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NACA PREFACE 

The National Advisory Committee for Aeronautics (NACA) of the United 
States of America has calculated the tables and prepared the figures of a 
standard atmosphere based upon the text, reproduced herein, of the "Manual 
of the ICAO Standard Atmosphere," International Civil Aviation Organi- 
zation (ICAO) draft of December 1952. Detailed tables of pressures and 
densities are given for altitudes up to 20,000 meters and to 63,000 feet. 

The ICAO Standard Atmosphere was officially accepted and adopted by 
the National Advisory Committee for Aeronautics on November 20, 1952 at 
Washington, D. C. Accordingly, this standard atmosphere supersedes the 
tables and figures of NACA Report 218, "Standard Atmosphere - Tables and 
Data," by Walter S. Diehl. 

In view of the expected widespread utilization of this manual, the 
NACA has made every effort to insure technical exactness. To minimize 
the possibility of errors, the tables were computed, assembled, and 
master copies printed in final form entirely by automatic computing 
machines. The tables are reproduced from the master copies by a photo- 
graphic process. Comparison has been made of these tables with parts 
of the tables that were independently computed by the Italian Government 
and all discrepancies have been resolved. 

The tables and figures were prepared under the technical direction 
of Mr. William J, OtSullivan, Jr., of the NACA Langley Aeronautical 
Laboratory, with the assistance of Dr. W. G. Brombacher of the U. S. 
National Bureau of Standards and Mr. L. P. Harrison of the U. S. Weather 
Bureau in the capacity of consultants. Operation of the computing machines 
was performed under the supervision of Mr. Thomas B. Andrews, Jr., who 
was assisted by Mr. Charles A. Clark and Kiss S. Dare Blalock of the 
Iangley Aeronautical Laboratory. 
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MANUAL OF THE ICAO STANDARD ATMOSPHERF: 

CALCULATIONS BY THE NACA 

FOREWORD 

As the result of reconmendations made by the Airworthiness, the 
Operations, and the Meteorological Divisions, the ICAO Cowcil at a meeting 
on 23 June 1950 agreed that a joint subcommission of the Commission for 
Aeronautical Meteorology and the Aerological Canmission of the International 
Meteorological Organization be established to discuss with representatives 
of ICAO the problem of establishing a detailed specification and data of 
the ICAO standard atmosphere defined in general terms in Part I of Annex 8 
(standards and Recommended Practices for the Airworthiness of Aircraft). 

A working group consisting of the above mentioned representatives 
met in ~ u l ~ / ~ u ~ u s t  1950 in Montreal and established a proposal for a 
detailed specification of the ICAO standard atmosphere. This proposal 
was included in Doc 7041 (ref. 1) and at the beginning of 1951 was cir- 
culated to all contracting states for comments. 

On 7 November 1952 the ICAO Council approved the detailed specifica- 
tion of the ICAO standard atmosphere in accordance with Doc 7041 and 
directed the Secretary General to publish the detailed specification and 
its associated tables and diagrams in the form of this technical manual. 

This manual is intended to facilitate the uniform application of the 
ICAO standard atmosphere defined in Annex 8 (ref. 2) and to provide the 
users of the standard atmosphere with convenient sets of data that are 
accurate enough for all practical uses and are based on internationally 
agreed physical constants and conversion factors. For practical engi- 
neering purposes, the data contained herein may be considered equivalent 
to those of previously adopted standard atmospheres. 

1.- INTRODUCTION 

1.1.- This manual contains a detailed specification of the ICAO 
standard atmosphere defined in Annex 8 (ref. 2) to the Convention of 
International Civil Aviation, together with tables and diagrams showing 
the detailed characteristics of the standard atmosphere. 

1.2.- The basic data of the specification are given herein mainly' 
in the fundamental c.g.s. system of units. The data in the actual tables 
and diagrams of the standard atmosphere are'given in terms of the basic 
units meter-kilogram(weight) -second, meter-kilogram(mass ) -second, foot- 
pound(weight ) -second and f oot-pound(mass ) -second. 
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1.3.- The equations representing the relationship between meteoro- 
logica l  and physical quantit ies sat isfying the ICAO standard atmosphere 
are  deduced on the basis of estabilished meteorological and physical 
theory. 

1.4.- The basic data and conversion factors  used are  i n  accord with 
l a t e s t  authori ta t ive values. 

1.5.  - It has been shown by Gregg ( r e f .  3) i n  NACA Rep. 147 t h a t  the 
primary variables (pressure, temperature, and density) of a standard 
atmosphere based upon cer ta in  simple assumptions, such as those given 
i n  Section 2 of t h i s  manual, were i n  f a i r l y  good agreement with average, 
annual values of those variables observed a t  about la t i tude  40' i n  North 
America up t o  an a l t i t ude  of about 20,000 meters (65,000 f e e t ) .  Such a 
standard atmosphere may therefore be regarded as a sui table  reference 
basis f o r  cer tain elements i n  the f ree  a i r  (excluding those dependent 
on water vapor) up t o  20,000 meters (65,000 f e e t ) .  The extension of the 
standard atmosphere t o  above 20,000 meters (65,000 f e e t )  as an approxi- 
mation t o  the average conditions a t  those a l t i tudes  must s t i l l  await the 
col lect ion and analysis of a considerable number of re l iab le  upper a i r  
soundings . 

2 .  - BASIC ASSUMPTIONS 

2 -1. - Composition of Air 

2.1.1.- The a i r  of the standard atmosphere i s  assumed t o  be dry and 
t o  have the following composition at  a l l  a l t i tudes  considered: 

Constituent gas Mole fract ion,  percent 

Nitrogen 
Oxygen 
Argon 
Carbon dioxide 

Neon 

Helium 

Hydrogen 

Xenon 

Ozone 

Radon 
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2.1.2.- The molecular weights of the gases constituting dry a i r  a re  
as follows : 

Molecular weight 
Constituent gas (0 = 16 .OOOO) 

Owgen (04 
Nitrogen ( N ~ )  

Argon (A) 
Carbon dioxide (cop) 
Neon (Ne) 
Helium ( ~ e )  
Krypton (e) 
Hydrogen (H*) 
Xenon ( ~ e )  
Ozone (03) 
Radon ( ~ n )  

2.1.3.- The apparent molecular weight of dry a i r  (M) as  deduced 
from the data i n  2.1.1 and 2.1.2 above i s  M = 28.966 gr- per mol. 

2 - 2 .  - Absolute Temperature Scale ( ~ e f  . 4) 
The absolute temperature ( i n  degrees Kelvin, OK) of the melting 

point of ice  under a pressure of 1,013,250 dynes cm-2 i s  taken as 

Temperatures (T) on the absolute scaie are given by ( r e f .  5 )  : 

where .t = temperature on the thermodynamic Celsius scale ( O C ) .   o or 
rel-ationship between "K, OR, and "F, see paragraph b- .4 .  ) 
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2.3.- Standard Pressure at  Sea Level* 

The standard pressure at  sea level* i s  taken as 
Po = 1,013,850 dynes eme2 i n  the c .g.s. system. This pressure corre- 
sponds t o  the pressure exerted by a column of mercury 760 ma high, having 
a density of 13.5951 gm cm-3 and sub jeet  t o  a gravi tat ional  acceleration 
of 980 -665 cm see-2 ( re f .  5 )  . 

