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A SIMPLIFIED CHART FOR DETERMINING MACH NUMBER AND
TRUE AIRSPEED FROM AIRSPEED—INDICATOR READ INGS

By Donald D, Baals and Virgil S. Ritchie
SUMMARY

The determination of flight Mach number from measure—
ments of indicated airspeed and pressure altitude is shown
to be relatively simple and leads to 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 airspeed, pressure
altitude, and air temperature. A table of Standard atmos—
Pheric values is included. -

INTRODUCTION

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

In order to determine true airspeed for low—speed

. flight conditions at altitude, the usual density—ratio

correction for incompressible flow is sufficient; for
high—speed flight at altitude, however, the incompressible—
flow relations 40 not apply and an added factor must be
considered. At high speeds, the ratio of the differential
pressure between a total- and a2 static—pressure tube to

the dynamic pressure is greater than unity and is a func=
tion of the flight Mach number. Because the speed of

sound varies with altitude, the flight liach number for a
given true airspeed will correspondingly vary and a




correction will be reguired. Neglect of this correction
will produce errors in the determination of true airspeed

of the order of &5 percent for high—speed flight at alti-
tude.

The Getermination of the compressibility correction .
is difficult and its paysical significance is obscure.
An analysis by simple compressible—flow relations, as
pointed out in reference 1, provides a more direct compu—
tation of true airspeed through the evaluation of Wl iiehd
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 included in the chart.

EQUATIONS FOR DETERMINING FLIGHT MACH NUMBER

AXD TRUE AIRSPEED

By simple compressible—flow relations, the pressure
difference between a total— and a static—pressure tube
can be shown %o be a function of only two variables, flight
Mach number and static pressure; that is,
Y
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where

H total pressure, pounds per square foot

p static pressure, pounds per square foot

M flight lMach number

Y ratio of specific heats (for air, T On)

For values of H — p and p, .which are functions of

indicated airspeed and pressure altitude, respectively,
the flight Mach number can thus be determined explicitly.

The pressure difference H — p of equation (1) may .
also be expressed in the form
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where
P air density, slugs per cubie foot
v true airspeed, miles per hour
L (ol i fact 1 +'M2 M4
: ssibilit 2 —_— o+
q compre s% iy y éc or ) 20
: A 1 8
q dynamic pressure = o
~

and 22/15 is the factor for converting miles per hour to
feet per second., Inasmuch as the indicated airspeed V,
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 airspeed for standard sea—level con—
ditions, is assumed. The static pressure P in equation
(1) may be determined from reference 2 for values of the
pPressure altitude.

By definition, the true airspeed is equal teo the
flight Hach number times the speed of sound. Because for
standard conditions the speed of sound is defined for the
various altitudes, the true airspeed is determined for any
value of lMach number and standard altitude. ZFor conditions
other than standard, the value of the speed of sound a
in miles per hour is given by the relation
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where T is the air temperature in degrees Fahrenheit
absolute. : !

Figure 1 gives the variation of flight liach number
with indicated airspeed for various values of pressure
altitude. Lines of true ~irspeed for standard atmospheric
conditions have been superimposed on the basic plot of M
against Vj. Provisions are included for determining true
airspeed for conditions other than standard, Additional
copies of figure 1 may be obtained upon request from the
National Advisory Committee for Aeronautics.




Table I gives the values of the standard atmosphere
derivel from reference 2 for general use in altitude
computations.

USE OF AIRSPEED-MACH NUMBER CHART

An example will 8erve to illustrate the use of the
airspeed—iiach -number - chart (fig. 1) in the determination
of flight Mach number and true airspeed. The following
conditions will be assumed?

Indicated airspeed, 1
Pressure altitude, h

Vi, @miles per hoUrsisesvesss 360
ot $€8%ss susnvensrnnssnonew 26,000
Flight Mach number is deterwmined by following the
3 value (380 nph) vertically upward to the h curve
for 25,000 feet and reading this point of intersection
horizontally to the Mach number scale at the left, where
a value of 0,745 ig indicated. The determination of
flizght lach number by this method is independent of air
temperature, '

o

.
v

True airspeed for standard conditions (—30.15° F at.
25,000 ft) is obtained by reading from the intersection
of the given V3 with the hD curve diagonally downward
to the Vg igq scale where a value of 516 miles per hour

iswobteineds (See {a) on £igy 1.)

