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NATTONAL ADVISORY CCMMITTEE FCOR AERONAUTICS

PECHNICAL NCOTE NO. 1200

TENTATIVE TABLES FOR THE PROPERTIES
OF THE UPFER ATMOSPHERE
By Calvin N. Warfield
for the

NACA Special Subcommittes on the Upper Atmnsphere
SUMMARY

As a result of recent developments in aseronautics and ordnance,
a need has arisen for tables of properties of the atmosphere at
altitudes in excess of those covered by the exlsting standard
tables (NACA Report No. 218). In order to satisfy this need, the
National Adviscry Committes for Aercnautics has sdopted three -
temperature-height relationships and one composition-height rela-
tionship, and tables based upon them have been prepared for perti-

nent properties of the upper atmosphere (that is, from 20 to 120 kilo-

meters in metric units, and from 65,000 to 393,700 feet in British
units). In the absence of direct deta, such as might be obtained
by soundings with high-altitude rockets, the wvalues adopted are
based upon existing information obtained by indirect measurements

of certain quentities. As a consequence, the tables are only
tentative. .

Two sets of tables based upon the adopted tentative standard
spescifiications for the upper atmosphers sre presented. One set of
two tables is based upon the same arbitrary comstant value for the
acceleratlion of gravity as was used in the preparation of the
existing standard tables for the lower levels (NACA Report No. 218).
This set of tables For the upper levels of the atmosphers thsreforse
constitutes a consistent extension of the existing standard tables.
The other set of two tables takes into consideration the decrease
in the acceleration of gravity with increasing altitude and there-
fore is more precise than the first set. Consequently, this set
is presented only to satisfy the need for greater accuracy that
mey exist in some fields of research.

Each table is divided into separate parts for both day and
night conditions at altitudes above 80 kilometers. The necessity
for seperate tables for day end night values is occasionsd by the






NACA TN No. 1200 3

In April 1946 this Panel was superseded by the Special Subcom~
mittee on the Upper Atmosphere which was also appointed by the NACA.

j%?hiaﬂﬁp er;h%; of tg;s Special Subcommittee is as follows:

T Oriem plan YEI T

Dr. Harry Wexler, U. S. Weather Bureau, Chalrman

Col. D. N. Yates, Chief, Alr Weather Service

Col. Paul H. Dane, A. C., TSEAC, AAF Air Materiel Ccmmangd .

Capt. H. T. Orville, USN, Office of Chief of Naval Operations,
Navy Department .

Capt. Walter S. Diehl, USH, Bureau of Aeronautics, Navy

Department R

N, =Dr. Calvin N. Warfield, Langley Memorial Aerocnautical Laboratory

Dr. E. H. Xrause, Naval Research Laboratory

Dr. W. G. Brombacher, National Bureau of Standards

Dr. L. V. Berkner, Carnegie Institution of Washington

Dr. B. Gutenberg, California Institute of Technulcgy

Dr. Fred L. Whipple, Harverd Observatory, Harvard University

Dr. 0. R. Wuif, Gates and Crellin Laboratories, California
Institute of Technology

Mr., Jerome Teplitz, NACA, Secretary,

This Subcommittee has considered the information available con-
cerning temperature and composition in the upper atmosphere. On
the basis of exlesting data obtalned by balloons at altitudes up to
about 3z kilometers (references 6 and T7), of indirect measurements
obtained at greater heights such as those discussed in references &
to 14, and of unpublished data resulting from similar indirect
measurements, reccmmendations concerning temperature-height and
composition-height relationships were made by the Subcormittee on
June 24, 1946. The recommendations regarding temperature-height
relationships cover three arbitrary sets of temperaturs: (1) tenta-
tive standard temperatures, (2) probable minimum temperatures, and
(3) probable maximum temperatures. Also, reccmmendation was made
that &t this time no tables be prepared for altitudes in excess

of 120 kilometers because of the uncertainty regarding the validity

of the data in this region. — o G

At e meeting of the executive committee of the National
Advisory Committee for Aeronautics held on August 15, 1946, the
previously mentioned recommendations of the Subcomrmittee wers
adopted. As & result of the adoption of the recommendations of
the Subcommittee, two sets of tables for the upper atmosphere,
based upon the tentative standard temperatures, have been prepared
at the Langley Laboratory of the NACA.

The first set of tables provides a consistent ektensioﬁ'of
the present standard tables for the lower levels of the atmosphere
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(reference 1) because the seme simplifying assumption of an arbi-
trary constant value for the acceleration of gravity is mede in
oth cases. Because of this consistency with the present standard
atmosphere tables, and in consideration of ,the fact that the
present standard tables (reference 1) ars widely uazd in evaluatiig
psrformence characteristice of aircraft and for design purposes,
1t eppears thaet this first set of tables may also be found useful
in these same fields of aeronautical enginéering. In addition, in
order to be consistent with present practice in the usé of tho
terms 'pressurs altituds" and "density altitude" (reference 15)
it appears that it may be proper to use the term "tentative pres-
sure altitude" to designate that altitude in this first set of
tables which corresponds to a specified ambient- air pressure.
Likewise, the term "tentative density altitude” cen consistently
be used with this set of tablas in connection with ambisnt-air
densities.

The sscond set of tasbles is more precise than the first
because it tekes into consideration the detrease in tha accelera-
tion of gravity with incrsasing altitude. : This set is intendod
rrimerily for use in comnection with research on the propertics
of the upper atmosphore. Values of still greater computational
precision than those listed in this second set mey be obtained by
means of '"latitude correction factors' which havu been computed
and tabulated in another table.. o :

These two sets of tables for the upper atmosphere consist of
two tables sach, one in the metric system of units and the other
in the British system of units. The altitude rangs coversd 1s
from 20 kilometers and 65,000 feet, respectively, to 120 kxilo-
meters and its British equivalent of about 393,700 feet. In addi-
tilon to those quantities roported in roferences L to 5, there is
Included the mean free psth of the air mclecules. This quantity
has boen addsd because of its significance ‘atb high eltitudes where
the molecular mean free paths may be comparable to or larger than
certain dimensions of the alrcraft or missiles that may be flown
thers.

Acknowlsdgement is gratefully given for the contributions
mads by Dr. R. G. Stone, of the AAF Weather Service, whe supplied
valuable data concerning meximum and minimum temperatures over the
entire world to altitudes of 32 kilometers, and for the thorough
tochnical review and excellent suggestions offercd by
Mr. L. P. Harrison of the U. S. Weather Bureau.

.
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SYMBOLS

speed of sound

most probable molecular speed
average molecular speed
acceleration of gravity

altitude

volume gradient of oxygsn dissociation (%)

)

/
temperature gradient (

&R

molecular welght

mass of a molecule

number of molecules per unlit volume
pressure

universal gas constant

radius of the earth

gbsolute temperature

temperaturse

volume of molecular oxygen in an initial unit volume of
normal air, at the same temperature and pressure

specific weight (go)

ratio of specific heats

it ————
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r mean free path of mcieculea I~
5! coefficient of viscosity
v kinematic visccesity (u/p)
o) density (mess per unlt volums)
o molecular diasmster; elso demsity ratio <p/po) -
o average molecular diameter o ' : Tz
The following subscripts are used to refer to tne indicated condi- __f
tions:
0 sea level =
1 lowsr level =
a top of regicn of diseociation, whero cxygen 1s all atomic =
A base of region with constant temperature and congtent
composition . . | gull
B base of regilon with constant tempersture g;adient and .
constant composition . - =
c base of raglon with constant temperature and consbtunt volume e
zradient of dissociation
D base of regilon with constant temperature gradient and _ r
congtant volume gradient of diesocimtion B
8 acceleration of gravity variable =
m base of region of dissoclation, vhare oxygen is all molecular
n nitrogen molecules . . R
N non-oxygen (i. e., all constituents other than oxygen) o
o oxygen .
air mixture of molecules in atmosphere - - '

¢ letitude E > | ) B
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ADOPTFD SPECIFICATIONS FOR THE UPPER ATMOSPHERE
Tentatlive Temperatures

Three sets of tentative temperature-helight relationships
have been adopted. One set glves tentative standard temperatures
and the other two list values of the probabls minimum and the
probeble meximum temperatures for the entire world. These three
sets of temperatures vwhich were originelly recommnended by the
Subcormittee on the Upper Atmosphere asre given by linear varia-
tions with altitude between the pointe specified in the following
tabulation of temperatures.