2.4. - Perfect Gas Law 

The a i r  i s  assumed t o  obey the perfect gas law, which, i n  the 
c.g.s. system of uni ts ,  may be wri t ten as 

where 

P density of a i r ,  gm cm-3 

P pressure, dynes 

T absolute temperature, % 

R gas constant f o r  1 gram of dry a i r ,  ergs g m - ' ( ~ ~ ) - ~  

Adoption of equations (1) , (2 ) )  and (3) i s  equivalent t o  assuming t h a t  
the coefficient of cubical expansion of dry a i r  i s  1/273.16 per OC. 

2.5.- Gas Constant f o r  Dry Air 

The value of the gas constant f o r  dry a i r  ( r e f .  4) i n  the c . g . s . sys- 
tem is  

6 R = 2.8704 x 10 ergs gm-'((9) (4)  

The value of R i s  determined from the relationship 

* 
The term "sea level"  herein means a l eve l  surface a t  mean sea l eve l  

of the geoid. 
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where 

F$+ = gas constant for ~ 1 gram mol (1 gmol) of ideal gas 

M = apparent molecular weight of dry air 

= 28.966 gm mol-l 

Accepting the value cited by Birge (ref. 6) for F, namely, 

Rz = 8 .31436 x 107 ergs rnol-l(o~) -' 
the foregoing numerical value of R, rounded to the fourth decimal place, 
results. 

2.6. - Hydrostatic Equation 
The air is assumed to be in hydrostatic equilibrium and to satisfy 

the differential equation 

where, in c.g.s. units, 

P pressure, dynes cm-2 

P density (specific mass), gm cm-3 

Z vertical distance, cm 

g gravitational acceleration, cm 

2.7.- Unit of Vertical Displacement 

2.7.1.- The vertical displacement is herein expressed in units of 
geopotential (refs. 7 and 8). Geopotential is defined in differential 
form by the equation: 



where 

a l t i tude  measured positively upwards a t  a point 

positive (absolute numerical) value of the acceleration 
due t o  gravity a t  the point 

geopotential a t  the point 

dimensional constant, the  amount of which determines the 
magnitude of the unit of H i n  t e r n  of length and time. 
  he dimensions of G are  i n  units of gZ per uni t  
of H.)  

2.7.2. - Mean sea level  (a l t i tude  = 0) i s  taken as the zero datum of 
geopotential. Hence, 

Geopotential therefore represents a measure of the gravitational poten- 
t i a l  energy of unit mass re la t ive  t o  zero a l t i tude .  Each point i n  the 
atmosphere has a defini te  geopotential, since g i s  a function of l a t i -  
tude and al t i tude;  and zero a l t i tude  i s  a surface of zero potent ial  
energy of a m a s s  under the action of gravity, re la t ive  t o  the datum. 

2.7.3.- The uni t  of geopotential H i n  the c.g.s. system of units 
i s  1 cm2 and, since, i n  c.g. s. units, g i n  equation (7) i s  
i n  cm secm2 and Z i n  cm, 

The uni ts  of geopotential H, adopted f o r  the tables  and diagrams i n  
Sections 5 and 6, are  the following: 

(a) Metric system: 

Name of u n i t :  Standard geopotential meter 

Symbol : m ' 

Magnitude : 



When g is  i n  m ~ e c - ~  and Z i n  m, 

(b) English system: 

Name of u n i t :  Standard geopotential foot 

Symbol : f t '  

Magnitude : 2 -2 1 ft4 = 0.3048 x 1 m '  = 0.3048 x 9.80665 m sec 

or 1 f t '  = 32.17405 f t 2  secm2 

When g i s  i n  f t  sec-2 and Z i n  f t ,  

The factor  0.3048* i s  used on the assumption tha t  

and 
0.3048 meter = 1 foot  

0.3048 m '  = 1 f t '  

2.7.4. - The significance of the units of geopotential defined i n  
,paragraph 2.7.3(a) and (b) may be visualized from the consideration, 
based on equation (6) ,  t ha t  a ver t ica l  upward displacement of 1 geo- 
metric meter (1 geometric foot )  a t  a point where loca l  gravity has the 
value 9.80665 m sec-2 (32.17405 f t  sec-2) w i l l  correspond with an increase 
of one standard geopotential meter (one standard geopotential foot ) .  

2.7.5.- Since loca l  gravity varies only by small percentual amounts 
over the ear th up t o  the elevations contemplated i n  t h i s  manual, the 
number of geometric meters ( f ee t )  representing the elevation of a point 
i n  the atmosphere i s  closely approximated by the number of standard geo- 
potent ial  meters (standard geopotential f e e t )  representing the geopoten- 
t i a l  of the point. Therefore, f o r  engineering purposes the values of 
geopotential given i n  m' ( f t '  ) may be taken as values of a l t i tude  
expressed i n  meters ( f ee t ) .  

* 
This round value has been accepted by the U. S. National Bureau of 

Standards and the Cornonwealth Standard Laboratories as the camon basis 
on which the American and Br i t i sh  representation of the "foot" should be 
unified when necessary l ega l  provision is  forthcaming. 
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2.8.- Standard Temperature a t  Sea Level 

2.8 -1. - The standard temperature a t  sea l eve l  (zero a l t i t ude )  to 
is  adopted as 

2.8.2.- In terms of the absolute temperature scale,  the standard 
temperature at  sea l eve l  To then becomes, i n  accordance with equa- 
t ions (1) and (2) 

The above value of To i s  consistent with modern thermodynamic data and 
pract ice.  

2.9. - Standard Density (specif ic  Mass) of Air a t  Sea Level 

2.9.1. - I n  accordance with equation (3) the standard density or  
spec i f ic  mass of a i r  a t  sea l eve l  (zero a l t i t ude )  p may be expressed 

0 
as 

- '0, i n  c.g.s. un i t s  P o - - -  
R To 

13y subst i tut ion of the previously adopted values 

R = 2.8704 x 106 ergs gm-L(o~) - l  

Po = 1,013,250 dynes 

To = 288.16'~ 

t h i s  yields 

po = 0.0012250 gm cm-3, i n  c.g.s. uni ts  

2.10.- Specific Weight of A i r  

For the computation of specif ic  weight i n  the standard ataosphere 
the convention i s  adopted that gravi tat ional  acce le ra t l~ i i  118s the con- 
s t an t  value gs = 980.665 cm src-*; hence, specif ic  weight i s  expressed 
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as gspo. It i s  t o  be noted tha t  t h i s  quantity i s  given on a conven- 

t iona l  gravi tat ional  basis and, therefore, does not take account of the 
variation of g with a l t i tude  such as observed i n  the ac tua l  atmosphere 
a t  any la t i tude .  The standard specif ic  weight of a i r  at  sea level  
expressed i n  c.g.s. uni ts  i s  

2.11.- Lapse Rate and Vertical Temperature Structure 

of the Standard Atmosphere 

2.11.1. - The adopted value of the lapse r a t e  (- 2 = a) i n  the 

troposphere i s  the following constant: 

( a )  In terms of standard geopotential meters 

a = 0 . 0 0 6 5 ~ ~  m l - l  1 
(b) In terms of standard geopotential f e e t  

a = 0.00356616~~ f t  "l 

( c )  In terms of the c.g.s. uni t  of H 

a = 6.628153 x loW8 OC cm-2 sec2 

Accordirgly i n  the troposphere 

T = T o - a H  

where a, H, and To are i n  consistent units. 

2.11.2.- It i s  assumed tha t  the troposphere may be extrapolated 
below the sea-level datum on the basis of equation (13), with the speci- 
f i ed  values of the constants as given i n  equations (8) and (12). 

