
l 

-

RB March 194 

NA TIONAL ADVISORY COMMITTEE FOR A ERONAUTICS 

ORIGINALLY ISSUED 
March 1943 as 

Restricted Bulletin 

A SIMPLIFIED CHARr FOR DETERMINING MACH NUMBER AND 

TRUE ~PEED FROM AIRSPEED-INDICATOR READIN:}S 
1-

By Donald D. Baals and Virgil S. Bitchie 

langley Memorial Aeronautical laboratory 
Langley Field, Va. 

WASHINGTON 

NACA WARTIME REPORTS are r eprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre
viously held under a s ecurity status but are now unclas sified. Some of these reports were not tech
nically edited. All have been repr oduced without change in order to expedite general distribution. 

L - 471 



NAT,rONAJ. KJ)V ISQRY COMM ITTEE FOR URON~\U'r rcs 
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A S lEPL IF lED CHAR.T FO:a DET:cJR.I HI ETG rL~c:a: ~ru~1BER Art' 

1':aUE ,\.IRSPEED FROM AIR SPEED-INuICATOR RE_I.DUiGS 

By Donald D . Baals and Virgil S. Ritchie 

SUMHARY 

The d e t ermination of flight Mach number from meaSure
ments of indicated airspeed and pressure altit~de is shown 
to be r elative l y simple ana l eads to direct and accurate 
computation of t r ue airspee d . A simplified chart is pre
sented for determinin g fl':'ght Hach number ar.,d true airs:peed 
fo r a r ange of values 0: i ndicated airs~eed, pressure 
altitude , and ai r te.perature . A table of standard atmos
pheric values is i ncluded . 

INTR ODUCTION 

The ~itut-st a tic type of a':'rspeed indicator in cur
rent use does not measure airspeed directly, but measures 
a p ressure difference between a total- and a static
prossure tube. The instrument ca~ibration expresses this 
differenti a l p ressure in terms of airspeed for sea-level 
standard conditions . In order to det8~~ine true airspeed 
for conditions other than sea-level st ~2dardJ corrections 
must be app l ied to the indicat ed-airspeed readings . 
Installation ruld instrument errors are assumed to be 
included in t h e airspeed- indicator calibration. 

In 0 r d e r t 0 d \3 t e r min e t rue air s pee d for 1 0 w- s pee d 
fli ght co nd i tions at altitude , the usual density-r~tio 
correct~on for incompressible flow is su~ficic~t; for 
high-spocd flight at altitude, ho'rever, the incompressible
flow rel a tion s do not apply and an added factor mU3t be 
considered. At high speeds , t _e ratio of the differential 
pressure between a total- and a static-pressure tubo to 
th e dynamic ?ressure is greater than unity and is a func~ 
tion of the flight Mach number . Be cause the speed of 
sound yaries ',dth altitude , the flight He.ch nu:nber for a 
given true ai~speed wi ll correspondi ngly vary and a 
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correctio n will be required . Neglect of t hi s correc tion 
wi ll pr oduce errors in the d etermination of tr u e ai rs peed 
of the order of 5 perce t for high- speed fli gh t at a lti
t ude . 

The ~eterminat i on of the compressibility correction 
is difficult and its physi~a l si~nificance is obscure . 
An ana l ysis b y simple cO r.lp ressible-fJ. I rel ations , as 
pointed out in reference I, prov ides a more direct compu
tation of true ai r speed t h r ough the evaluation of fli ght 
Mach nUr.lbo r . A simple chart has been dev e loped for the 
dir ect determi nation of f li ght Yach numb er and true ai r
s pee d for standard atmos pheric co nditions . P r ovisions 
for obtainin g true airspeed for condition a othe r t~ an 

st andar d h a ve b een include d i n the chart. 

EQ,UATlons FOR D:STE::<XINI~W FLIGH T HAC'- NUlBER 

.U~i) TRuE A IP. r::: PEE D 

By simpl e comll ressible-fl ow rel a ti ons , the p ressure 
difference between' a total- and. a stati c-p r essure tube 
c an be s ~ own to be a function of only two v a riables , flight 
Mach numbe r and static pressure; tha t i s , 

H - pop [ (1 + Y ~ 1 r,o r~i -11 
where 

H total p r essur e , pounds pe r square foot 

p static p ressure , pounds per square fo o t 

fli ght Uach numb e r 

Y r a ti o of sne cifi c heats (f or air , 1 . 40) 

For v a lu es of H - P and p, .which are functicns of 
ind ica t e~ airs p~ed and p ressure a ltitude , res pe ctiv e l v , 

the fli ~h t flach numb er can thus be det e rmin ed exp lir.itly . 