Probable Tentative Probable
Altitude minimum standard maximm
(lcm) (°K) (°r) (°x)
®) ()
0 205 bogg 320

10.76923 bo38 :
11 250
17 180
20 bo18
25" T 255
32 218
k5 200 : 380
50 ' 350
55 300
60 350
70 380
78 240
€o 170 300
€3 240

120 300 375 600

8The values of ambient air temperature listed in these two
colurma are not intended to represent extreme values
for the entire world, end for all time, but rather
values that bracket the temperatures over mesrly all
the earth most all the time.

These values are stendard, and have been used previously
in references 1, 3, &, end 5.

These tempereture-altitude relationships are alsc shown in figure 1.
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Tentative Compositlon

The tentative composition used in computing the tables was
arrived at by teking into comsideration the fact that, at altitudes
below 80 kilometers in the day time and below 105 kilometers at
night, the generally eccepted variaiions in chemlcal composition
are too emall to affect appreclably the computed pressures and
densities. However, it is believed that at levels above. those
Just specified significent changes in composition result from the
dissociation of oxygen molecules by solar rediastion. It-is further-
more known that the presence of water vapor in the atmosphere doesg
not eppreciadbly affect pressures end densities. As a result of
such considerations, and in the interest of simpliclty, the
following tentative specifications for composition of the upper
atmosphere were recommended by the Subcommittee and have been
adopted for the purposes of computing the values in these tables:

(1) For day time, the dissoclatlon of oxygen is such as to
produce a linear volume gradient from all-moleculer oxygen at
€0 kilometers to all-stomic oxygen at 100 kilometers. Fxcept for
oxygen dlssociation, the composition is the same as that at sca
level.

(2) For night time, the dissociation of oxysen is such as to
produce a linear volume gradlent from all-molecular oxygen at
105 kilometers to all-atomic oxygen et 120 kilomebters. Except—for
oxygen dlssoclation the compositian is the same as that at sea
level.

(3) At altitudes below the reglons of oxygen dissociation
the composition is the seme as that at sea level.

(4) At altitudes above the regions in which both molecular
and atomic oxygen exist, as stipulated in (1) and (2), and up to
at least-120 kilometers, the composition is the same as that at
sea level, except for oxygen which is in the atonmic rather than in
the molecular form.

The variation with altitude of the specified molecular oxygen
content-of the atmospheres is graphically portrayed in figure 2.

PHYSICAYL RETATIONSHIPS
Basic Equations

In addition to the specificatiors for temperature and com-
vosition already listed, certain other assumptions are made and
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serve as the basls for deriving the various eguations uvsed in
computing the properties of the upper atmosphere. These addltional
agsumptions are:

{e) The sir is dry

(b) The alr bekaves as & perfect gas and hence obeys the
general gas law which may be written

Ta

£ =2
Gy

o

=

M .
ﬂg (1)

S

(¢) The air is at rest with respect to the esrth end hence
obeys the besic lew for fluid stetics

dp = -go dh T (2)
By means of equations'(l) and (2) and equationé representing
the adcpted specifications for temperature and compssition,
ralatiorships mey be -deduced between.pressure and height. The
squations representing the adopted specifications are B
where L i1s tke temperdture ‘gradient AT/Ah, end
M b

T R Fiy)

(1)

where K is the volume gradient of oxygen dissociation Av/Ah. The
derivation of equation (4) 1s given in appendix A.

In addition to the thres assumptions Just listed, it is
necessary to make an assumpbtlion concerning the value of the accelera-
tion of gravity. For ths purpose of furnishing tables for the upper
atmosphers that willl Pe consistent with thé present standard tables
for the lower atmosphere (reference 1), it is necessary to meke the
same assumption concerning the acceleration of gravity as wes used
in preparing the standard tables. This assumption is

(&) For the tables besed on a constent velue of g the

ecceleration of gravity at ell eltitudes is the
standard sea-level value; that is,

g =g (5)
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For those instances in which closer conformity to actual condltlons
18 regquired than 1s inherent in these tables 1t 1s necessary to
make snother agsesumption concerning the value of the ecceleration of
gravity. This assumption is

(e) For tables based on a varizble wvalue of g the accelera-

tion of gravity varies inversely es the square ef the
distance from the center of the earth; that is,

2
s=gor:h> (6)

Pregsure-Height Relatlonships

By use of the foregoing basic equations and assumptigps, other
equations are derived which relate pressure to altitude. #wo sets
of equationg are used, one set based on'a constant value of g as
specified in a.ssumption (d), the other set based on the variation
of g  that is specified in assumption (e). The deductions for the
firgt set are Indicated in appendix B and for the second. set in
appendix C. The equetions that are besed on a congtent value of g
are as-follows:

For combination A (constent temperature apd constent composition):

log, (ﬁ—q—)s CA(h - hy) (7
where
8020 To M
Cp=~ To T g (8)

For combination B (constent tempera.ture gradient and. conste.nt .
composition) :

log %‘) = Oy log ng) (9)
where

€Po%0 M

°B=-——pgf—ﬁ-o (10)
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For combinstion C (constant temperature and constant volume gradient

of dissociation):
P M
log (5-) = Clog <—-—> (11)
c . Ma

vhere

PoT
Og = ‘%OI%TO (12)

For combination D (constent temperature gradient and constent volume
gradient of dissociation):

2N o I M
log (PD) Cp log (éD MD:> | {13)
where
-&0PoToMp
* Bo(Wo + YOT5K) (1)

The equations derived in appendix C, based cn a variable value of g,
are more complex than those listed in the foregoing end consequently
they sre not reproduced here.

Speed of Sound

The speed of sound et any eltitude relative to thet at sea
level 18 computed by the equation

(7P 1/2 -
5
ﬂo " | 7oTot

where the ratio of the specific heats 7, es derived in appendix A, is

128 (b - hm) i
773= 1~ ?(IMO (16)
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The variation with altitude cf the ratio of aspecific heats 7
for the apecified atmosphere is shown in figure 3(a).
Coefficient of Viacosity

Sutherland's equation for the variation of the coefficlent of
viscoslty with temperature is used. I% is

3/2
5 &) () o
in which, according to referance 16,
3 = 120
when tae T's are in %K, and
g8 = 216
when the T's are in °F absolute.

A caution concerning the ume of wvalues cobtained from
equation (17) for the upper atmospirers is given in the secticn
entitled "Discusasion of Tables."

Moclecular Mean Free Path

The ratio of the molecular mean free path at any eltitude to
the corresponding valus at sea level ie computed by

A _PoTe - (18)
Ao PTngy

This equation is Justified in appendix D.

BASIC CONSTANTS

In the preceding section eguations are given by means of which
geveral properties of the upper atmosophere are computed. These
computaticons involve numerical values of the several properties
at sea level. Appendix E discuases the chosen sea-level values for
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each of several properties of the atmosphere and they are listed in
table I in both metric and British engineering systems of units.
Values are listed for each of the thres specified atmospheres and
in some instances the quantity ls expressed in more than ons unltg
in either the metric or British system.