2.11.3.- It i s  assumed tha t  the tropopause i s  a t  the level  where 
the temperature, T, i n  accordance with equation (13) becomes 

T* = T 
0 

- a ~ "  = 216.66"~ 

This temperature on the Celsius scale i s  

t* = - 5 6 . 5 0 ~ ~  
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where the superscript asterisk (*) is employed to denote conditions at 
the tropopause (for example, pressure F, density p*, temperature W )  . 

2.11.4.- In the stratosphere the temperature is assumed to remain 
constant at the temperature of the tropopause (T"). 

3.- RELATIONSHIP BETWEEN VARIAT3L;ES 

The following relationships are to be understood as expressed in 
any system of consistent units. 

3.1.- Pressure and Vertical Displacement 

3.1.1.- In Troposphere 

Substituting equation (13) in equation (3), equation (6) in equa- 
tion (5), and combining the results gives 

Integrating the right hand'member between limits of 0 and H gives 

Let 

Then, 

From equation (17), using the consistent numerical values of G, 
a, and R, 

n = 5.2561 (dimensionless) (19 1 

3.1.2.- In Stratosphere 

From equations (3) and (14) 
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Substitution of equations (6) and (20) i n  equation (5) gives, fo r  the  
stratosphere, a f t e r  a simple reduction 

Integrating the right-hand member between the l imi ts  H* and H, 

I n - = -  ( H - A * )  
P R F  (22) 

where P i s  the pressure at  the  tropopause. 

Using common logarithms, t h i s  equation becomes 

L e t  

Then equation (23) becomes 

Substituting the part icular  value H* (geopotential of the tropo- 
pause) for  H ip equation ( l8) ,  the pressure a t  the tropopause, P, 
i s  given by 

Thus, 
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and with Po = 1013.250 mb, 

P+ = 226.32 mb 
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Taking logarithms of equation (26) and combining the r e su l t  with equa- 
t i o n  (25) 

3.2.- Density and Vertical Displacement 

3.2.1.- I n  Troposphere 

Substituting equation (13) i n  equation (3),  then by logarithmic 
different iat ion:  

dP Eliminating - between equations (15) and (311, 
P 

Integrating the right-hand member between the l imi t s  0 t o  H, 

and n - 1 = 4.2561 i n  accord with equation (19). where n = - 
aR7 

3.2.2.- I n  Stratosphere 

Since the temperature i n  the stratosphere i s  assumed t o  have the 
constant value T", equation (3) gives 

where P i s  determined by equation (30). 
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Dividing equation (34) by equation (9) gives 

Taking common logarithms of t h i s  equation gives 

Substituting the right-hand member of equation (30) f o r  log 

taking l? = To - all* gives 

The term (n - 1 )  loglO(E) is  a constant. Its value is  

Equation (37) may be rewritten 

3.3.- Pressure and Vertical Displacement 

3.3.1.- In Troposphere 

Solving equation (18) for  H as  a function of P gives the r e su l t  

L 

3.3.2.- In  Stratosphere 

Solving equation (30) f o r  H as a function of P 
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The value of the constant term in brackets may be derived from equa- 
tions (26) and (27). 

3.4.- Mean Temperature and Vertical. Displacement 

3.4.1.- The mean temperature (TA) of the air column between verti- 
cal displacement 0 and H is the harmonic mean satisfying the 
condition 

This definition applies equally well to troposphere and stratosphere, 
but the explicit expression for (T~) as a function of H differs in 

the two cases. 

3.4.2.- In Troposphere 

From equation (13) by differentiation 

Substituting equation (43) in equation (42) and integrating, 

In accordance with equation (44), the mean temperature of the air column 
from sea level to the tropopause is expressed by 

This equation may be rewritten 
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3.4.3. - In Stratosphere 

In the equation 

where the upper l imi t  i n  the second and th i rd  integrals denotes any 
selected l imit  of pressure i n  the stratosphere, the f i r s t  term, which 
applies t o  the troposphere, may be expressed i n  accordance with equa- 
t ion (15) as 

The second term i n  the left-hand member of equation (47), which applies 
t o  the stratosphere, may be expressed i n  accordance with equation (21) as 

Substituting equations (3) and (6) i n  equation ( 5 )  gives 

Integrating equation (50) gives 

In accordance with equation (42), equation (51) may be written 

From equations (46) and (48) 
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Substituting equations (kg), (52), and (53) in equation (47) gives 

Hence, in the stratosphere, 

3.5.- Coefficient of Viscosity 

Under the conditions of temperature and pressure obtaining in the 
standard atmosphere, the viscosity of air is a function of temperature 
only. According to laboratory investigations (ref. 9 ) , the coefficient 
of viscosity is given by Sutherland's equation 

where 

c1 coefficient of viscosity at temperature T 

pi coefficient of viscosity at temperature Ti 

S Sutherland's constant, which is equal to 120 when T 
and Ti are in degrees Kelvin 

Accepting the datum given by Birge (ref. 10) for the coefficient 
of viscosity at 23OC, viz: 

equation (56) yields 

At temperature T~ = 288.16%, equations (56) and (57) yield 
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From equation (56) the following relat ion i s  derived: 

3.6. - Kinematic Viscosity 

The kinematic viscosity, v, i s  defined by 

3.7.- Speed of Sound 

The speed of sound cs i n  dry a i r ,  regarded as an ideal. gas, is  
given by the c lass ica l  equation 

Cs =p)'I2, i n  c.g.s. units 

where 

and 

C~ 
specific heat of dry a i r  a t  constant pressure 

Cv specific heat of dry a i r  a t  constant volume 

Substituting equation (3) i n  equation (61) 

I f  cSi i s  the speed of sound i n  dry a i r  a t  the temperature Ti, then 

from equation (62) 
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Similarly 
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where Cso is the speed of sound in dry air at the temperature at sea 

level in the standard atmosphere, To. 

The value assumed (ref. 11) for cSi is 331.45 m see-l. 

4.- PRESENTATION OF TABLES AND DIAGRAMS 

4.1.- The data of the ICAO standard atmosphere as contained in the 
tables and diagrams of Sections 5 and 6 are computed on the basis of 
the assumptions and relationships given in the preceding sections. 

4.2. - In the preceding sections the basic data and physical con- 
stants of the standard atmosphere are given mainly in the fundamental 
centimeter-gram-second (c .g. s . ) system of units. Since the c .g . s . units 
are too small for most aeronautical engineering purposes, the meter, the 
kilogram, and the second are used as the basic units for the metric tables 
in Section 5 and the foot, the pound, and the second for the English 
tables in Section 6. In those tables, unless otherwise indicated, the 
kilogram (kg) and the pound (lb) are used as units for force (weight). 

4.3.- The basic factors adopted for conversion from metric to 
English units are: 

0.3048 meter = 1 foot* 

and 

0.4535923 kilogram = 1 poundH 

36 
This round value has been accepted by the U. S. National Bureau of 

Standards and the Commonwealth Standard Laboratories as the common basis 
on which the American and British representation of the "foot" should be 
unified when necessary legal provision is forthcoming. 