True airspeed for the assumed values of indicated
airspeed and pressure altitude, but for a nonstandard
temperature — of 10° ¥, for example — is obtained by
reading from the intersection of the given Vi with the
hP curve horizontally to the O, or sca—level, pressure—
altitude curve. From this intersection, thec reading is
taken vertically downward to the 10° F temporature line
and then horizontally to the V scale where a true—airspeed
va%ue of 540 miles per hour is obtained. (See (b) on fig,
l.

Langley Memorial Aeronautical Laboratory,
Nationeal Advisory Committee for Aeronautics,
Langley Field, Va., March 2, 1943,
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TABLE I
STANDARD ATMOSPHERIC CONDITIONS

T

Altitude Pressure, p Temperature Speed of sound Density Density
h p/pSL t T A[ T T/I'SL a p ratio, O, 1/0
(£t) (1b/sq ft)|(in. EHg) (1) (°F) |(OF abs.) (1) (~mph)‘ (fps) |[(slugs/cu ft) p/pSL
: : (1)
-2,000 2273.9 21 1.07 66.13| 525. 22, 1.012%8 | 766.2 | 1123.8 0.002520 1.0599 0.9713
-1,000 2193,9 21.02 1.03 % 62.57 223.82 >22.gi% 1.0069 | 763.6 @ 1120.0 .002[11,8 1.0296 .9855
i 0 2116.2 23.02 1.0000 | 59.00| 518,40 | 22.768 | 1.0000 | 761.0 | 1116.2 002378 1.0000 | 1.0000
‘" 1,000 20l1.2 28.86 96&% 55.L3| 514.8% |22.690 .9331 758.% 1112.3 .002309 .9710 1.01L8
| 2,000 13 Z.é 82 929 1.87| 511.27 |22.611 | .9862 | 755 1108.° .00222 a2 1.029
,000 1896.2 26.81 89621 [8.20| 507.70 122.5%2 | .979L | 753.1 | 110L.b .002176 .31 1 1.025
1,000 1827.6 25. 8L .86%26| LL.7h| 50L.1l '22.L53 | .9725 | 750.5 | 1100.7 , 002112 . 8881 1.0611
000 1760, 2l..8 .8%20 ! 1.17| 500.57 22.37 .9656 | TLT7.8 | 1096.8 .0020 . 8616 1.077
:ooo 1296.% 2%.93 , .8815{ 37, 60! 97.80 ‘22.293 .953g 75,8 1. 1092.2 ,0019§Z 8258 1.093
,000 1633, 1 23.09 | .7716| 3L.0L| L 3.%& 22.23 .951 7&2.3 1089.0 .001928 .8106 1.1107
,000 1571.5 22.22 | .h27| 30.L7 L89.87 '22.133 | .9450 | 739. 1085.0 .001869 . 7859 1.1280
9,000 1512.1 21.38 . .71Lh7| 26.90] L486.20 '22.052 | .9381 | 737.1 | 1081.1 .001812 . 7619 1.1L56
E i |
10,000 155.6 20.58 5 68761 23.3L| L82.74 21.971 | .9312 | 73L.L | 1077.1 .001756 738l 1.1637
11,000 1399.7 19.79 | .66l 19.77! L79.17 121.890 | .92L3 | 731.7 | 1073.1 .001702 154 1.1823
12,000 13[5.9 19.03 | .6359| 16.21 L75.61 [ 21.808 | .9175 | 728.9 | 1069.1 .001648 . 6931 1.2012
13,000 1293. 6 18.29 | .6112| 12.6l hZZ-Oh 121,726 9106 | 726.2 | 1065.1 .001526 L6712 1.2206
11,000 12L2.7 17.57 | .58731 9.07| L68.L7 |21.6LL 9037 | 723.5 | 1061.1 .001545 . 61199 1.2L0L
15,000 1193,9 16.88 | .56Lh2 5.51| L6L.91 |21.562 | .8968 | 720, 1057.0 .001496 . 6291 1.2608
12,000 1132.5 16.21 | .gu18} ?.Su L61.3) 121.079 | .8899 %17.3 1057,0 .0014,8 . 6088 1.2816
17,000 1100.5 15.56 | .5202 ' =1.63 L57.78 121.396 | .8831 | 715,2 1023. .001,01 .5891 1.3029
i 18,000 1056. 7 k.ol -} 5992 -3.19 L5L.21 |21.312 8762 | 712. 1ouu,g .001355 .5698 1.3248
. 19,000 1013.5 1k.33 | 4790 -B.76| L50.6L [21.228°| .8693 | 709. 10L0.7 .001311 . 5509 1.3473
20,000 2 13.75 | .L59L4 -12.32 1088215 .862L | 706. 103 6. 6 .001267 .5%2 1.3701
21,000 9;2.2 12.38 ; .hﬁgs -15.89 tﬁu.sl 21.083 .823 ;oh,; 10; 24 .001225 .Elug 1.3937 |
22,000 93.3 12.63 | L222 -13.L6 h59.9% 20.975 | .8LS 01.1 | 1028.3 .001183 . g7u 1.L179
23,000 855.8 12.10 | .LoL5 -23.02 536.3 20,890 | .841 Zgg, 102;.1 .0011L3 . 1,805 1.4426
21,000 819.7 11.59 | .387L -26.59| 432.81 | 20.80L 83L9 595,3 1019.9 .001103 L 610 1.L681




