19.809 | .7569 | 662.1 971.1 .000L17 2.
418,000 267, 3,761 L1260 [-67.00] 392,010 [19.809 | .7569 | 662.1 971.1 » 000397 2.k
49,000 254.9 3, 60l +1205]=-67.00| 3%92.40 [19.809 | .7569 | 662.1 971.1 . 000379 2,
50,000 2l3,0 3.436 .1149-67.00| 392.40 [19.809 | .7569 | 662.1 { 971.1 .000361 2.
51,000 231.7 3,276 .1095 [-67.00| 392.40 |19.809 | .7569 | 662.1 971.1 .0003 1 2.
52,000 220.9 |. 3.12 .10l |-67.00( 392,10 |19.809 | .7569 | 662.1 971.1 .00032 2
| 53,000 210,56 2.978 .0996 [=67.00( 392.L0 |19.809 | .7569 | 662.1 971.1 .D00312 2.
501,000 200, 8 2.839 .0949{-67.00| 392.L0 119,809 [ .7569 | 662.1 971.1 . 000298 2.
,000 191.5 2.707 .0905{=-67.00| 392,L0 [19.809 | .7569 | 662.1 1.1 .00028L . 2
52,000 132.5 2.581 . 363 -67.00{ 392.L0 [19:809 | .7569 | 662.1 3$1.1 .000271 2.9
57,000 1Zu.o 2.0li60 .0822(-67,00| 392.40 119.809 | .7569 | 662.1 971.1 . 000258 3
58,000 1 3.9 2.346 .078l |-67.00| 392.L0 |19.809 | .7T7569 | 662.1 971.1 .0002[16 3
29,000 158, 2 2,237 | .O747[-67.00f 392.L0 |19.809 | .7569 | 662.1 | 971.1 ,00023) 3
K 0,000 150, 8 2.132 .071%{=-67.00] 392.40 |19.809 | .7569 | 662.1 971.1 . 00022} 3

1
Subsceript SL denotes 'sea level,"
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