This value is based on an informal understanding between the 
National Bureau of Standards (washington, D.C. ) and the National physic$. 
Laboratory (~eddington, ~ngland) that this rounded quantity would be 
convenient if the English speaking nations could arrive at a uniform 
Sasis of conversion from the metric to the English system of units. 
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4.4. - In accordance with equations (1) and (2), absolute tempera- 
tures on the thermodynamic scales of Kelvin (%) and Rankine (%) are 
given by : 

where 

and 

Thus, 

where 

hence 

4.5.- In  accordance with Section 2.7, the vert ical  displacement i s  
expressed i n  units of geopotential. For the purpose of the tables and 
diagrams i n  the metric system, g i n  equation (7) is  i n  m ~ e c - ~ ,  
Z i n  m, and H i n  standard geopotential meters ( m ) .  For the tables 
and the diagrams i n  the English system, g is  i n  f t  seee2, Z i n  f t ,  
and H i n  standard geopotential f ee t  ( f t ' ) .  The standard geopotential 
meter (or standard geopotential foot)  is  equal (ref .  4) t o  9.80665 m2 
(or 0 .j048 x 9.80665 m2 The constant G becomes then 

9.80665 m2 sec-2 m ' - 1  i n  the metric system and 0.3048 x 9.80663 m2 
f t t - l  i n  the English system. 
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5.- STANDARD ATMOSPmRE - TABLES AND FIGWS IN METRIC UNITS 

In the following tables and figures the elevation i s  given as geo- 
potential (H)  i n  geopotential meters (m ) For engineering purposes 
the elevation i n  geopotential meters may be considered equivalent t o  
al t i tude (z) i n  meters (m) i n  accordance with paragraph 2.7.5. 
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METRIC TABLE I.- TEMPE.RATURE, PRESSURE, AND DENSITY AS FUNCTIONS 

OF GEOPOTENT IAL (ALTITUDE ) 

H 

rn' 

- 5000 - 4950 - 4900 - 4850 - 4800 - 4750 - 4700 - 4650 - 4600 - 4550 

~ ~ 1 0 2  

rnb 

PXIO'! 

rnm Hg 

133277. 
132568. 
131863. 
131161. 
130461. 
129765. 
129072. 
128381. 
127694. 
127010. 
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METRIC TABLE I - C o n t i n u e d  
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METRIC TABLE I - Continued 
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METRIC TABLE I - Continued 
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M@mlIC TABU I - Continued 

H t T T, P X I O ~  P X I O ~ ,  px102 P X I O ~  ~ ~ 1 0 ~  I  H 

kg 
rn' "C O K  O K  rnb rnrnHg rn' m4 "73 
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METRIC T A B U  I - C o n c l u d e d  

H f T T, px103 px103 px103 p ~ ~ 0 6  p ~ ~ 0 5  H 
kssec2 5 x 1 0 6  P x 1 0 7  PXIO~ (%)-T 

rn' 'C OK "K rnb rnrn Hg --;;;q-- ,3 6 5 rn' 
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METRIC T A B U  11.- S P E C I F I C  WEIGECT, VISCOSITY, KINEMATIC VISCOSITY,  

AND SOUND SPEED AS FUNCTIONS OF GEOPOTENTIAL (ALTITUDE) 

p p , ~ ~ ~ 4  pV1o3 p ~ ~ ~ ~ O  px109 V X I O ~  ~ 3 x 1 0 ~  H 
m, 9 kg(mass) kg sec kg(mass) & 

2 c  m' m3 mZsec2 m2 m s e c  sac 
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METRIC TABLE: I1 - Continued 
- 

H p g , ~ 1 0 ~  p g , x 1 0 ~  ~ X I O "  @lo9 vx105 C S X I O ~  H 
, kg kg(mass) kg sec kg(moss) & - P 

& x l o 5  
m3 mZsec2 me m sec sec 

- 
set "0 

m' 

. - ~ .  .. 
75u 11392. 11172. 18039. i7690; 
aoo 11337. 11117. 18023. 17674. 
850 iirai. 11063. 18006. 17658. 
900 11226. 11009. 17990. 17642. 
950 11171. 10955. 17973. 17626. 
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METRIC TABI;E I1 - Continued 

H p ~ s ~ ~ 0 5  p g s ~ ~ ~ 4  p ~ ~ o i O  px109 ~ ~ 1 0 ~  cSxlo3 H 
rn A x 1 0 6  rn, kg kg(moss) kg sac kg(rnoss) & - 

sec "0 rnl rn3 rnesece ,e m sec sac 
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METRIC TABLE I1 - Continued 
H pg,x105 pgsx104 ~ X I O ~ O  px109 vx105 csx103 H 

C" xi06 kg kg(rnass) kg sec kg[moss) & - ",' - -  :c "so m' m2sec2 ' rn2 rn Set 
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METRIC TfX3L;E I1 - Continued 
H p a x 1 0 5  pgs~~04  y x ~ ~ ' O  ~ ~ 1 0 ~  V X I O ~  cSx1o3 H 

"x i06  m, kg kg(moss) kg sec kg(mass) & - 
sec '$0 m1 m3 m2sec2 m2 SeC set 
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METRIC TABLE I1 - Concluded 

H pgSx1o5 p g s ~ ~ 0 4  P X I O ~ O  p ~ 1 0 9  vx104 csx103 H 
C"x106  m, kg kg(mass) kg sec k e s )  & - - -- 

m3 m2sec2 m2 m Sec sac sec m ' 
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METRIC TABLE 111.- GEOPOTENTIAL (ALTITUDE) IN GEOPOTENTIAL METERS 

AS A FUNCTION OF PFW3SURE IN MILLIBARS 

4 mb 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 
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METRIC TAEKlX I11 

0.02 0.03 0.04 

- Continued 
0.05 0.06 
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METRIC TABLE 111 - Continued 
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METR 

0.02 

17593 
17585 
17577 
17569 
17562 
17554 
17546 
17538 
17530 
17522 

17514 
17507 
17499 
17491 
17483 
17475 
17468 
17460 
17452 
17444 

17437 
17429 
17421 
17414 
17406 
17398 
17390 
17383 
17375 
17367 

17360 
17352 
17345 
17337 
17329 
17322 
17314 
17307 
17299 
17291 

17284 
17276 
17269 
17261 
17254 
17246 
17239 
17231 
17224 
17216 

17209 
17201 
17194 
17187 
17179 
17172 
17164 
17157 
17149 
17142 

17135 
17127 
17120 
17113 
17105 
17098 
17091 
17083 
17076 
17069 

17061 
17054 
17047 
17040 
17032 
17025 
17018 
17011 
17003 
16996 

16989 
16982 
16975 
16967 
16960 
16953 
16946 
16939 
16932 
16924 

16917 
16910 
16903 
16896 
16889 
16882 
16875 
16868 
16861 
16854 

- Continued 

0.05 0.06 
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METRIC TABLE I11 - Continued 
4 mb 0.00 0.01 0.02 0 . 0 3  0.04 0.05 
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METRIC TABLE I11 

0.2 0 . 3  0.4 

- C o n t i n u e d  

0 . 5  0 . 6  
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METRIC TABLE I11 - Continued 
mb 0.0 0.1 0.2 0 . 3  0.4 0.5 0.6 0.7 0.8 0.9 
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.IC ' TAB 

0.3 

- Con 

0.5 

tinued 

0.6 0.7 q rnb 

300. 
301. 
302. 
303. 
304. 
305. 
306. 
307. 
308. 
309. 

310. 
311. 
312. 
313. 
314. 
315. 
316. 
317. 
318. 
319. 

320. 
321. 
322. 
323. 
324. 
325. 
326. 
327. 
328. 
329. 

330. 
331. 
332. 
333. 
334. 
335. 
336. 
337. 
338. 
339. 

340. 
341. 
342. 
343. 
344. 
345. 
346. 
347. 
348. 
349. 

350. 
351. 
352. 
353. 
354. 
355. 
356. 
357. 
358. 
359. 

360. 
361. 
362. 
363. 
364. 
365. 
366. 
367. 
368. 
369. 