The values listed in table T for the siandard atmosphere at
sea level are identical with those used in references 1 and 5
except in a few instances. The exceptions are noted and explisined
in appendix E. '

DISCUSSION CF TABIES

The appropriate equation gequation (7, (9), (11) or (33) for
the corstant value of g, or (C3), (C6), (C10) or {Cl3) for the
variable values of g) 1s used to compute the ratio of the
pressure p at any helght to the pressure at the base of the

region to which that particular eguastion eaprlies, These pressure
ratios for each of the reglotis are then used to compute the ratio

of the pressure P +to the pressure py at sea level. These ratios

p/py are given in tables II to V.

By use of the computed values of the preassure ratios p/po
and of the sea-level values of pressure Py a8 given in table I,

the value of the pressure p 18 computed and then given in
tables IT to ¥. The pressures glven in tables IV and Vv are
also plotted against altitude in figure 3(b).

The remaining quantities glven in tables II to V are -
gimilarly computed by means of the appropriate egquation and the
corresponding sea-level value given in table I. The values far
these remaining quantities given in tables IV and ¥ are elso
shovn plotted against altitude in figures 3{c) to 3(h).

Attention 1s directed to the fact that all tables in this
report are bassd on the sngineering system (sometimes referred
to as the gravitational system) in which the fundamental quantities
are length, force, and time. The standard units for force used
herein are, therefore, pounds for the British system end kilogrems
for the metric ayastem.
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Accuracy of Computed Tables II to V

In tables II to V all auantities except the meau free paths
of the molecules are tabulated to four significant figures, and
the mean free paths of the nolecules are tabulasted to three signifi-~
cant figurse. All computations for table II wers carried through
to six significent figures end consequently the values glven in
this table are believed to be exact.

Most of the values for tabls IV were obtained from table II by
use ot suiltable convereicn factors evaluated by a grsphical method
described in appendix C. The errors resulting from the method, and
therefore the errors inm the valuses tabulatcd in table IV are believed-
not to exceed 0.0l of 1 percent.

A method of graphical interpolation was applied to cbtain from
tables IT and IV the values for use at the intermediato levels
tabulated in tables IIT and V. The accuracy of this methed is such
as to introduce an error of not over one-twentieth of 1 percent in
the values listed in tables IIT and V. Consoquently, whonever a
discrepancy exists between the mstric und British valuee, the
metric valuss should govern.

Validity of Tabulated Values at the Higher Altitudes

Pressure, density, specific weight, and mean fres path of
molechiles .- As was previously mentionsd, the computations for
tables IT and III are bascd on a constant value for the accelera-
tion of gravity g so that the vaslues listed would be coneistent
with those appearing in the present standard tables for the lower
levels of the atmosphere (reference 1). The errors in the computed
values of pressure, density, specific weight and meen frec path
inherent in the assumption of a constant—value for the acceleration
of gravity becoms progressively greater with increasing altitude,
being abcut 30 percent at 120 kilometers. However, & variation
of 30 percent in pressure at 120 kilomwtsars corresponds to a
variation of less than 4 percent in altitude at this level, and
at lowor levels the change in altituds corresponding to the error
in pressure r&pidly approaches zero. It 1s apparent therefore
that in at least some applications the values in tsbles IT and IIX
will be adcquate end therefore useful. Furthermoro, they ropresent
an extension of the present standard tables (reference 1).

In order to satisfy the need that may exist for values that
are not affected by the use of a constent valuo for the sccelera-
tion of gravity g, tables IV and V are presented. In theso
tebles g 1is assumed to very inversely as the square of the
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distance from the center of the earth. .This assumption therefore
takes into consideration the variatlon due to- gravitational attrac:
tion, but it does not allow for. the effect of centrifugal force. ~
‘The centrifugal force due to the rotation of the earth is known to
be only a small fraction of 1 percent of the gravitational force
at an altitude of 120 kilometers, and conssquently this omission
does not result in a significant error. .

T The standard value used for the acceleration of gravity at
- sea level (and at all altitudes for tables.II and III) is

9.80665 meters per seccnd per second. This value corresponds

rather closely to the true acceleration of gravity at sea level

at latitude 45°. (More specifically, it corresponds to the theo-

retical acceleration of gravity at sea level and at latitude 45° eh!

according to the Internationsl formula. See reference 17.) If

still greater accuracy than is inherent in tebles IV and V is )

required at latitudes far displaced from latitude 45°, en estimate

of the latitude effect upon preesure and density may be obtainod

by use of the eguation

M r (29)
P

whore -p¢ is the pressure at sltitude h =and at latitude ¢,
and g, ig the accelsration of gravity at sea level and at lati-

tude ¢. A similar equation (replacing p's with p's) applies
to densities.

By means of equation (19) it can bs shown that a latitude = ~
correction factor (L.C.F.) defined by

e

L.C.F., = —=-. : . (20)

o

can be computed by

L.C.F. = (E’_) € (21)
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If values of & frem reforence 17 are used, the following
values -for the exponent <80¢ - go>/bb are obtained:

«l

Y

Latitude | Eoy ” B0 Latitude g ~ &
(fieg) & S (asg) | -30 '
o .| 2.66758 x 1073 .50 - 0. hcl’{5 x 1073 -
“10 - - elsog22 T 60 1..28372
TBO T -£.05299 70 1.98732
30 ~1.35337 8o 2.:4k70L -
bo | c0.L9hos5 - 20 2.60670

The foregoing expcnents when applised to the values of pressure
ratio p/po tabulated in tables IV and V glve the values of the

latitude correction factor desoribed by equatizns (c0) and (:21).
For.latitudes at increments .of 109 and for altitudes at increments
of 10 kilometers the latitude correction factors that are applicable
to the pressures given in tables IV and V have been computed und
are presented in table VI. By means of table VI it 1s therefore
posselble to obtailn computed. valuss. of pressure which taks into
consideration the variastion with latitude of tho se&-lsvel valus’

of. the acceleratlion of gravity “This ccmputation hay bq made
by use of equation (;O) which may ba written g = (L C.F. )

Coefflclent of viscosity and kinematic viscoslty.- The
Sutherlend-formula (equation (17)) is strictly-spplicable only to
a gas of constent composition and to pregsurgs.which are not: too: .
small, end consequently the tabulated values for the cosfficilent
of viscoslty and for the kinematlc viscosity are cbviously not
entirely reliable at the higher altitudes. Howaver, the lack of -
data on the viscosity of oxygsn. in the atomle form doss not permit
at this time an estimation of :thé correction thaet 1s needed to
allow for the specificd dissociation. Furthermore, because of tho
fact that the effective valus of the viscosity ¢f a gas at very low
pressure flowing over g body deponds on the size and shapec of the -
body, it is not practical to give a correcticn that will be
applicable to more than ene specific size and shape of a body. The
values for viscosity at the higher altitudss should therefore be
used with caution. =

Spugd of sound.- The tabulated values for the speed of sound
ara bsliecved to be correct for all altitudes coverad by the tables.
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Caution should be exsrcised, however, in using the tabulated values
for the upper altitudes in comnection with Mach numbers because at
high altitudes where the mean free paths of the alr molecules are
large in comparison with the dimensions of the body moving through
them, the laws of fluid dynamics do not apply and the laws of
particle dynamics must be used. When asrodynamic forces, for
example, are computed for these conditions by use of the laws of
particle dynamics the most probable speed of the ailr molecules is
found to be the basic quantity rather than the speed of sound.