25,000 785.1 11.10 3709 |-30.15| L29. 28 16 8280 63 2 1015.7 .00106 .1y8o 1.L9Lo
26,000 7511 10, 62 3550(=-33,721 L25.6 ﬁ .8211 e 1011.5 .00102 .h325 1.520
27,000 218.6 10.16 .5395 -27.29| L22.11 3 .8;& 686. g 1007.2 .000992 JL171 1.5L8
28,000 87.5 9.720 22l -ﬂo.85 L18. 58 .807L | 683, 1002.9 .000957 hoza 1.576
29,000 657« 3 9.29% 32106 |=LL.L2| L1h.9 ao z71 .8005 | 680.9 998.7 .000922 .3879 1. 6056
0,000 628.1 8. 880 02968 1-L7.99| Lii.L2 |20.283 7936 | 678.0 X .000889 (o] 1.6%52
gl,ooo 600.0 8.1.8% .283L [-51.55| LO7.65 |20.195 i 27 6$5.o 395.8 OOOBSZ .5Z 03 1.62 0
32,000 573%.0 8.101 .2707 -55.12| LolL.28 |20.10 <7799 | 672.1 5.7 00082 .3l72 1. 6971
35,000 546.9 T.732 . Z -58.68| Loo.72 |20.01 +T730 | 669.1 981.L .000795 55&2 1-7293
31, ,000 521°é T.377 o2 -62.25| 397.15 [19.929 | .7661 | 666.1 977.0 000765 .3218 1.762
39,000 L97.6 .03%6 2352 |-65.82| 393.58 |19.839 | .7592 | 663,1 2.6 000736 3098 1.7966
52 ueﬁ.s 2.92 231, [-67.00 592 0 119.809 | .7569 662.1 331.1 . 000727 28 1.808
ooo L7hol 6.70 22L2|-67.00( 392.L0 |19.809 | .7569 | 662.1 971.1 .00070L 3 2 1.837
5 ,000 152, 3 6.39 2137|=67.00| 392.1:0 |19.809 | .7569 | g62.1 971.1 . 000671 1.881¢€
% ,ooo L31.2 6.09 .2037|=67.00| 392.L0 |19.809 7569 | 662.1 971.1 . 00060 .2692 1.9274
29,000 L11.1 5.812 <1943 |-67.00| 392.L0 [19.809 | .7569 | €62.1 971.1 .000610 2566 1.97L1
1,0 ,000 391.9 5.5%1 lu22 -67.00| 392.L0 [19.809 | .7569 | 662.1 CEAL St .000582 2L 2.021
141,000 37%,6 5.2 -67.00 592 Lo |19.809 7569 | 662.1 971.1 .00055); .2332 2.070
L2 ,000 256,2 . 1683 -67.00 392.40 |19.809 | .7569 | 662.1 971.1 .00052 2220 2.1205
uz ,000 329, 6 B doe 1605|-67.00| 392.L0 [19.809 | .7569 | 662.1 971.1 .000 o +2120 2ol
000 323,8 L.578 1530|-67.00| 392.L0 [19.809 | .7569 | 662.1 9T .000[81 2021 2.22l
15,000 308.7 L. 26l .1458|-67.00 392.L0 [19.809 | .7569 | 662.1 971.1 . 000059 .1926 2.2786
16,000 gh 2, L.160 .1291{-67.00| 292,50 [19.809 | .7569 | 662.1 Sl at . 000437 1637 2.33%2
ug ,000 E 3.066 1325|-67.00| 392.L40 [19.809 | .7569 | 662.1 971.1 .000L17 1221 2.2898
000 267. 3,781 126l |-67.00| 392.L0 |19.809 | .7569 | 662.1 971.1 .000397 L 2.[L78
h9 000 25L.9 2, 60l 1205 |=-67.00| 3%92.40 |19.809 | .7569 | 662.1 971.1 .000379 .1591 2.5071
50,000 2L3.0 3,136 1149 [-67.00| 392.L40 [19.809 | .7569 | 662.1 971, 1 .000361 E 2.26 5
51,000 2a T 3,276 «1095 (=67.00| 392.L0 [19.809 | .7569 | 662.1 971.1 .0005&% % 2.6289
52,000 220.9 3.12 10Lf [-67.00( 392.L0 |19.809 | .7569 | 662.1 971.1 .00032 0 2.6919
| 53,000 210.6 2.97 .0996|-€7.00 392,40 [19.809 | .7569 | 662.1 il .000312 131& 2.7587
54,000 200.8 2.839 .0949|-67.00| 392.L0 |19.809 | .7569 | 662.1 | 471.1 .000298 L1253 2.8250
»000 191.5 2. 707 305 -67.00| 392.L0 [19.809 | .7569 | 662.1 971.1 .00028L 1195 2,8928
ooo 182.5 2.581 0863 [-67.00| 392.L0 |19.809 | .7569 | 662.1 971.1 000271 11%0 2.9617
5g ooo Zu 0 2.[60 0822 |-67.00( 392,40 |19.809 | .7569 | 662.1 971.1 ooan 1087 3,0%31
000 2,346 078l |-67.00| 392.L0 |19.809 | .7569 | 662.1 971.1 .0002[16 1035 3,1083
9,000 158, 2,237 .07L7|-67.00| 292.L0 [19.809 | .7569 | 662.1 971.1 .00023); .0987 3,1630
o,ooo 150.8 2.1%2 .0713|=67.00| 392.L0 |19.809 | .7569 | 662.1 971.1 .00022); o9L1 3,259
1
Subscript SIL denotes "sea level." ~
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Airspeed — Mach number chart.