370. 
371. 
372. 
373. 
374. 
375. 
376. 
377. 
378. 
379. 

380. 
381. 
382. 
383. 
384. 
385. 
386. 
387. 
388. 
389. 

390. 
391. 
392. 
39s. 
394. 
395. 
396. 
397. 
398. 
399. 



NACA TN 3182 

METRIC TAE5L;E 

0.2 0 . 3  

- Continued 

0.5 0.6 



NACA TN 51-82 

METRIC TABU I11 

0. 2 0 . 3  0.4 

- Continued 

0.5 0.6 
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rnb 

600. 
601. 
602. 
603. 
604. 
605. 
606. 
607. 
608. 
609. 

610. 
611. 
612. 
613. 
614. 
615. 
616. 
617. 
618. 
619. 

620. 
621. 
622. 
623. 
624. 
625. 
626. 
627. 
628. 
629. 

630. 
631. 
632. 
633. 
634. 
635. 
636. 
637. 
638. 
639. 

640. 
641. 
642. 
643. 
644. 
645. 
646. 
647. 
648. 
649. 

650. 
651. 
652. 
653. 
654. 
655. 
656. 
657. 658. 
659. 

660. 
661. 
662. 
663. 
664. 
665. 
666. 
667. 
668. 
669. 

670. 
671. 
672. 
673. 
674. 
675. 
676. 
677. 
678. 
679. 

680. 
681. 
682. 
683. 
684. 
685. 
686. 
687. 
688. 
689. 

690. 
691. 
692. 
693. 
694. 
695. 
696. 
697. 
698. 
699. 

MEXBIC TABLE I11 

0.2 0.3 0.4 

- Continued 
0.5 0.6 



NACA TN 3182 

METRIC TABLE I11 - Continued 



rnb 

800. 
801. 
802. 
803. 
804. 
805. 
806. 
8C7. 
808. 
809. 

I C  TAB 

0.3 

- Cont 

0.5 

inued 

0.6 

W//'**<</NiY 

NACA TN 3182 
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METRIC 

0.2 

TABU I11 - Continued 
0 . 3  0 . 4  0 . 5  0 . 6  
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METRIC 

0.2 

Cont 

0.5 

107 
9  8  
9  0  
8  1  
7  3  
6  5  
56 
4  8  
4  0  
3  1  

2  3  
15 
6  - 2  - 10 - 19 - 27 - 35 - 44 - 52 

- 6 0  - 68 - 7 7  - 85 - 93 
-101 
-110 
-118 
-126 
-134 

-143 
-151 
-159 
-167 
-175 
-184 - 192 
-200 
-208 
-216 

-224 
-233 
-241 
-249 
-257 
-265 
-273 
-281 
-289 
-297 

-306 
-314 
-322 
-330 
-338 
-346 
-354 
-362 
-370 
-378 

-386 
-394 
-4 02 
-410 
-418 
-426 
-434 
-442 
-450 
-458 

-466 
-474 
-482 
-490 
-498 
-506 
-514 
-522 
-530 
-537 

-545 
-553 
-561 
-569 
-577 
-585 
-593 
-601 
-608 
-616 

-624 
-632 
-640 
-648 
-655 
-663 
-671 
-679 
-687 
-694 
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METRIC TABU I11 - Continued 

mb 0.0 0.1 0.2 0.3 , 0.4 0.5 0.6 0.7 0 .8 0.9 
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I+IE!IRIC TAEE I11 - Continued 
< mb 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 .8 0.9 



METFXC TABLE 111 - Continued 

P, mb 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
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METRIC Continued 
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METRIC TABU I11 - Continued 
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METRIC TABLE 111 - Concluded 

mb 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
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AS A FUNCTION OF PRESSURE I N  MILLIMETERS OF MElRCURY 
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METRIC 

0.02 

Cont 

0.05 

18745 
18733 
18720 
18707 
18695 
18682 
18670 
18657 
18645 
18632 

18620 
18607 
18595 
18583 
18570 
18558 
18546 
18533 
18521 
18 509 

18497 
18485 
18472 
18460 
18448 
18436 
18424 
18412 
18400 
18388 

10376 
18364 
18352 
18340 
18328 
18317 
18305 
18293 
18281 
18269 

18258 
18246 
18234 
18223 
18211 
18199 
18188 
18176 
18 164 
18153 

18141 
18130 
18118 
18107 
18095 
18084 
18073 
18061 
18050 
18039 

18027 
18016 
18005 
17993 
17982 
17971 
17960 
17948 
17937 
17926 

17915 
17904 
17893 
17882 
17871 
17860 
17849 
17838 
17827 
17816 

17805 
17794 
17783 
17772 
17761 
17750 
17740 
17729 
17718 
17707 

17697 
17686 
17675 
17664 
17654 
17643 
17632 
17622 
17611 
17601 

inued 

0.06 
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METRIC TABLE IV - Continued 
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METRIC TABLE IV - Continued 



NACA TN 3182 

METRIC TABLE IV - Continued 
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Continued 

0.05 0.06 



ME;TRIC TABLE IV - Continued 
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METRIC TAB1;E IV - Continued 
P,mmHg 0.0 0.1 0.2 0.3 0 . 4  0.5 0.6 0.7 0.8 0.9 
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METRIC TABU IV - Continued 

P,mmHg 0.0 0.1 0.2 0 . 3  0 . 4  0.5 0.6 0.7 0 .8 (1.9 
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METRIC TABU IV 

0.2 0.3 0.4 

Continued 

0 . 5  0.6 
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METRIC TABU IV - Continued 
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METRIC TiBL;E IV 

0.2 0.3 0.4 

- Continued 

0.5 0.6 
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METRIC TABLE IV - 
0.1 0 . 2  0.3 0.4 

Continued 

0.5 0.6 
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METRIC TABLE IV - Continued 
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METRIC TABLE IV - Continued 

P,mmHg 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 .8  0.9 
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METRIC TAB= IV - Continued 
E m m H g  0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 .-a 0.9 
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METRIC TABLE IV - Continued 
P,rnrnHg 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
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METRIC TABLE IV - Continued 
e m m H g  0.0 0.1 0.2 0.3 0.4 0.5 0.6 0 .7 0.8 0.9 
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METRIC TABLE IV - Concluded 

P , m m H g  0.0 0.1 0.2 0.5 0.4 0.5 0.6 0.7 0 .8 0.9 
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Metric Figure 11.- Specific weight pgs, viscosity p, kinematic 
viscosity v, sound speed cs, and sound-speed ratio cs/cSo 
against geopotential H. 
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6 .- STANJMRD ATMOSPHERE - TABL;ES AND FIGURES IN ENGLISH UNITS 

I n  the following tables  and figures,  the elevation is  given as  geo- 
potent ial  (H) i n  geopotential f e e t  ( f t ' ) .  For engineering purposes 
the elevation i n  geopotential f e e t  may be considered equivalent t o  a l t i -  
tude Z i n  f e e t  ( f t )  i n  accordance with paragraph 2.7.5. 
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ENGLISH TABLE I.- TEMPEE3ATURE, PRESSURE, AND DENSDY 

AS FUNCTIONS OF GEOPOTENTLAL (ALTITUDE) 

H t T 5 PXIOZ PXIOZ ~ ~ 1 0 ~  p ~ ~ d  lb 5ec2 Ib,mmsl ~ ~ 1 0 ~  Cx1o5 g x l o 5  gxio4 ($j1-2x10' I ft. 