T: e pressur e differelce H - P of equation (1 ) may 
also be exp ress e d in th e form 

~--. ---
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1 ~ ( _H _p) (22"~ H - p = 2 pV.c q lbj 

p air density , s l ugs per cubic foot 

V tr u e a irspeed , miles p er hour 

(H~p) ( \ ~ compressibility factor 1 
J..f 2 

+ 
4 

1<1. 4) + -40 

q c1.;y n am i c 1) res sur e ( ~ p V 2 ) 

·., • .J 

and 22 / 1b is the factor for convertin g mi l es p er h our , t o 
feet p er second . Inasmuch a s t he indicate d ai r s~eed Vi 
depends on only th 6 value of th e pr e ssur e d ifferer.ce 
H - P , the relation bet ·Jeen Y i an d H - 1> may be 
de t e r m i 11 e d fro m the a il' s pee d - in d i c a t 0 r ca l i b r a t ion . T 1: e 
usual c a libr a tion , in wh ich the a irsp ee d i ndiceto r is 
inde x e d to r ead true a irspeed for s t an d a rd sea- level C 02-

d i t ion S l is a ss um e d • T l! est at i c p r e s sur c p i n 0 q"t;. a t ion 
(1) may be d etermi n ed from ref e r enc o 2 fo r vnl~ce of t ho 
pr e s sure a ltitude . 

By de f in i tion , the true air spe ed is e qu~l t ~ the 
fligh t K c c~ number times t h e s p e e d of sound. Because fo r 
s tan d a r d cond iti ons the speed of so und is d efined for t~e 

v a rious a lt itudes , the true air sp e e d i s determined for SLY 
value of Ma c h nun ber an d st andar d a lti tud e. For c ond i tions 
other t h an stand a rd , the value o f th e sne ed o~ sou nd a 
in wiles pe r hour is given b y the re l a t ion 

• 
a 1 5 /"!R-= 3 3.425 {T 

22 \ P 

where T is the air temperature i n de gree s Fahrenhei t 
absolute . 

F i gure 1 gives t h e varia,tion of f li Ght Ea c h numbe r 
with indicated airsp eed for vari ous v a l u e s of pressur e 
altitude . Lines of true -irspee1 f or s t andar d at~ o sphc ric 

conditions have been superimpo sed on th e bas ic p l o t of K 
against Vi . Provisions are i n cluded for de t er mining t r u e 
a i rs p eed f or conditio n s other than s t a n dard, Add it iona l 
cop ies of fi g ure 1 may be obtained up on re qu es t f r om t h e 
lational Ad visor y Committee for Aerona u t ic s . 
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Table I g ives the values of the st andard a t mo sph er e 
derive c fr oB reference 2 for g e ner a l use in altitude 
c ompu t at io ns . 

USE OF AIRS PE ED-.ACE iUMBE3 CHART 

A~ exauple will ae rve to illus tr ate the use of t he 
n.irspeed.- Each "numbe r " c hart (fi g . 1 ) i n t he determination 
of f li gh t 11ach nu mber anc1 true a irspeed . • The follo Nin g 
conditi ons ~i ll be assumed~ 

I ndi c ated a~rspeed , 
Pres s ure a lt itude , 

Vi ' 
h-o ' 

miles per hour .... . .. o. 
f ee t . 0 •••••• ••••• • • 0 •• •• 

360 
25 , 000 

FliGnt f:a cb. num oer is cieterj!iined by following t h e 
Vi value (3 60 mph) v e rtic a lly upwar d t o th e hp curve 
fo r 25 , 000 feet a nd re a din g th i s po int of intersection 
horizo n te..ll y to the f1a ch n UL1ber s c a l e at the l eft , whe re 
a value of 0 . 745 is indicat ed . ~he determin a t i on of 
fli ~ht Each number b y this method " is indepe ~ dent of ai r 
tempe:c'ature . 