As in the case of viscosity, the altitude range in which the
most probable speed of the alr molecules replaces the speed of
sound as the basic quantity depends upon the gize of the bedy
under consideration. It is consequently not possible to epecify a
single level at which the molecular speed becomes significant in
aerodynamics. For this reason values for the speed of sound arse
listed to 120 kilometers.

In any case in which the most probable speed of the air
molecules ¢ 18 needed rather than the vslocity of sound a 1t
is possible to obtain the value of ¢ from the value of a 1listed
in the tables by use of the appropriate factor obtained from the
following tabulation: '

Ratio of the most probable molecular

2

totitudo Rt spopd to the speed of sound, §== -
(m) (£%) Day ' Night
80,000 262,L67 1.195 1.195
85 000 278 871 1.18 1.195
90,000 265,275 1.183 1.195
95,000 311,679 1.176 1.165
100,000 3.:8 083 1,170 1.195
105,000 344 487 1.170 1.195
110,000 360,892 1.170 1.187
115,000 377,296 1.170 1.179
120,000 393,700 1.170 1.170

CONCLUDING REMARKS

The fact should be emphasized that the values given 1n the
tables for the uppsr atmosphers are only tentative and as such may
become obsolete after a sufficient number of relisble direct
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measurements of certain quantities have beon mads avallable. In
the meantime these tentative tables should be useful not only in
serving as a basis for comparing performence characterlsticg and
estimating limiting values of performance, but also in securing the
additional dats needed for revising these tentative tables for the
upper atmosphere. £

Langley Memorial Aeronautical Iaboratory
National Advisory Committec for Aeronautics
langley Field, Va., December 6, 1946
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- APPENDIX A

VARTATION WITH ALTTTUDE OF MOIECUILAR WEIGHT
AND RATIO OF SPECIFIC HEATS

Molecular Weight in the Reglon of Oxygen Dissociation

Consider an initial unit volume of normal air compozed only of
molecular gases, consisting of oxygen and other constituents. Let
2ll the non-oxygen conatituents be ¢latomic of average mnlecular
welght My, end let the molecular weight of oxygen in the molecular

form be My, and in the atomio form M,. Then

=1 _ ,
My = 5Mp , (A1)

Lot the initial conditions be as followa:
5 volume of all-moleculsr oxygen at height hm
1 - vg volume of non-oxygen components at height hm

M, average molecular welight of the initlal alr mixture at

height &y : -
Then . .
My = oMy + (1 ~ vo)My (a2)

At belght h, Ybetween h, and h, (where h, is height at
base of region in which dissoclation occurs, and hy 18 heigh"c at

top of the region, and whers all the oxygen 1s in the atomic form)
the volume of molecular oxygen vy, per unit initlal volume of
normal air is '

hg ~ h
Y = Yo | i o (a3)
0 (ha. - hm
end the volume of atonmic oxygen Vg Per unit Initial volume of
normal air is S e

o

"hm\
v =2v( -»)
. O\ha."hm

(Ak)
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Therefore, the average molscular weight M of the atmosphere
at helght Bk cen be shown to he

M = % (A5)
1 - E(h = hy)
wvhere )
Vo ’
K= = (A6)
ha. -

the volums gradient of molecular oxygen, Av/Ah.

Retio of Specific Heats in the Region
of Oxygen Dissocimtion

The ratio of specific heats 7y for dilatomlc gases 1s takcn
to be 7/5 and for monstomic geses, 5/3, IF the ratio of the specific
heats 7 for the atmosphere is ascumed to he.glven by & weighted
average, according to reletive maseses; of the values of 7 for
diatomic end monatoric geees, it can be shown, by using equations (Al),
(A2), (A3), end (AL) that for those regions of the atmosphers in
vwhich disgociation of.oxvgon occurs S :

L (hm)(h hm) -
* am Vo | || (A7)
15 "0 \M,/\bg - By

The standerd valus for 7,, for the etmosphers at sea level,
is 7/5, end for My the standird value 1a 32. Therefore

=2
it
=

28 (h - bp)

Y0 21kg (A 8)

It is estimated that in the tentative stendard atmosphere the
variation of ¥ due to pressure and temperature effects i only
about 0.6 of 1 percent. For this resson the effect of preesure £nd
temperature upon 7 is ignored in computing these tentetive tables.
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APPENDIX B

VARTATION OF PRESSURE WITH ALTITUDE (ASSUMING THE

ACCETLERATION OF GRAVITY IS A CONSTANT g)

The egquations relating atmospheric pressure to height for all
altitude ranges in all thraee atmospheres (minimum, stendard, and
maximum temperatures) are only four in number. These Tour eque_,tions
represent all possible combinations of the two types of temperature-
height relationship and the two types of composition-height
rolationship. The deductions of the eguations are based upon the ~
familyar hydrostatic relation -

dp = - ggp dh (B1)

and upon the general gas equalbion

e . (B2)

These two equations, when comblned, give

dp . _ SofoToM

5 A (B3)

-~

The differential equation (B3) is then used for deriving algebraic

equations for pressure as a function of altitude, for each of the

Tour combinations of temperature-height and composition-height i
relationships previously discussed. The derivations are indicated '

in the following paragraphs and the resulting equa.tions are used o

in the preparstion of tables IT and III. ; - ) o -

Combination A (constant temperature and constant composition) .~

The type of atmosphere in which both the temperature and composition
are constant may be represented algebraically by

T Constant o

and

M

Caonstant
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Equetion (B3) when integrated betyeen the limits of height h, and
height h then bscomes,.

P ~ZPo- o™ ToM
logeéj-a e (b ~ hy) (Bl)

vhere hy 1s the base of the reglon in which type A conditlons
prevail. . .

Continstion B (constant temperature zredient and constent
compoaition) .~ For the type of atmoasphere having a constant tempera-
ture gradient ard constant composition, let the temperature gradient
be represented by

L = Constent = ﬁ% (®5)
and the tempereture by

T = T, + L{h - hy) _ (B6)

where TB end hy are the respective values at the base of the

region to which combination B conditions preveil. Alsc M = Constant.
Equation (B3) then becomes '

dp _(GPATHM) am
D ‘( Doty /) Tp + L(h - Bp) (®7)

and when integrated hetween the limite of by and h this equation
becomes

log (5%) = - %g—?;gf log (%) (B8)

Corbination C (conatant temperature and constant volums
gradient of dissocletion).- In the type of atmosphere where both

the temperature end volume gradient of dissociation are constant:

T = Conatant .

<

e’
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and an exprezsion for M a8 a function of h 1s derived in
apperdix A, and it is found to be .

D (B9)
1 - K(h - hy)
where K is the volume gradient of molecular oxygen defined by
K = 2% = Constant (310)
OHh
Using tkese relationships with equation {B3) glves
dp _ _ _ EoPglg 4B (m11)
p -

vl - Kln - ny)|

Integrating equation (BXl) between the limits of kg and L,
vhere hﬁ is the height at the base of the region in which type C
conditions prevall, gives

log ( EOQOTO log (MC ) ' {B12)

Combination D (constant temperature gradient and constent ¥ Fluge
gradieut of disscclation).- The type of atmecphere having botn tne

tempersture graodisnt arnd the volume gradlent of diasociation cor.sten'lf; '

is rereired to as ccabination D. For this combination, the expres-

sion fr woleculisr welght given in equetion (€3) a.nd an appropriate

podification of equation (B6) give, for equation (B3} s the following
equation:

dp _ goPgTo 4h
;poE.-K(h . hmﬂ E‘L‘D+L(h -hD)]

(B13)
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Integrating the variable part of the right-hand member, between the
limits of hp and h, gives j

1 T + L(b - hp) | °

log
(1+ Kol + (Tp - p)K 1 - E(b - By) | g

Therefore

2\ . %Pl M
o (PD) P Mok + VKT 108 (TDMJ (B14)

!
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APPENDIX C

YARTIATTION OF PRESSURE WITH ALTITUDE (ASSUMING THE ACCELERATION
OF GRAVITY VARIES INVEBSELY. AS THE SQUARE OF THE
DISTANCE FROM THE CENTER OF THE EARTH)

The equations relating pressure and altitude derived herein
are based upon the general differential equation derlived from
equetion (B2) of appendix B, from the hydrostatic relation

dp = -gp dh (c1)

end from the equation repméenting'the inverse sgquare varistion of
the acceleration of gravity

- 2
'8’80(}"'_'1,_"“‘5) - {c2)

This general differential equation is

. .
-gqPaT dh
gPE:SoooMr (c3)

poTMg{r + h)2

As In eppendix B four eguatlions are deduced for use in each of
the four possidle combinations of specified temperature-altitude and
composition-altitude reletionships. The resulting algsbralc equations
aere used in the preparetion of tables IV and V. The deductions
for cech combinetion ere indicated in the following parsgrephu.