ft' O F  T OR mb 3 in ~q 6.4 fP 
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ENGLISH TABLE I - Continued 
H t T P X I O ~  pxio2 pxo4 pxi07 pxio6 H 

OR mb m , ,g ib sec2 ib(ms1 e x l *  $XI# gxio4 &-+xo1 ft. 
ft' 'F OR f12 ft4 ft3 
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ENGLISH TABLE I - Continued 

H t T 6 PXI$ fxio2 fx104 p x l d  px106 H 
xlo5 *xio4 &)-~XIO' ft, 

ft' O F  O R  O R  

mb & - in"g JLSsE I b o * x 1 0 5  7% 
ft2 (14 ft3 
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ENGLISH TABLE I - Continued 

H I T r, P X ~ O ~  P X I D ~  px104 p~107 px106 H 

ft' "F OR 
mb in Hg lb see2 ~ b ( m s s l  6 x 1 0 ~  $x1o6 $'lo5 & j -4  f t S  

ft2 ft4 f+3 
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ENGLISH TABLE I - Continued 
H t T 6 PX IOVX lo2 . px104 p ~ 1 0 7  xi06 H 

ft' OF OR OR mb in lb S W ~  ib(mssr p o 6  +lo6 g x l o 5  &-* ft, 
ft2 ft4 ft3 
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ENGLISH TABU I - Continued 

H t T T, P X I ~  PXIO? ~ ~ 1 0 ~  px107 p x lo6 H 

ft' OF OR OR mb m in Hg lb sec2 ~b(mos~ 6~10~ $x106 gx105 &-' 
ft2 7 ft3 ft' 
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ENGLISH T A B U  I - Continued 

H t T T, P X I O ~  P X I O ~  . ~ ~ 1 0 5  p ~ 1 0 8  p ~ ~ 0 6  H 

ft' "F 'R 
mb & in , lb sec2 Ib~massl jf .lo6 f &)-' 

ft2 ri4 ft3 
ft' 
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ENGLISH TABLE I - Continued 



ENGLISH TABU I - Concluded 

H t T 6 px 103 PX 103' px105 px108 px107 H 

~ ~ 1 0 7  *x1o5 tt, 
mb - lbsec2 Ibo p, 

ft' 'F "R "R $ in ~g - 
ft4 ft3 
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ENGLISH TABLE 11.- S P E C I F I C  WEIGHT, VISCOSITY,  KINEMATIC VISCOSITY, 

AND SOUND SPEED AS FUNCTIONS OF GEOPOTENTIAL (ALTITUDE) 

H pgs x lo5 pgs x lo4 x lof' x 109 v x lo4 cs x lo2 H 
A x  105 

~b mass) Ib(mass) ft2 c+ 
ft' & IbfT f t  sec sec sec ft' 
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ENGLISH TABU I1 - Continued 
pPs x lo6 pgs x lo4 x loii x 18 v x lo4 cs x lo2 H 

AX lo5 
ft, IJ- Ib(rnass) ~b Sec ~b(mass) tt2 L Q 

sec ft' 
tt3 ftzsec2 ft2 f t  set 
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ENGLISH TP;BU I1 - Continued 
pgs x ~ ~ 6  pgs lo4 10" x 109 u x 104 cs lo2 CS H 

- x lo5 
~b Ib(mass) , Ib sec Ibbass)  ft2 '% 

ft' - sec ft' 
ft3 ftpsec2 f t2  - f t  sec 
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ENGLISH TABLE I1 - Continued 

H pPs x lo6 pgs x 104 x 10" p x lo9 v x lo4 cs x 10' H 
S x  106 

mass) ib sec Ib(mass) ft2 ft cq, 
ft, #k b7- = = ft' 
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ENGLISH TABU I1 - Continued 

H pPs x 106 pgs x lo4 loll x lo9 x 104 cs x lo2 Cs H 
-x lo6  

ft, Ib(mass) fb sec Ib(mass) ft2 " c% 
sec ft' 

ft3 ft2,$ f t2  f t  sec set 
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ENGLISH TABJZ I1 - Continued 
H ~ ~ , X I O ~ ~ ~ , X I O ~  , . L ~ I O "  , L X I O ~  r x 1 0 4  C ~ X ~ O '  H 

- x  106 
ft, & Ib(rnoss) % Ib(moss) ft2 t+ C% 

ft3 ft2sec2 f t2  f t  sec set sec ft' 
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ENGLISH TABLE I1 - Continued 

H p ~ s  x lo6 pqs x lo5 x 10" x loi0 x lo4 cs x 103 H 
2 x 1 0 6  

f+, Jb- Ib6mas;) Ib sec Ib(mass) ftZ +t C+ 
ft3 ft sec ft2 ft sec set set ft' 
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ENGLISH TABLE I1 - Continued 
- .  

pgs x 106 pgs x 105 x 10" x 1oI0 v x lo4 cs x lo3 H 
C ' X  106 

, I Ibimos;) (b SeC lbimoss) & '% ft' 
ft3 f t s e c  ft2 ftsec see 
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ENGLISH TABLE I1 - Concluded 

pPs x to7 ,,gs i lo5 x 10" x 10" v x lo3 cs x lo3 cS H 
-x  lo6 

I lb(mos;) It)? Ib(mas) tP n '% 
sec ft' 

ft' ft3 t t 2 w c  f t  sec set 
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ENGLISH TABIX 111. - GEOPOTENTIAL (ALTITUDE) IN GEOPOTENTIAL FEET 

A S  A FUNCTION OF PRESSURE I N  MILLBARS 
-- -. . - -. - 
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ENGLISH TABLE I11 

0.02 0.03 0.04 

- Continued 
0.05 0.06 0.07 P, rnb 

60.0 
60.1 
60.2 
60.3 
60.4 
60.5 
60.6 
60.7 
60.8 
60.9 

61.0 
61.1 
61.2 
61.3 
61.4 
61.5 
61.6 
61.7 
61.8 
61.9 

6 2.0 
6 2.1 
62.2 
62.3 
6 2.4 
6 2.5 
62.6 
62.7 
62.8 
62.9 

63.0 
63.1 
63.2 
63.3 
63.4 
63.5 
63.6 
63.7 
63.8 
63.9 

64.0 
64.1 
64.2 
64.3 
64.4 
64.5 
64.6 
64.7 
64.8 
64.9 

65.0 
65.1 
65.2 
65.3 
6 5.4 
65.5 
65.6 
65.7 
65.8 
65.9 

66.0 
6 6.1 
66.2 
66.3 
66.4 
66.5 
66.6 
66.7 
6 6.8 
66.9 

67.0 
67.1 
67.2 
67.3 
67.4 
67.5 
67.6 
67.7 
67.8 
67.9 

6 8<. 0 
68.1 
68.2 
68.3 
68.4 
68.5 
68.6 
68.7 
68.8 
68.9 

69.0 
69.1 
69.2 
69.3 
69.4 
6 9.5 
69.6 
69.7 
69.8 
69.9 
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ENGLISH TABLE I11 

0.02 0.03 0.04 

- C o n  

0.05 

inued 

0.06 
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ENGLISH TABU I11 - Continued 

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 
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P, rnb 