Tr ue airspeed fo: s t and.ard cond.itions (-30 . 15° F a t 
25 , 00 0 ft ) is obt ain e d by readin e f r oc the int e rsection 
of the ~ iven Vi with the h n curve diagonally downward 
to t h o Vstd scale Wl cre a v~l ue of 16 mil es pe r hour 

is ootainecl . ( See ( a ) on fi g . 1 . ) 

True ai rs p oe d for t he e..ssumed values of i ndica t ed 
ai r s 2 eed and p r essur e a lt itude , but for a nonstandard 
tempe r a ture - of 1 0 0 F , for examp l e - is obtained b y 
read ing f_om the int e rsect i on o! the g i v en Vi wi t h . the 
hp curve ho rizortt a l l;y to the 0 ,. o r s0a-le-,,-el , p ress\l.re-
a lti tude cu rve . From th~s intersection , tho ro ad i ng is 
taken vertically do · nward to the 1 0 0 F tecpo r atur e li ne 
and then b.orizontall y tn th~ V scale where a tr ue- ai r speed 
v a l ue of 5 4 0 miles pe r hour is obtained . ( See (b) on fig . 
1. ) 

Langley Memori a l Aeronautic a l Laborato r y ," 
Tati on a 1 Advisory Co mm itte e for Aero nautics , 

L ang l ey Fi e ld , Va ., arch 2 , 1 943 . 
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TABLE I 

STANDARD ATMOSPHERIC CONDITIONS 
" 

• I 
Alti tude Pressure, p Temperature Speed of sound Densi ty Density 

VI/a h P/PSL tiT VT T/TSL a p ratio, (], 
(ft) (lb/sQ ft) (in. Hg) (1) ( OF) (OF abs.) : (1) (mph) (fps) (slugs/cu ft) p/PSL ~ 

(1) 
I -. 

-2,000 2273.9 32.15 1.07~5 66.13 525.53 1 22.~~ 1. 0138 766.2 I 1123·8 0.002Q2.0 1.0599 0.9~13 
-1,000 2193.9 31.02 1.03 7 62.57 521.96 : 22. 4 1.0069 763.6 I 1120.0 • 002~8 1.0296 ·9 55 

I 
I 0 2116.2 2~.Q2 1.0000 59·00 518.40 :22'l68 1.0000 761.0 1 1116.2 .002378 1.0000 1.0000 

1,000 20~1.2 2 .86 .96~ 55·1.3 514.83 122. 90 .9~31 758.~ 1112·3 .002309 ·9710 1.0148 
I 2,000 1~ l.6 2l·82 .~29 41. 87 511. 27 22. 611 .9 02 755. 1108.· .002242 .9428 1.029~ , 

(,,000 1 9 .2 2 .81 · 962 8·30 507.70 ! 22.~32 .9794 753.1 1104.6 .002176 .~1~1 1. 0t5 I , ,000 1827.6 25·84 .8036 44.74 504.1~, 22. 53 ·9725 750.5 1100·7 '.002112 .81 1.0 11 
, 

5,000 lZ60. 4 2h.8~ .8320 41.17 aOO.57 . 22.373 •96t 71.7.8 1096.8 .0020~~ .8616 1.077~ 
6,000 1 96.0 23·9 .8013 37.60 , 97.00 , 22.29R ·95 ~ 745·1 1092.~ .0019 .8358 1'0093 ~,OOO 1633.1 23·09 I .7716 34. 041 4~3.~ 122.21 .9a1 742.~ 1089.0 .001~28 .8106 1.1107 

,000 1571. 5 22.22 I .7427 30.47 4 9. 7 ' 22.133 • 9 ~O 739· 1085. 0 .001 69 .7859 1.1280 
9,000 1512.1 21.38 .7147 26.90 486.30 ' 22.052 .93 1 737.1 1081.1 .001812 .7619 1.1~,56 

10,000 11..55.6 20·58 
I 

.6876 23.34 482.74 21·971 .9312 734.4 1077·1 .001756 .7384 1.1637 
11 ,000 1349•7 19· 79 .6614 19.77, 479.17 21.890 .9243 731.7 10p.l .001l02 'l15L 1.1823 
12,000 13 5.9 19.03 .6359 10.21 475.61 j21.808 .917~ 728.9 10 9.1 .001 48 • 931 1. 2012 
1~,000 12~.6 18.29 I .6112 12.641 4l2.Oh 121.726 .910 726.2 1065·1 .0015~6 .6712 1. 2206 
1 ,000 12 .7 17·57 I .5873 I 9·07 4 8.47 1 21 •644 .9037 723·5 1061.1 .001) 5 .6499 1.2404 ! 

