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RESTRICTED  BULLETIN 

A SIMPLIFIED   CHART  TOE DETERMIffUTö MACH  3IUMBER  AND 

THUS  A IE SPEED  FROM  AIRSPEED-INDICATOR READINGS 

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 rolatively simple and leads to direct and accurate 
computation 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. 

UTTRODUCIIOII 

The pitt)t—static type of airspeed indicator in cur- 
rent use does not measure airspeed directly, but measures 
a pressure difference between a total— and a static- 
pressure tube.  The 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 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 
corr-ectlon for incompressible flow is sufficient; for • 
high—spood flight at altitude, however, the incompressible- 
flow relations do not apply and an added factor must be 
considered.  At high speeds, the ratio of the differential 
pressuro between a total— and a 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 Mach number for a 
given true airspeed will correspondingly vary and a 



correction will be required;  ITegle-ct of .this correction 
vill produce errors in the determination of true airspeed 
of the order of 5 percent for high—speed flight at alti- 
tude. 
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is difficult and its ph7sical significance 
An analysis by simple compressible—flow rel 
pointed out in reference 1, provides a more 
tat ion of true airspeed through the evaluat 
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standard have been included in the chart. 

ty correction 
is obscure, 
ations, AS 
direct compu- 

ion of flight 
oped for the 
and true air— 
Provis ions 
other than 

EQUATIONS POE DETERHIKING FLIGHT MACH NUMBER 

AM TRUE AIRSPEED 

By simple compressible—flow relations, the pressure 
difference between* a total— and a stat ic—pressure tube 
can be shown to be a function of only two variables, flight 
Mach number and static pressure; that is, 

y 
/    Y - 1 

k1 + H - p = p Ha) Y-1_ - 1 (1) 

where 

E  total pressure, pounds per square foot 

p  static pressure, pounds per square foot 

H  flight IIach number 

y     ratio of specific heats (for air, 1.40) 

Eor 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. 

4 

The pressure difference H — p  of equation (l) may 
also be oxpressed in the form 
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where 

p    air density, slugs per cubic foot 

7    true airspeed, miles per hour 

(—— ) compressi"bilit7 faotor  v1 + "Z" + 40 ) 

q     dynamic pressure I - pV ) 

and 22/15 is the factor for converting miles per hour to 
feet per second.  Inasmuch as the indicated airspeed  7^ 
depends on only the value of the pressure difference 
H — p,  the relation betveen 7^  and H — p  may "be 
determined from the air speed—indicator calibration.  The 
usual calibration, in which the airspeed indicator 1B 
indexed to read true airspeed for standard soa—level con- 
ditions, is assumed.  She static pressure  p  in equation 
(l) may "bo determined from reforence 2 for values of the 
pressure altitude. 

By definition, tho true airspeed is equal to the 
flight Mach number times the speed of sound.  Because for 
standard conditions the speed of sound is defined for the 
various alt-itudes, the true airspeed is determined for any 
value of Mach number and standard altitude.  2Por conditions 
other than standard, the value of the speed of sound  a 
in miles per hour is given by the relation 

-S/?- «.«V* 
where  T  is the air temperature in degrees Fahrenheit 
absolute. 

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



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

USX  OP  AIHSPEED-MACH  JTUHBEH   CHAET 

An   example will   serve  to   illustrate  the use   of  the 
airspeed—Hach-number • chart  (fig.   l)   in the  determination 
of  flight  Hach number   and  true airspeed.     The  following 
conditions   will  he   assumed? 

Indicated   airspeed,     Ylf     miles   per  hour  360 
Pressure  altitude,     hp,     feet...« ,    25,000 

Plight  Mach number   is  determined by following the 
VJL     value   (360 mph)   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   is   indicated.     The   determination  of 
flight  Hach  number   by  this method' is   independent   of  air 
temperature. 

True  airspeed  for   standard   conditions   (—30.15° P  at' 
25,000 ft)   is   obtained   by reading from   the   intersection 
of  the  given    Vj_     with   the    h       curve diagonally  downward 
to   the     Vgtä.     scale  where  a value   of   516 miles   per  hour 
is   obtained.     (See  (a)   on  fig,   1.) 