Combination A {constant temperaturs and comstant composition).-

For combination A (constant temperature and comstent pregsure) the
elgebraic equation relating pressure and altitude is obtained by
integrating equation {C3) between the limits of altitude hy and h.
The result is ' ) _

80T ¥ (h - hy)
log, (‘P”) = skl 2 (ck)
g

PA PoT™y (r + n){r + hy)
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(Note-that in this equation and succeeding equations the asubascript g
is used to indicate values computed with the varistion in the
acceleration of gravity that is specified by equation (C2).)

Combination B {constant temperature gradient and conagtant
compoaition) .- For combination B (constant temperature gradient and
constent composition) the differential equation is obtained by
substituting in equation (C3) the value for T given by

T = Tg + L{h - hy) (c5}

The differential equation ig then

dp . ____ Hobglo” & (c6)
P ' 2
2oMo[Tp + L(h - bm) | (x + b) =

The algebreic equation obtained by integreting equation (C6) between
the appropriate limits is

_E_ - r(h - hB) 7L (r + h}TB
1039(1)3)8 “Bg|(x + 1 (x + hp) Tl + bl - Ty Yo% v hg)T (e7)
where

Cs EoPoToM (8

5 o[t - Hrg - 1)

Combination C {constant temperature and constant volume gradlent

of dissoclation).- For combination C (constant temperature and constent
volume gradient of dlssociation) the differential equation is obtained
by substituting in equation {C3) the velue of M glven by

M= Mo .
' : 1 < K(h - hy)

(ca)
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The differential equation is then

& . -&PgTor” an (c10)
poTE. - K(h hﬂQ‘J (r + h)
The algebraic equation obtained by integrating equation (C10)
between appropriste limltsg is
’7— ~ r(bg - h)
BN M(r + h)
loger(Dg" ch e l 1+ Kng 108y Mo (r + BG)] - & + D) ( + Ig) (c11)
—r
where
~&0P0T0 '
Ccs = I + Ehn (c12)
poT(K + > )

- Combination D (constent temperaturs gradient and comstent volime
gradient of dissociation).- For combination D (constant temperature
gredient and constent .volums gradlent of dlssociation) the differential
equation is obtained by substituting in equation (C3) the values
of T and M glven by a slightly modified form of equation (C5)
and by equation (C9), respectively, .The resulting differentiel

equation is then - - - e R

& -89PoTor~ ah
. POE‘D + L(h = hDHE_ - K(h "hmﬂ (r +;h)2 acne

. (c13)

el

The elgebraic equation obtained by integrg.ting eg_uation (013) ,
be’ﬁween a;@PrOPriate Hmits.is . . A

S —.—.-u - — R Tra A,
R s LTET T T - _- R

| l;’"a(h—h) ' ' N
iy D b 1+ xh.
1086(7}5)8 CDB'(I TR (T + o) ¥ X 9% (W}

a 1 h
o3 e TER) +f o () (o
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where

P
= (c15)
%P8 ™ o (Tp - Tip) (1 + o)

x =
r

. L
(Tp - Lip)

. - S
(1 + khy)

¥°(x° + yz - yx - zX)

T - 0%y - 1P
b _ x(2yz - xy‘- xz)
X (2 -0%z.-0"
_C_ = "ye“
- Yooy -®%z - y)
a., 2
2 (z - 2%z -¥)

Equations (Ck), (C7), (Cil), and (C1k) were used to compute the
pregsure ratlos at the trangitlion levels only in the tentative
standard atmosphere. By dividing these pressure ratios by.the
bresgsure ratios at the same transition levels obtained by use of
the equations in sppendix B based on & constant value for the
acceleration of gravity, a conversion factor was obtained for
each of the several transition altitudes.” Since it was impractical
to use these complex equations for directly camputing the pressure

o«



NACA TN No. 1200 “9

ratlios at all the levels recordsd In tables IV sand ¥, the

values at these numerous intermedlate levels were arrived. at as .
follows: T

(1) For each altitude a wvalue for the conversion factor
was computed by algebralc summation from the equatlon

logec)g) po o5 (go - g),-fAh (Cc16)

where pg is the pressure bagsed on the variable value of 8

and p 1ig the pressure based on & constant value for the accelera-
tion of gravity. In equetion (C16) the proper value of g, T,

and of M was substituted for each region of the atmosphers,
according to equation (C2), (C5), end (C9), respsctively.

(2) The wvelues of Pg/P 89 computed were plotted against

altltude to deflne the shape of the curve relating pressure ratios
to altltude.

(3) The accurate values for the pressure ratio computed by
equations (Ck), (CT7), (Cll), and (C14) and by equations (BY), (B8),
(B12), and (Blll-s were also plotted and another curve was drawn
through these polints representing the accurately computed 1atios
and falred according to the curve drawn through the points obtained
by use of equation (C16).

(4) The curve arrived at from step (3} wes them used to obtain
conversion factors for each of the altitudes recorded in
tables IV and V.
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APPENDIX D

MOLECUIAR MEAN FREZ PATHS

Rotio of the Meen Free Pathas of Moleculos

The conventicnal equation for the mean fres path of the
molecules X of a gas (refercnce 18 is

1
AN ey (D1)
n {Z Hg?

Therefore the ratio of the mean free path ab sny eltitude to the
value at gea level is

Y N, TANE
v & (—f—) (D2)
But '
Nm = p (D3)
and
- ‘
8 =fF : (D)
Therefore
N P .
0 0T
R ﬁ% (D5)
end
2
» _Por g C’o\
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For all constituents of the atmosphers except oxygen in the region
of dissociation,

0’=0’O

In the absence of available date on the dilamester of atoms of oxygen
relative to that of molecular oxygen, and in consideration of the
fact that the small difference in these two diameters of oxygen has
an even smaller effect upon the average diemster of all atmospheric
constituents, and for reasons of simpliclty it is herein assumed -
for oxygen elso that o = o+ For the purpose of computing thess

tebles therefore equetion (D) is simplified to

A _Po.T g 9
—— ——— ——— - D
*0 7 To & ‘('D—

Furthermore, in those computations that are based on & constant
value for the acceleration of gravity

g = g

whence equation (D7) is further gimplified to

P
» _Poor | (08)

Mean Free Paths of Molecules at Sea ILevel

The values of the mean free path of the molecules at sea level
given in table I are for nitrogen end oxygen molecules in & normel
atmospheric mixture of nitrogen and oxygen. These mean free paths
are designated A, and A,, vrespectively. A weighted average of
the foregoing meen free paths, based upon the relative volumes of
nitrogen and oxygen in air is also included and is designsted Agip.