90.0 
90.1 
90.2 
90.3 
90.4 
90.5 
90.6 
90.7 
90 .8 
90.9 

91.0 
91.1 
91.2 
91.3 
91.4 
91.5 
91.6 
91.7 
91.8 
91.9 

92.0 
9 2.1 
92.2 
9 2.3 
92.4 
92.5 
92.6 
92.7 
92.8 
92.9 

93.0 
93.1 
93.2 
93.3 
93.4 
93.5 
93.6 
93.7 
93.8 
93.9 

94.0 
94.1 
94.2 
94.3 
94.4 
94.5 
94.6 
94.7 
94.8 
94.9 

95.0 
95.1 
95.2 
95.3 
95.4 
95.5 
95.6 
95.7 
95.8 
95.9 

96.0 
96.1 
96.2 
96.3 
96.4 
96.5 
96.6 
96.7 
96.8 
96.9 

97.0 
97.1 
97.2 
97.3 
97.4 
97.5 
97.6 
97.7 
97.8 
97.9 

98.0 
98.1 
98.2 
98.3 
98.4 
98.5 
98.6 
98.7 
98.8 
98.9 

99.0 
99.1 
99.2 
99.3 
99.4 
99.5 
99.6 
99.7 
99.8 
99.9 

ENGLISH 

0.02 

- Continued 
0.05 0.06 
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ENGLISH TAIBIX I11 - Continued 
P, mb 0 . 0  0.1 0 .  2 0.3 0 . 4  0 . 5  0 . 6  0.7 0 . 8  0 . 9  
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ENGLISH TMLE I11 - Continued 

P, mb 0 . 0  0 . 1  0 . 2  0 . 3  0 . 4  0 . 5  0 . 6  0 . 7  0 . 8  0 . 9  
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ENGLISH T B I X  I11 - Continued 
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ENGLISH TABLE 111 - Continued 
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ENGLISH TABLE I11 - Continued 
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ENGLISH TABLE I11 - Continued 

P, rnb 0.0 0.1 0.2 '0.3 0.4 0.5 0.6 0.7 0.8 0.9 
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P, rnb 

9 0 0 .  
901. 
902. 
903. 
904. 
905. 
906. 
907. 
908. 
9 0 9 .  

9 1 0 .  
911. 
9 1 2 .  
9 1 3 .  
9 1 4 .  
915. 
916. 
9 1 7 .  
9 1 8 .  
9 1 9 .  

920. 
9 2 1 .  
9 2 2 .  
9 2 3 .  
924. 
9 2 5 .  
9 2 6 .  
9 2 7 .  
928. 
929. 

9 3 0 .  
9 3 1 .  
9 3 2 .  
9 3 3 .  
9 3 4 .  
935. 
9 3 6 .  
9 3 7 .  
938. 
939. 

9 4 0 .  
941. 
942. 
9 4 3 .  
9 4 4 .  
9 4 5 .  
946. 
947. 
9 4 8 .  
949. 

9 5 0 .  
951. 
952. 
953. 
9 5 4 .  
9 5 5 .  
9 5 6 .  
9 5 7 .  
958. 
9 5 9 .  

960. 
961. 
962. 
963. 
9 6 4 .  
9 6 5 .  
9 6 6 .  
9 6 7 .  
9 6 8 .  
9 6 9 .  

970. 
9 7 1 .  
9 7 2 .  
973. 
974. 
975. 
976. 
977. 
978. 
9 7 9 .  

9 8 0 .  
9 8 1 .  
9 8 2 .  
983. 
9 8 4 .  
9 8 5 .  
9 8 6 .  
9 8 7 .  
9 8 8 .  
9 8 9 .  

9 9 0 .  
9 9 1 .  
9 9 2 .  
9 9 3 .  
9 9 4 .  
9 9 5 .  
9 9 6 .  
9 9 7 .  
9 9 8 .  
9 9 9 .  

ENGLISH 111 - Continued 
0.4 0.5 0.6 
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ENGLISH TABU 111 - Continued 

P, mb 0.0 0.1 0.2 0 . '3  0.4 0.5 0.6 0.7 0.8 0.9 
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ENGLISH TABLE I11 - Continued 
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ENGLISH TABU 111 - Continued 

P,mb 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 
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ENGLISH TABU I11 - Continued 
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ENGLISH TABU3 I11 - Continued 
P, mb 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 



NACA TN 3182 

ENGLISH TABLE I11 - Continued 



ENGLISH TABU I11 - Continued 
P, mb 0.0 0.1 0.2 0.3 0.4 0 . 5  0.6 0.7 0 .8 0.9 
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ENGLISH TABLE 111 - C o n c l u d e d  
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ENGLISH TABU IV. - GEOPOTE~IAL (ALTITUDE) IN GEOPOTENTIAL FEET 

A S  A FUNCTION OF PRESSURE I N  INCHES OF ME3CURY 
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ENGLISH TABU N - Continued 

e , n H g  0 . 0 0 0  0 . 0 0 1  0 . 0 0 2  0 . 0 0 3  0 . 0 0 4  0 . 0 0 5  0 . 0 0 6  0 . 0 0 7  0 . 0 0 8  0 . 0 0 9  
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ENGLISH TABI;E IV - Continued 
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ENGLIS 

0.02 

iH TAB 

0.03 

Con 

0 . 0 5  

2 7 2 6 3  
2 7 0 4 0  
2 6 8 1 9  
2 6 6 0 0  
2 6 3 8 2  
2 6 1 6 6  
2 5 9 5 2  
2'5 7  3  9  
2 5 5 2 8  
2 5 3 1 9  

2 5 1 1 1  
2 4 9 0 4  
2 4 6 9 9  
2 4 4 9 6  
2 4 2 9 4  
2 4 0 9 3  
2 3 8 9 4  
2 3 6 9 6  
2 3 5 0 0  
2 3 3 0 5  

2 3 1 1 1  
2 2 9 1 8  
2 2 7 2 7  
2 2 5 3 7  
2 2 3 4 8  
2 2 1 6 1  
2 1 9 7 4  
2 1 7 8 9  
2 1 6 0 5  
2 1 4 2 3  

2 1 2 4 1  
2 1 0 6 0  
2 0 8 8 1  
2 0 7 0 3  
2 0 5 2 6  
2 0 3 4 9  
2 0 1 7 4  
2 0 0 0 0  
1 9 8 2 7  
1 9 6 5 5  

1 9 4 8 4  
1 9 3 1 4  
1 9 1 4 5  
1 8 9 7 7  
1 8 8 0 9  
1 8 6 4 3  
1 8 4 7 8  
1 8 3 1 3  
1 8 1 5 0  
1 7 9 8 7  

1 7 8 2 5  
1 7 6 6 4  
1 7 5 0 4  
1 7 3 4 5  
1 7 1 8 7  
1 7 0 2 9  
1 6 8 7 3  
1 6 7 1 7  
1 6 5 6 2  
1 6 4 0 7  

1 6 2 5 4  
1 6 1 0 1  
1 5 9 4 9  
1 5 7 9 8  
1 5 6 4 7  
1 5 4 9 8  
1 5 3 4 9  
1 5 2 0 0  
1 5 0 5 3  
1 4 9 0 6  

1 4 7 6 0  
1 4 6 1 4  
1 4 4 6 9  
1 4 3 2 5  
1 4 1 8 2  
1 4 0 3 9  
1 3 8 9 7  
1 3 7 5 5  
1 3 6 1 4  
1 3 4 7 4  

1 3 3 3 5  
1 3 1 9 6  
1 3 0 5 7  
1 2 9 2 0  
1 2 7 8 3  
1 2 6 4 6  
1 2 5 1 0  
1 2 3 7 5  
1 2 2 4 0  
1 2 1 0 6  

1 1 9 7 2  
1 1 8 3 9  
1 1 7 0 7  
1 1 5 7 5  
1 1 4 4 4  
11.313 
1 1 1 8 3  
1 1 0 5 3  
1 0 9 2 4  
1 0 7 9 5  
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ENGLISH TABLE N - 
0.01 0.02 0.03 0.04 