Truo   airspeed  for   the  assumed values   of   indicated 
airspeed  and pressure  altitude,   but  for  a nonBtandard 
temperature —  of  10°  P,   for   example —  is   obtained by 
reading from  the   intersection  of  the   given    T^     with  the 
hp     curve horisontally  to  the  0V   or.soa—lovel,   pressure— 
altitudo   ourvo.     Prom  this   intersection,   tho  reading  is 
taken vortically  downward to  the  10°  P  temporature  line 
and  then horizontally  tc  the V   scale  where  a true—airspeed 
value  of   540 miles  per  hour   is   obtainod.     (See  (b)   on  fig. 
1.) 

Langloy Memorial Aeronautical laboratory,- 
National Advisory  Committee  for  Aeronautics, 

Langley Pield,  7a.,  March  2,   1943. ' 
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TABLE I 

STANDARD ATMOSPHERIC  CONDITIONS 

OS 

Altitude 
h 

(ft) 

Pressure, p 

(lb/sq ft) (in.   Eg) P/PSL 
(1) 

Temperature 
t 

(°F) 
T 

(OF abs.) 
\pf TASL 

(1) 

Speed of sound 
a 

(mph) (fps) 

Density 
P 

(slugs/cu ft) 

Density 
ratio, o, 

P/pSL 
(1) 

(i/o 

-2,000 
-1,000 

0 
1,000 
2,000 
5,000 
I> ,000 

5,000 
6,000 
7,000 
8,000 
9,000 

10,000 
11,000 
12,000 
15,000 
14,000 

15,000 
16,000 
17,000 
18,000 
19,000 

20,000 
21,000 
22,000 
25,000 
24,000 

2275.9 
2195.9 

2116.2 
20kl.2 
1967.6 
I896.2 
1827.6 

I76O.k 
I696.O 
I655.I 
1571.5 
I5I2.I 

1455-6 
1599.7 
I545.9 
1295.6 
121(2.7 

1195.9 
11U6.5 
lioo.5 
1056.7 
1015.5 

972.5 
952.2 
§95-3 
855.8 
819.7 

52.15 
51.02 

29.92 
28.86 
27.82 
26.81 
25.81; 