The mean free path of the nitrogen moleculea in the atmosphers
at sea level was computed by the followlng formula (p. 99 of
reference 18):

1

e

w2 I‘Tn‘.’ng
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N number of nitrogem molecules per unit volume of eir
No number of oxygen molecules per unit volume of air
on diameter of nitrogen moleculss

O dlamster of oxygen molecules

-4 gverage diameter of nitrogen and oxygen molecules
[ average epeed of nitrogen molecules

(7N average mpeed of pxygen moleculas

Similarly, the mean free path of the oxygem mnleculse at sea level
was ecomputed by

3
X, = {p9)
o
\,E' 2 + T2
:tv@Noooa + ﬂNn?ie*-*P-.g-—-o--
o]

The values for the Averege speeds T, and T, were obtained from

the formula T = \'@ The velues for o wore teken from

appendix III, column %, of reference 18. Velues of K, and N,

the muber of molecules of nitrogen end oxygen, respectiwvely, per
unit volume were calculated from the losclmidt pumber and the
relative wolume of the nitrogen and oxygen in air at sea level.
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APPENDIX E

VATUES OF CERTAIN CONSTANTS i

Tentative Standard Atmosphere at Sea Level

The standard sea-level values for various properties of the
etmosphere have been listed in reference 1, and sea-level values
for certain other properties are listedin reference 5. Most of
these previously listed values are adopted for use In computing
the tebles herein, but a few changes have been made. The changss
are as follows: -

Speed. of sound.- The values for the speed of sound have been
eltered slightly to avoid the discrepancy which existed between the
values previously listed and the values computed by the conventional
equation -

_\|?70%0
%0 = \Tog (@)

The values for ag listed in table I are computed according to
equation (E1l) by using the appropriate values for 7q, Pgs and Po
that are also listed in table I.

Density.- The vaelues for density in the British engineering
system has %een_changed from 0.002378 . to 0.0023779 slugs per cubic
foot to aveid discrepancies resulting when computations are based
elther on the standardized value for specific weight, 1.2255 kilo-
grams per cubic meter (reference 1), or on the derived value for
density.

Molecular meen free paths and moleculsr weight.- In addition
to the various quantities previously given in references 1 snd 5, the
present peper lists molecular mean free paths and the average
molecular weight of normal sea-level air. Molecular mean free paths
for the nitrogen molecules and oxygen molecules in the normal air
mixture have been computed and a weighted average for air has been
taken, as described in appendix D. The average molecular weight
of normal sea-level air is taken as 28.966 in accordance with
reference 19,
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Pregsure.- The value for pressuve in the British engineering
gystem has been changed from 407.1 or 407.2 inches of water at 15° C
as used in reference 5 snd reference 20, respectively, to L107.15 inches
of water at 15° C. This value of L407:15 is the computed value
corresponding to 760 millimeters of mercury based on the auxiliary
constants and conversion factors listed in the last section of
this eppendix E.

Tadble of Sea-lLevel Values

The velues for the varioua propertiles of the atmosphere at
gea level corresponding to the adopted values for probable minimum
and probable maximum temperatures are computed from the values
corregponding to standerd sea-level temperatures. All three sets
of values uned in both metric and British enginesring systems of
units are tabulated in teble I. In scme instances a guantity 1s
listed in more than one unit, in either the metric or British
gystem. :

Auxiliary Constants and Conversion Factors

In addition to the atmospheric properties at ses level given in
table I certain other basic constents and conversion factors are
used in computing tebles ITI to V. They are

Auxiliary constenta:

Density of mercury at 0° C, gm/om3 e e 4 s . 13.5951
Stenderd ecceleration of gravity, &, cm/sec? . .~ 980.665
Density of water at—15° C, gm/ml . . . + . .+ & . 0.9991286
Redius of the carth at 450 latitude and at sea level, m 6,367,623

e« & @
" o ¢
¢« e .

Converslion factors:

1 1b = 453.5%4 gn

1 méter. = 3.280833 ft ' .
% .o 4 273 "

°F abs = °F + hsg.i;
1 ml = 1.000027 cm>
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’ TPARLE I, PROFERTIES OF THE ATMOSPHERE AT SEA LEVEL
Hetrio enginsering syntem British emginsering system
Quantity Sysbal At probable At standard At probable At probable At standard At probable
mintimum maximm t ninism maxioum
tnat temporature | SEMPOTEN™O | pypanature o temparature | SEFPOTENUPS | yornstnne
Tanpera ture ty % -48.0 15,0 ¥.0 Op -54.5 59.0 116.6
Absolute temperatima g o 225.0 288,0 320,0 OF abs, 505.0 518,3% 576.0
Jm mgat 0% |- 760 760 760 in Hg at 32°F 29,9212 29,9212 29,9212
Prassurs Py xg/o° 10332.3 10332.3 10332.3 in, water et 15° K78 ko7 as k07,15
l dynen/on® 1.01325%106 | 1.01325x1206 | 1.013254106 1b/et? 216,23 2116.23 2116.23
[ owgfed 1,5686 1.2255 1.1030 } i3
Specific veight 1b Q.0 0,076506 0, 068855
‘.'0 dynes/om 1,5393 1.2018 1,0816 / 91928
Denaity I 0.15695 0.124566 | 0.112%7 slugs/rt3 0.0030h37 | 0.0023779 | ©0.0021%01
TAr xgossopm® | 1.8852x10°6 | 181871076 | 1.9751x0076 . 7' . ,
Gostfiotent of viscostty| potse . | msesxao8 [ 17833008 | 193603000 Ib-seo/ft 3.0820x1071 | 3.7250x1071 | *.0855x10
(&yna-2ec/cn?)
-
Kinezatic viscoslty ) n2/sac 9.2848x10°6 | 14,55%a076 | 17.561x1076 rt?/neo 0.9994x10™ " | 1.5665%107™* | 1,8003x107%
o
0 .
ft/ae0 .61 1116,22 11
[ m/aec 3072 380,22 35863 ( / :86 ¢ 151,06 8(: =
9pesd of sound a : xxh 72,69 0 .23
0 i m/he 1082, 6. 120%,8 1291, 1
. Xnots 58%,16 660.90 696,65
Meen free path of A n 57608 | 7.38x108 | 8,2002078 't 0.189x108 | 0.2%21a0C | 0.2600%19 8
nitrogan molacules o '
N i . = v ) - ag,nn—8 P ) o [ 11 -5 -6 ORR e -6
Mean free path of A i » 5. 7510 - To310 © S,18K10 © £t 0.1887<10 0.2315x10 0,2683x10
OXygon molsculea o it
-8 -8 -8 : -6 -6 6
Hean free path of Aane n 5.76x10 7.37%10 8,190 " - 0,1890x20 0.2419x10 0.2682¢10
alr moleoules &ar !
Avarags molsoular X ——— 28.956 28,466 28.966 SRS 28.966 28,966 28,966
voight 0 . '
Rati 3 '
© Of speoific heats 'Yo —_—— 1.4 1.4 1. ~——— 1.4 1.% 1.1
. -
Relative volumo of T 0.2095 < |  0.2095 8.20%5 U 0.2095 0.2095 ©.2095

oxygen

COMMITTER POR AERONHAUTICS

002T "ON N.L ¥VOVN
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TABLES I AND IO

PROPERTIES OF THE UPPER ATMOSPHERE

FOR TENTATIVE STANDARD TEMPERATURES

BASED ON AN ARBITRARY CONSTANT VALUE
OF GRAVITATIONAL FORCE

The following set of two tables (tables II and III) constitutes a

consistent extension of the standard tables for the lower atmosphere

(NACA Rep. No. 218). Consequently, altitudes in this set of tables

} which correspond to specified ambient-air pressures may be referred

to as ¢‘tentative pressure altitudes,’’ and those which correspond to a

specified ambient-air density may be referred to as ¢‘tentative density
altitudes’’ (NACA Rep. No. 474).