; I 
I .st8 .001tl6 1.2608 15,000 114.3..9 16.88 

! .5642 5.511 1.64.91 j21'a62 720.7 1057.0 • 62~1 
I 16,000 11 6.5 16.21 .5418 1.94 461.3~ 21~ 79 .8 99 717.9 10a3.O .001 8 .60 8 1. 2.816 
, 1 ~,OOO 1100·5 1a· 56 , .a202 -1.63 457.7 21 .396 .883.1 715·2 10 8.~ .001401 .5891 1. 3029 
i 1 ,000 1056.7 1 .94 I • 992 -~.19 454.21 21.312 .8l62 

7
12·t 1044. I . 001355 .5698 1. 3248 

i 19,000 1013·5 14.33 I .4790 , - .76 450.64 21.228 .8 93 709. 1040.7 I .001311 .5509 1. 3473 

20,000 972·5 13· 7~ I 'M.94 -12.~2 447.08 12l.11* .8624 706.7 1036.6 .001267 · 532~ 1. 3701 
21,000 ~32.2 13.1 

I · 05 -15. 9 444.51 121. 0 3 :~a~~ 704.7 103~.6 .001225 'G14 1. £.937 : ?2.,000 93.3 12.63 i .4222 -19.46 439.9~ 20.~75 ZOl.l 102 .3 .001183 • ,~74 1. ,179 ' 
2~,000 855. 8 12.10 , .404a -23. .02 436.~ , 20. 90 • 8~,1 

9
8'4 1024.1 .001l43 .4 05 1.~2b 

2 ~ ,OOO 819.7 11. 59 i .387 -26·59 432. 1 120.804 .8349 ~95. 1019.9 .001103 .4640 1.4 81 i 
I , 

L.Lf -7 
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t 
t 
4 
4 

~ 
5 
5 
5 
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5 

5 
5 
5 
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~ , OOO 
,000 

~, ooo 
,000 

9, 000 

0,000 
1,000 
2,000 
~,OOO 

,000 

5,000 
~ , 3 32 ,000 
~ ,ooa 

, 000 
9,000 

0,000 
1,000 
2,000 
(,,000 
4- ,000 

5,000 
6,000 
~ , ooo 

, 000 
9,000 

J,ooo 
1,000 
2,000 
~,OOO 

,000 

~,OOO 
,000 

~,OOO 
,000 

9,000 
J,ooo 

1 
Subs cr i p t 

l __ 

785.1 11. 10 .3709 
751.1 10.62 . 3550 
118•6 10.16 133Z~ 87.5 9·720 ·32 + 
657.3 9. 293 . 3106 

628.1 8. 880 .Z~68 
600.0 8.LI. 83 .2 34 
573. 0 8.101 .2707 
546. ~ 7.732 ,Za83 
521. 7· 377 .2 65 

497.6 Z·03 6 . 2352 
484. 8 . 92a . 2314 
47 .4 6.70 . 2242 
452.3 6.3 9 ~ .2137 
431. 2 6.09 

•
2°R7 

411.1 5. 812 .19 3 

3g1.9 5 . 5~1 .1 8~2 
373.6 5· 2 3 .17 5 
350•2 

a· 036 .1683 
339.6 . 802 .1605 
323· 8 4· 578 .1530 

308.7 4.364 .1453 
2~4.2 4.160 .1391 
2 o. ~ 3. 966 .132~ 
2.67 • . 3.~81 .126 
254.9 3. 04 .1205 

2L.3. 0 3.436 .1149 
231. 7 3· 276 . 10~ 220·9 3.12~ .10 
210.6 2.°7 .094 200.8 2.839 .09 9 

1~1. 5 2·707 'Oe05 
1 2.5 2·

G
81 .0 63 

ll4. 0 2 • . 60 .0822 
1 ~.9 2.346 .0784 
15 .2 2.237 .0747 
150.8 2.13~ .0713 

SL de no tes 11 sea level. 11 

- 30.15 429 . 2a 20.~18 
- 33 · 72 425·6 20 . R2 
-7..7· 29 422 .11 20.~ S -40. 85 418 .5 ~ 20 • . 5 
-44. 42 414. 9 20·371 