2ij.. 89 
25.98 
25.09 
22.22 
21.58 

20.58 
19.79 
19.05 
18.29 
17.57 

16.88 
16.21 
I5.56 
if. 9*+ 
lU.35 

15.75 
15.18 
12.65 
12.10 
11.59 

1.0745 
I.O567 

1.0000 
.96% 
.9298 
.6962 
.8656 

.8520 

.8015 

.7716 
i -7^27 
:  .71^7 

j .6876 
. 66H4. 
.6559 

I  .6112 
I .5375 

j .5642 
I .5i+18 
i  .5202 ! 4992 

• 4790 

• |+59i+ 
.4405 
.1)222 
.404 
.587 

66.15 
62.57 

59.00 
55-^3 
51.87 
48.5O 
1+4-71+ 

41.17 
57.60 
54-?4 
59.I+7 
26.90 

25.54 
19.77 
16.21 
12.64 
9.07 

5.51 
i.?4 

-1.65 

-8,76 

-12.52 
-15.89 
-19.1+6 
-25.02 
-26.59 

525.53  22.92L 
521.96 I 22.846 

518.40 
511+.83 
511.27 
507.70 
504. 14 

500.57 
+97.00 

22.768 
22.690 
22.611 
22.552 
22.455 

22.575 
22.293 

495.44 !22.214 
489.87 j22.155 
486.50 • 22.052 

482.74 ': 21.971 
479.17  '21.890 
475-61 
472.04 
468.47 

464.91 
461.5k 
U57.78 
454.21 
450.64 

447.08 
444.51 
I+59.95 
456.38 
452.81 

21.808 
21.726 
21.644 

21.562 
21.479 
21.596 
21.512 
21.228 

21.144 
21.085 
20.975 
20.890 
20.804 

1.0158 
1.0069 

1.0000 
• 9931 
.9862 
.9791+ 
.9725 

.9656 

.9587 

.9518 

.9450 
• 9381 

.9512 

.9245 

.9175 

.9106 

.9057 

.8968 
-8899 
.8851 
.8762 
.8695 

766.2 
765.6 

761.O 
758.4 
755.8 
755.1 
750.5 

747.8 
745.I 
71+2.5 
759.8 
757.1 

73U-U 
731.7 
728.9 
726.2 
725.5 

720.7 
717.9 
715.2 
712.4 
709.6 

706.7 
704.7 
701.1 
698.5 
695.4 

1125.8 
1120.0 

1116.2 
1112-5 
1108.r 

H04.6 
IIOO.7 

IO96.8 
1092.n 

1089.0 
IO85.O 
108l.l 

1077.1 
IO75.I 
IO69.1 
IO65.I 
106l.l 

IO57.O 
IO55.O 
1048.9 
IO44.8 
1040.7 

IO56.6 
IO55.6 
IO28.5 
1024.1 
IOI9.9 

0.002520 
.0024l).8 

.002578 

.OO2509 

.002242 

.002176 
•. 002112 

.002049 

.OOI988 

.001928 

.OOI869 

.001812 

.OOI756 

.001702 

.001648 

.OOI596 

.001545 

.OOI496 

.001448 

.001401 

.OOI555 

.001511 

.001267 

.001225 

.001185 

.001145 

.001105 

1.0599 
I.O296 

1.0000 
. 97IO 
.9I+28 
.9151 
.8881 

.8616 

.8558 

. 8IO6 

.7859 

.7619 

.7384 
•715i+ 
.6931 
.6712 
.6499 

.6291 

.6088 

.5891 

.5698 

.5509 

• 532 
.511+1 
.£.971+ 
.4805 
.4640 

0.9713 
.9855 

1.0000 
1.0148 
1.0299 
1.0454 
1.0611 

1.0773 
1.0958 
1.1107 
1.1280 
1.14.56 

1.1657. 
1.1825 
1.2012 
1.2206 
1.2404 

1.2608 
1.2816 
1.5029 
1.5248 
1.51+73 

1.5701 
1.3937 
1.4179 
1.4426 
1.4681 



«es.; 