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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TABIX °“II...PROPERYIKS OF THE UPFER ATMOSFHERE FCOR TENTATIVE STANDARD TRMFERATUSES BASED OX AN ARBITRARY

CONSTANT YALUE OF GRAVITATIONAL FOROE — HETRIO ENGINEERING STBTEX
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NACA TN No. 1200

TABLE IT.—PROPERYIES OF TEE UPFER ATKOSPHERE FOR TENTATIVE STANDARD TEMPERATURES BASED ON AN ARBITRARY
CONSTANT VALUE OF GRAVITATIONAL FOROE — METRIC ERGINEERING SYSTEN — Conoluded
Adeolute Coeffiolent EKinema Hean
Altitude, | tempers- Fressure, Fressure Density, | Density | Specific |,¢ viqooe;.:y, mooe;.iwo, Bpeed of ptthn‘o;.
h ture, ratio, 2 ratio, ""18"&' s " eound, molecules,
(=) * (xe/n) rog (sn:s;&.) e | on koo ve k .
(°x) x (] (kx/m3) = (n2/eec) {(m/wec) (=)
(1) (1)
(b) Por day only
80,000 | 2%.0 0.3256 | 3151a0-8 | 7261079 | 3782a0-8| x63sx10-8| 1.568¢1076 0. 10,6 95073
,000 2%0.0 0.2826 273! 3060 3248 3231 1.568 0.3 3 312.5 %,
82,000 2%0.0 0.245T7 23 3%93 2233 26 1.568 0.%489 31%.5 2.
83,000 2%0,0 °';"_§§ 2070 3009 2 1 1.568 0.5211 316, 2.
,000 2%3,.6 0. 1806 2561 kg 2512 1, 0. 320, X5
gg,ooo 28T.3 0.163% 1582 2188 1751 21 1. 0.7338 35,2 .00
,000 250.2 o.{:gs 1382 187% 1500 18 1.6% 0.8682 329.6 %,62
e | B | Sl mR | Bs | ¥m B8 | I i | B | ik
q . a i 5 & S11
89,000 332.9 0.09908 959.0 120% 963.7 1181 1.685 1. 3 2.; 6,99
90,000 265.5 0.08310 | 8s2.7 1086 837.1 1026 1.70% 1.62 3%T.1 5
91,000 9.2 0.07850 9.7 910.9 gzg.g 3,2 1.723 1.8 2 351.{.5 '9',3;
62,000 272.8 0.07016 73.0 5.7 36.; g 1.7%2 2.123 A 10,
gz,ooo 5.5 0,06285 608.3 9740 o 83, 1.760 2.5 . 1.
X 2d80.1 0.,056%3 46.% 6113 T 608.1 1.779 2.5 64 .8 12,%
,000 283.8 <0 d:l. gas. k31,1 i%s'“ 1392 3.3 369.2 1k,
,000 287.% 0.0 3.7 75.8 T .6 1,81 2 16 T 16.6
,000 2g91,1 0,081k oi.1 %21.0 36.9 12,9 1.83% «35T 378.1 18,6
,000 29#.1 0,03 363.5 373.5 .9 3662 1.852 &, 2.6 20.1
$9,000 298, 0.03%10 30.1 332,0 K¢ 325, 1.8 5.533 387.1 23,
100,000 302.0 0.03102 3.2 .8 : 290.1 1.888 6. " 5
101,000 305.7 0,02827 %’3.5 ggg.ix %I 1.2 1.906 -8(.3133 353 2.
2, 309.3 0.02579 | 249.6 2%0. 152.1 235.5 1.52% .013 39%.2 3L,7
103,000 313.0 0.02355 gggg z:.S'B( 173.% 2i2.5 1.941 8.959 i«;gg.s W1
104,000 316.6 0. 3 . 195. ’; 192.0 1,95 10,00 9 s9
182,000 320.3 0.01570 7 :{g.e W1, 1 I 1. 11,15 %03.2 3,0
106,000 323.2 0.01805 | 17h.7 5 128.% . 1.99% 12,%2 k05,5 AT.5
107,000 327, 01655 | 2 135.5 116.% ke.7 2.011 13,82 Aoy, T 52,3
108,000 331.2 0.01519 1%7.0 132.1 105.7 129.5 2,028 15,36 %10.0 T
109,000 33k.9 0.01395 | 135.1 120.0 .03 117.7 2.0%5 17.0% %12.3 3,%
110,000 338,5 0.01283 | 22%3.2 109,2 ar. 107,1 2,060 38, R1k, .8
5000 322.2 0.01181 | 1183 99.50 7322 g'ria 2.0 20.829 x:.s.?r 8
112,000 s .8 0.01088 ms.g go.so g‘g.so .8 2.0 23. l:LB.g %,0
:ui,ooo 3%9,5 0.01003 g’r.o 2.66 1k 81,0 2,113 gg 21, 92,1
11k,000 353:1 o 9.58 Es.xg 60.%0 %02 2,12 2 223.3 101
ﬂg,ooo 8 0.00! az.E 9.00 55,21 .66 2, 31,10 325,5 330
% 5 0.007908 | 76. 63.13 Eg 61.21 2.162 3%, h'zr.g 121
ﬁg,ooo ?.1 0. 8 Zo. 57.8, % 56, 2,179 ;’r. x29, 112
) 7.I 0. 5 25 k2, 21 2.195 1.%3 %32.0 1Ky
119,000 371, 0,005 d H 38.89 T 2,211 15,50 x3k,1 157
120,000 375.0 0.005810 56,2k kk 62 35.71 %3.76 2,227 %9,92 %36,3 171
{0) Por night only
000 | 2%0.0 0.3256 1x108 | a7e6x10-9 216~8| 163541678 | 1,568x1076 0.3318 0.6 1.99a0™3
Sg,ooo 2%0,0 0.%82‘5 %53 3099 gzzgo kogg* 1,568 .3 5 ﬁo.s 2,25
82,000 2%0,0 0,2350 2 3 284 3486 1,868 0.km1 310.6 2,59
82,000 2%0.0 0,212% 20 2 gozk 1.568 o.zggi 310.6 2.39
8%,000 2%3,6 0,185 1785 262227 2110 586 1.£6 0. 312.9 2. 9
gg,ooo 24T.3 0,1505 155 1 180 2217 1.607 o.guo 315.2 .%
,000 2502 0,1399 13 1943 15 1905 1,627 0.9376 317. x,
84:5%8 2 03578 o33 1 13 P Tee o5 1%: 3.2 &%
89,000 gg.g 0.09383 | 90871 12 9982 2o 1.685 1.3% 32xk 7.33
000 o 0.082) .8 1081 . 1060 1.70% 1, 26, 8,52
3?.:000 :Ea?gg o.ggzs% igg.l 335.8 8653 gg:).s 17 1,835 gza.; 9.81
92,000 272.8 0. Egs 18, 16,5 3.3 6 i.7%2 2, 331.} 1.3
,000 6.5 °'°§ T 236 211.5 9.3 gg'r.'r 1.760 2% 333, m.g
,000 2 0.0%595 2 21,1 .0 9.1 1.7;3 2, 335.5 1k
,000 283, 0.0% zg x2B,3 ;ks.z X265 2.2 1. sggg 337.T 17.0
,000 287.% 0.03 380,0 75.8 o7 K 1, E 339.9 19.%
00 | o7 | o308 | 302 ¥ra e 182 5:3 e | 523
99,000 298.1 L2767 as-r.g 3230 .5 3 .3 1.870 5.790 345.3 23.5
,000 2.0 0.0246¢ 239.0 28s .8 227.9 . 1.888 6.630 348.% 32.
101,000 3385.7 n.ozeog 213.6 251.; 201.2 %I?,é 1.906 g 9 350.2 E
102,000 309.3 0.01975 | 1gi.1 222, 178.0 218.1 1.92% B51 352, ;é"'
103,000 313.0 ,01T70 ., 197.0 157.6 193.1 1,942 9.859 35h.T 8
108,000 .5 0.0 153, 78,7 132.8 171.3 1.952 11,22 356.-81 52.I
105,000 320.3 0.0}_236 o 155.1 12k ,1 152.1 1.971 12,7k o gg
,000 323.2 0,0128% | 128.2 .2 109.0 133.5 1.99% ix, 3.9 g
107,000 327. 0.011! 12,1 119.8 32.89 17.5 2,011 16,78 362.0 gx.
108,000 331.2 0,010 101.% 105, b2 103,T 2.028 19.38 37h.1 3.6
109,000 33%.9 0.009%01 | 91.95 93.60 TH. 50 91 2.085 21.85 379.2 g3.2
110,000 338.5 0.0086' gg.ss 83.06 66,87 81.36 2.062 2.8 381;.2 0%
111,000 3k2,2 0.00788T ) 3.90 59.12 g.l'r 2.0;2 a8.1 389. 115
,000 335, 0. 3 69.52 .1 2, .63 2.0 31.80 39k.6 127
113,000 39,5 0. 63.52 gg T.16 5T.T! 2,113 5.95 Eo 3 181
11%,000 353.1 0. .32 2. xz.zg E%' 2.133 gg ] 155
A 355.8 0.00553% 3.56 T.X1 31.9 M9 2,1 A5, 310,1 %gg
115,000 360.% o.oogggl 9.28 32,66 3 .:Lg %1.83 2.162 50.29 us.g
117,000 36%,1 0,00 35,4k 38.47 30. 37. 2.179 % 2 k20, 20E
mes | RIT |SmuE  WE | RE |EE B® | iR R | e | B
1?32000 375.0 0.003718 | 35.98 55 252.85 28.00 2.227 78.01 x36.3 el