-47. 99 411. ~2 20.283 
-51.55 407. a 20.195 
-5~.12 404.2 20.10~ 
-5 . 68 400.72 20.01 
- 02 . 25 397.15 19· 929 

-65. 82 393·G
8 19· 839 

-67.00 392 . ,0 19. 809 
-67.00 392 .L.0 19· 809 
- 67.00 392.40 19.809 
- 67. 00 392 . 40 19. 809 
- 67. 00 392 .40 19. 809 

- 67.00 392 .40 19. 809 
- 67.00 392.40 19· 809 
-67. 00 392 .40 19. 809 
- 67. 00 392.40 19. 809 
-67. 00 392 .40 19. 809 

- 67. 00 392 . 40 19. 809 
- 67. 00 392 . 40 19·809 
- 67 . 00 392 . 40 19· 809 
- 67.00 392. 40 19.809 
-67.00 392.40 19. 809 

- 67.00 392 . 40 19.809 
-67.00 392 . 40 19.809 
-67.00 392.40 19.809 
-67.00 392.4.0 19.809 
-67.00 392.L.O 19.809 

-67.00 392.L.0 19.809 
-67.00 392.L.0 19.809 
-67.00 392.4.0 19.809 
-67.00 392.4.0 19.809 
-67.00 392.L.0 19.309 
-67.00 392.40 19.809 

L-473 

. 8280 6~2.~ 1015.7 .00106~ . h480 1. L.9uo 

. 8211 6 9. 1011· 5 .00102 . L.323 1.520~ 
•GJ4t 686.~ 1007·2 . 000992 . 4171 1. sL 8 
. 807 683. 1002.9 .000957 .L.023 1. 576 
• Bo0 5 680.9 998.7 .000922 .3879 1. 0056 

I 

.7~36 .000889 .3Z40 1. 63~2 678.0 994.3 

.7 67 675. 0 990. 0 .00085Z 03 03 1. 60 ° 
·7799 6Z2.1 985.7 .00082 • 3~72 1. 6971 
.7730 6 9.1 981.4 .000795 .334§ 1. 729 ~ .7661 666.1 977.0 .000765 ·321 1. 762 

·7592 663.1 972.6 .000736 .3098 1. ~966 
.7569 662.1 971.1 .000727 .30~8 1. 08~ 
.7569 662.1 971.1 .000Z04 .2~ 2 1. 8~7 
.7569 662.1 971.1 .000 71 ;2 24 1. 8 18 
.7569 662.1 971.1 .0006L.0 .2692 1. 927~ 
·75'69 662.1 971.1 .000610 .2566 1. nL.l 

.7569 662.1 971.1 .000582 .2447 2.02la 

.7569 662.1 971. 1 .000554 .2332 2.070 

.7569 662.1 971.1 .000524 .2224 2.1205 

.7569 662.1 971.1 ,000ao .2120 2.171~ 

.7569 662.1 971.1 .000 81 .2021 2.224 

.7569 662.1 971.1 . 000459 .1~26 2.2786 

.7569 662.1 971 .1 .000437 .1 37 2.3~32 

. 7569 662.1 971.1 .000h17 . 1 Z~l 2. :1: 98 

. 7569 662. 1 971. 1 . 000397 .1 9 2.[..478 

.7569 662.1 971.1 .000379 .1591 2'·5071 

. 7569 662. 1 971.1 .000361 .1~17 2 . ~6p .7569 662.1 971. 1 .0003hl3 .1 ~7 2. 2 9 

.7569 662.1 971.1 .00032 .13 0 2.6919 . 

.7569 662.1 971.1 .000312 .1314 2. ~587 ! 

. 7569 662 . 1 971.1 .000298 . 1253 2. 250 

.7569 662.1 971.1 . 00028L. .11r 2.8928 

.7569 662 .1 971.1 .000271 .11 0 2.9617 

.7569 662.1 971.1 .0002
G

8 .10 7 ~.O~~" I .7569 662.1 971.1 .0002 6 •1035 3.10 3 
.7569 662.1 971. 1 .000234 .0987 3.1830 
.7569 662.1 971.1 .000224 .09ul 3. 2594 

"" 

~ 
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