100

] T T .-“.-. v T
: S3TEEE s et
DO ) Q :W Wi
2 N m £ 4+H
A E L +H
S N NA w I Ny -+
3 N A \” “”I -
S ANNK b v ° 200 +HH
//// N NA w [ = MJIT
N N - el
iy i , MCnﬂl
RN NCRINCRD ..-'V < m .m.rlxll
N LYAYYAGN I ".M W!Il
AN N h N Q o o 111
RN \ S m L LB
“rf 4/ . ("8 :MO T
Jr”/ /// /r = “s ) ./fm..l[
L AN N N "N e ,n,m -1
(o) SRR NN nRgn o ,mxfl
a \Oﬂ\ N 4// iy E N,‘m I B
N A, o E Ll
s LHF@AU NIINRNGS C RPN m%,m pag
resctn st vl v s N xa - —4 b
7 B e YEANN 3z LX8s TH
(O. { » // = “!lr‘
o
7 = o //Ir/ ~ .m..“ny]
= 0
SR -, 8 23T
/S S S -
7 y £ N &ﬁl N
-.ewc. r J\\o /N/ N/ N
SRR RRRE R
AR SRR
"4 v \V NN AR
N 4 v & I// NS
/ IQJV 7 N JT& 2 //I
N/ NARN N
% A 7 7 7 7| NN N\ N
# i/ \/\. AT ANONR \ §
’ / F, N . 11
4 N4 AR = /4 N NONANN g
A V7 1SN 3 4 NNONONN
4l 4 / 1A VA | /// J
7
7 < A N vV & 7 m / / //
Al £ N
y SEEP 3 ) R
I~ .M i A / > Lz Ia 7 N7 N
N
» ay.ar ) A A4 ¥4 b N N
T 4 A y B 7
: H A N L
H I = £ A N Q
/ A 4 ~
L "/ m A ™ 7 5 ¥ o
H =1 | N N b N u
i s 1 - A N 1]
1 -~ A ~I L
L ™~ ™ I~ ¢ ;
< - 4 7 9
- ] 1 i~ 4Na ),
H - e u N QWin {7 h
I ~ t - = 7 SN
| . - 4~ - 7 A
! - ™~ ™ N %
| ~ N 5
5— - .Il e H »
\a = = = N A N
N = me LI o
o- = - ] ] g
! ~ 14 in o
L Sim =
M— =
I
1l
L1
LA

/.O

= = . X & -
W “aequinu yooyy yyby