25,000 
26,000 
27,000 
28,000 
29,000 

30,000 
31,000 
32,000 
33,000 
34,000 

35,000 
35.332 
36,000 
37,000 
38,000 
39,000 

40,000 
41,000 
42,000 
43,000 
44,000 

45,000 
46,000 
47,000 
40,000 
49,000 

50,000 
51,000 
52,000 
53,000 
54,000 

55,000 
56,000 
57,000 
58,000 
59,000 
60,000 

785.I 
751.1 
710.6 
687.5 
657.3 

628.1 
600.0 
573.0 
546.9 
521.8 

489.8 
kith 
452.5 
U31.2 
411.1 

391.9 
373.6 
356.2 
339.6 
323.8 

308.7 
294.2 
280.5 
267.4 
254.9 

243.0 
231.7 
220.9 
210.6 
200.8 

191.5 
182.5 
174.0 
165.9 
158.2 
150.8 

11.10 
10.62 
10.16 
9.720 
9.293 

8.880 
8.4.83 
8.101 
7.732 
7.377 

7.036 
6.925 
6.708 
6.395 
6.096 
5.812 

I 
5.541 
5.283 
".036 
.802 

4.578 

I+.364 
4.l60 
3.966 
3.78I 
3.6o4 

3.436 
3.276 
3.I23 
2.978 
2.839 

2.707 
2.581 
2.460 
2.346 
2.237 
2.132 

.3709 

.3550 
'3397 
.3248 
.3106 

.2968 

.2834 

.2707 

.2583 

.2465 

.2352 

.2314 

.2242 

.2137 

.2037 

.1943 

.1852 
•^ 
.1683 
.1605 
.1530 

.1453 

.1391 

30.15 
33.72 
7.29 
.0.85 

44-42 
% 

.0905 

.0863 

.0822 

.0784 
• 0747 
.0713 

-47.99 
-51.55 
-55.12 
-58.68 
-62.25 

-65.82 
-67.OO 
-67.OO 
-67.OO 
-67.00 
-67.00 

-67.OO 
.67.00 
-67.OO 
.67.00 
-67.00 

•67.00 
.67.00 
•67.OO 
•67.00 
•67.00 

.67.00 
•67.00 
.67.00 
•67.OO 
.67.00 

•67.00 
•67.00 
•67.00 
•67.OO 
•67.00 
•67.OO 

425-68 
422.11 
418.55 
414.93 

411.42 
407.6s 
4o4.28 
4oo.72 
397.15 

393.58 
392.40 
392.40 
392.40 
392.40 
392.40 

392.40 
392.40 
392.40 
392.40 
392.40 

392.40 
392.40 
392.40 
392.40 
392.40 

392.40 
392.40 
392.40 
392.40 
392.40 

392.40 
392.40 
392.40 
392.40 
392.4o 
392.40 

20.718 
20.632 
20.545 
20.458 
20.571 

20.283 
20.195 
20.107 
20.018 
19.929 

19.839 
19.809 
19.809 
19.809 
19.809 
19.809 

19.309 
I9.809 
19.809 
19.809 
19.809 

19.809 
19.809 
19.809 
19.809 
19.809 

19.809 
19.809 
19.809 
19.809 
19.809 

19.809 
19.809 
19.809 
19.809 
19.309 
19.809 

.8280 

.8211 

.8143 

.3074 

.8005 

.7867 
• 7799 
•7730 
.766I 

• 7592 
.7569 
.7569 
.7569 
.7569 
.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

.7569 

692.5 1015.7 
689.6 1011.5 
686.7 
683.8 

1007.2 
1002.9 

680.9 998.7 

678.0 99^-3 
675.O 990.0 
672.1 
669.1 

985.7 
981.4 

666.1 977.0 

663.I 972.6 
662.1 971.1 
662.1 971.1 
662.1 971.1 
662.I 971.1 
662.I 971'. 1 
662.I 971.1 
662.1 971-1 
662.1 971.1 
662.1 971.1 
662.1 971.1 

662.1 971.1 
662.1 971.1 
662.1 971.1 
662.1 971.1 
662.I 971.1 

662.1 971.1 
662.1 971.1 
662.1 971-1 
662.1 971-1 
662.I 971.1 

662.1 971.1 
662.1 971.1 
662.1 971.1 
662.1 971.1 
662.1 971.1 
662.1 971.1 

.001065 

.001028 

.000992 

.000957 

.000922 

.OOO889 

.OOO857 

.000826 

.000795 

.OOO765 

.OOO736 

..OOO727 

.000704 

.OOO67I 

.000640 

.000610 

.000582 

.000554 

.000529 

.000504 

.000481 

.000459 

.000437 

.000417 
•.000397 
.000379 

.000361 

.000344 

.000328 

.000312 

.000298 

.000284 

.000271 

.000258 

.000246 

.000234 

.000224 

.4480 

.4323 
4171 
.4023 
.5879 

.5740 

.3603 
,.3472 
.3343 
.3218 

^.3098 
.3058 
..2962 
•.2824 
.2692 
.2566 

.2447 

.2332 

.2224 

.2120 

.2021 

.1026 

.1637 

.1751 

.I669 

.1591 

.1517 

.1447 

.I38O 

.1314 

.1253 

.0941 

1.4940 
1.5209 
1.5484 
1.5766 
1.6056 

1.6352 
1.6660 
1.6971 
1.7295 
1.7628 

1.7966 
1.8083 
1.837H 
1.8818 
1.9274 
1.9741 

2.0215 
2.0708 
2.1205 

2!2244 

2.2786 
2-5252, 2.3898 
2.4478 
2.5071 

2.R675 
2.6289 
2.6919 
2.7587 
2.8250 

2.8928 
2.9617 
3.0331 
3.1083 
3.1830 
3.2594 

Subscript SL denotes "sea level." 
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