Cont ii 

0.05 
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ENGLISH TABU IV 

0.02 0 . 0 3  0 . 0 4  

- C o n t i n u e d  

0 . 0 5  0.06 
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ENGLISH TABU TV - Continued 
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ENGLISH TABU IV - Concluded 

In Hg 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.D9 



N
A

CA
 T

N
 3
1
8
2
 





7.- STANDAW, A T M O S e r n  - smiM4m OF BASIC D m  
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Element 

Standard temperature a t  
sea level 

Standard temperature 
absolute a t  sea level 

Temperature a t  the 
tropopause 

Temperature absolute a t  
the tropopause 

Mean absolute temperature 
between sea level and 
alti tude H* 

Temperature absolute a t  
the melting point of 
ice under a pressure 
of 1013.250 mb 

Temperature lapse rate 
i n  troposphere 

Standard pressure a t  sea 
level 

Pressure a t  the 
tropopause 

Standard density a t  sea 
level 

~ n s i t y  a t  geopotential H* 

Geopotential of 
tropopawe 

standard specific weight 
a t  sea level 

Gas constant for dry air 

Apparent molecular 
weight of dry a i r  

Standard speed of sound 
a t  sea level 

Speed of sound a t  
t = 0% (32'~) 

~utherland's constant 

Coefficient of viscosity 
of air a t  temperatun To 

Coefficient of viscosity 

Symbol 

t o  

To 

tx 

T+ 

T ~ *  

Ti 

PO 

px 

Po 

P+ 

E* 

Pegs 

R 

M 

Cso 

Csi 

S 

Standard gravitational 
acceleration 

Dimensional constant, the 
amount of which determines 
the magnitude of the unit 
of H i n  terms of m- 
mental uoits of length 
and time 

Constant = E23.E 
RW 

Constant = G 
aR 

values 

gs 

B 

n 

For English tables 

5 9 9  

518.688% 

-69-70F 

%9.~.sas% 

-51.283% 

491.688O~ 

In c.g.s. system 

15% 

288.16% 

-56.50% 

~ 6 . 6 6 %  

250.713% 

273.16% 

For metric tables 

15% 

288.16% 

-56.50% 

216.66% 

250.713% 

273.16% 

980.665 cm sec-2 

1 

6.98334 x 10-l' ~ r n - ~ s e c ~  

5 2561 dimensionless 

6.628155 x 10% ~ m - ~ s e c ~  

1.013250 x 106dynes cm-2 
76 (stdl 

2.2632 x 105dynes cmm2 
16.975 ~g (aid) 

1.2250 x lou3 gm 

3.6j92 10-4 gm ,-3 

1.0787515 x lo9 cm2 s ~ c - ~  

1.20133 gm ~ e c - ~  

2.8704 x 106 cm2sec-2 9(-1 

28 .966 mol-l 

34043 cm aec-l 

33145 cm sec-1 

120% 

1.7932 x 1 0 - 4 ~  cm-4ec4 

9.80665 m sec-2 

0.oo65~c m'-I  

32.q405 ft sec-2 

0.00356616"F f t  '-I 

9.80665 m2sec-2mr-1 

1013.250 mb 
760 ran Hg (std) 

10332.27 kg m-2 

32.17405 ft2sec-2ft '-l 

T 

1013.250 mb 
29.92126 in.  (std) 

2~6.216 l b  ft-2 

0.6848317 x 10-4 m l - I  0.2087367 x lo-4 f t l - I  

5.2561 bimensionless 5.2561 dimensionless 

226.32 mb 
169.75 Hg (st&) 
2307.8 kg m-2 

226.32 mb 
6.683 in. Hg (std) 
472.68 l b  ft-2 

0.12492 kg sec2 m-4 
1.2250 @(mass) m-3 

0.0023769 l b  ~ e c 2 f t - ~  
0.076475 lb(mass) ft-3 

0.037109 kg sec2 m-4 

0.36392 @(mass) m-3 
0.00070612 ~b sec2 ft-4 

0.022719 lb(mass) ft-3 

l.l,000 m' 36,089.24 f t '  

1.2250 kg m-3 I 0.076475 l b  ft-3 
12.013 &(mass) m-2 see-2 I 2.4605 ~b (mass ) f t -~  

2.8704 x lo2 m2 s e ~ - ~  OK-' 1 17.165 x 1s f t 2  secg OR-1 

............................. ---------.--------------------- 

340.43 m sec-I Lu6.89 f t  sec-I 

331.45 m aec-I 

- 
1087.4% f t  sec-I 

120% 216% 

1.8286 x 10-6 kg sec m-2 3.7452 X 10-71b sec ft-2 

1.7gj2 x 10-5 kg(nUs)m-~sec-l/l.20~0 x 1 0 - 5 l b ( ~ s ) f t - k ~ ~ - ~  

.7521 x kg sec m-2 3.5885 x 10-71b sec ft-2 
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a 

B 

O c  

C 
P 

s 

csi 

Cso 

Cv 

cm 

OF 

f t  

f t '  

G 

8. - STANDARD ATMOSPHERF: - CONVERSION FACTORS 

1 meter = 3.28084 f e e t  

1 foot  = 0.3048 meter 

1 kilogram = 2.204623 pounds 

1 pound = 0.4535923 kilogram 

1 degree Celsius = 1.8 degree Fahrenheit 

1 1: degree Fahrenheit = - degree Celsius 
1.8 

9.- SYMBOLS AND ABBREVIATIONS 

temperature lapse r a t e  

constant, (3 loglo 4 /RP 

degrees i n  thermodynamic Celsius scale 

specif ic  heat of dry a i r  a t  constant pressure 

speed of sound i n  dry air 

speed of sound i n  dry air at  temperature Ti 

speed of sound i n  dry air a t  temperature To 

specif ic  heat of dry a i r  a t  constant volume 

centimeter 

degree i n  thermodynamic Fahrenheit scale 

foot  

standard geopotential foot  

dimensional constant 
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g gravi tat ional  acceleration 

gs standard gravi tat ional  acceleration 

gm gram (mass) 

H geopotential 

H* geopotential a t  tropopause 

Hg mercury 

in .  

OK 

kg 

kg (mass ) 

inches 

degree i n  thermodynamic Kelvin scale 

kilogram (weight ) 

kilogram (mass) 

kilometer 

geopotential kilometer 

pound (weight) 

pound (mass) 

apparent molecular weight 

meter 

standard geopotential meter 

mil l ibar  

millimeter 

n G constant, - 
aR 

P air pressure 

Po standard a i r  pressure a t  sea leve l  

P air pressure a t  the tropopause 

R gas constant fo r  dry a i r  
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Rn gas constant for one gram mol of ideal gas 

sec 

(st4 

t 

degrees in thermodynamic Rankine scale 

Sutherland's constant 

second 

standard 

temperature 

standard temperature at sea level 

temperature at tropopause 

absolute temperature 

standard absolute temperature at sea level 

absolute temperature at tropopause 

mean absolute temperature between sea level and another level 

mean absolute temperature between sea level and tropopause 

absolute temperature of the melting point of ice at 
1013.250 mb air pressure 

altitude 

ratio of specific heats, cp/cv 

coefficient of viscosity of air 

coefficient of viscosity of air at temperature Ti 

coefficient of viscosity of air at temperature To 

kinematic viscosity, 

air density 

standard air density at sea level 

air density at tropopause 
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