lme values for viecosity listed in these colwms aro not epnlicable st the higher cltﬁudu where the lusn-rr.e-e ;;-t!:e of

the molecules arc comnarable to or l:

ey than the dimenelcne of the b
are based on the conventional Sutherlend formulze for normal sir gnd, conssQuen

of dlssociated oxygen in the stnosovhere at the higher levels,

te. coneldered.

Furthermore, the values listad

1y, no allovance lhize bern made for the effect
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TABLE IT ,—-PROFERTIES OF TEE UPPER ATHOSPHERE FOR TENTATIVE STANDARD TEMPERATURES BASED ON AN ARBITRARY
CONSTANT VALUE OF GRAVITATIONAL. FORCE — ERITISH ERGINEERING SYSTEK — Oountinued

Absclute
ALtitud £ Densi a Kinematic
e o} ten)cﬁze';u Pressure, P:::;gre Den;ity, z-n:.ig 3:25:‘1:? ogc’:ﬁ:::ﬂ;. visousity, ng‘elg.dcr H;:ghho;a
@8] or s @A) | T e |anf | vew o by 2o F S B W
5. o (1b/1t3) ) (ftEAs’ao) {£t/300) (zt)
{b) Yor day conly
262, 467 ¥32.0 0.06569 3.15118-5 | 89.93x10~9 .182x1075 | 2.893a0-6 12¢10-T| N
2000 ¥32.0 0.06241 3589 e 3l 2169 32312 3:8% 1028 &agao i
265'600 332,0 0.0572k 2270 Zg 3 3.210 2. 3.212 %208 1026 s
268000 k32.0 0.0525T 2, 89.85 2. 2.2%1 3.212 §.612 1030 I3
270,000 ¥32.0 0.0%82 2.282 59 2.8 2.048 3,212 =051 103k 8.8
2725000 43250 o.ou;gg . 2.09T 53.07 2442 1.868 3212 5.531 1038 9'6%
272)309 ¥32.0 0.04381 | 2.070 57. 2.%08 1.8%2 3.212 ‘610 10 Tk
274,000 35.% 0.0%082 1. 2. 2,215 1.695 3.232 2'135 10 '.?67
276,000 593 0.03760 1.2’?13 .77 2,00 1.537 328 6.818 Tosk 102
,000 3. 0.03%69 1.638 3.%2 1. 1.397 3.202 T.559 3 12.2
000 AT % 0.03200 1.512 39.45 1.6 1,26
2821000 N51% 0.02956 1.367 35.91 .33 1.15% : %:%%? 3'3-?% 16 P'g
ggg,% :53: g.gzz-srgg 1.29 SS'SS 1.577 1.0 3.388 16.25 108 TR
3 s . 4 . n.gﬁga 5 '
288,000 »gs.u 0.02351 1111 27.32 1.1k9 o.8791 %?E% 1238 198 i;'g
ggg,goog :_6&: g.ggzl JECE: 25.02 1.0%2 08048 3.%27 13.70 111 2.1
mR | M B |cBR I ER ofe (Spm | PE | BR) B | &3
296,000 gg.u 0.01759 | 0.8310 19.30 0.8117 0.6210 3.455 18, 11k2 26'3
268,000 3.4 0.,01639 0.7TTHE 17.7% 0.7%50 0.570T 3.523 !9.%2 1151 29.1
300,000 k87,4 .01530 0,7228 16.32 6865 i = 1160
302,000 orok | 0:01338 | o:&re 15:33 016323 03837 3:322 2373 | 1389 3
304,000 A55.4 0.013 0.631k 13.87 0:28 .k353 3.59 25.90 pET 35.6
306,000 NS5 0.01250 | 0.5%08 .80 o.iag 0,411 3.312 zg.es oY 9.4
308,000 503.% 0.01170 | 0.55 11.82 0.kg72 n.aaoz 3.639 30.79 1 32'5
310,000 5074 0.010 0. T0.9% 0.4559 0.351 3.682 0! 5% A5, 7
312000 511.5 0.01030 | o. 10,13 0.4259 0.32 3. 24 1213 ¥3.0
;000 515.5 | 0.009671 | 0.4570 .3 0.39%7 0.3020 3.%3 9.51 1222 5216
316,000 515.5 { 0.009051 o.uzgg 705 0. 0.2801 3.731 ?2:36 1231 i
318,000 523,65 | o0.008550 | 0.%0 8.082 0.3399 0.2600 3.75% x6.45 %5 23:5
320 527.5 .0080 0,380% g 0.31 2416 s
B | B2 degE B (IR (BB (AR | MR BEL &) 2
g : - ) . 0. . . 3
s | |omddl oy o igl edR (eRE | B | §R) B | B
E ) - ) . o. ‘ %
328’083 5*3.2' 0.006353 | 0.3002 5.62 o.ngZ 0.1811 %.357 68.71L 1285 &'g
330,000 Ex7.5 }0.006012 | 0.2831 2288 0.222 0.1701 3.889 73.5% 128 89.
1000 551.5 |0.005686 | 0.2687 ggs 0.2088 0.31597 3,611 7&.77 129 95'3
334,000 585.5 [ 0.005 0.22:1 4,661 0.1 0,1500 3.933 8,38 1298 102
335,000 229.5 0.005387 | o0.2kak *,380 0.183%2 0.1 g 3.555 50, 130 10
338,000 3.5 0,00%812 0.227% %113 0.1730 0.132 3.977 96.23 130 11
340,000 567.5 0,004586 0.2153 866 0.1626 0.128%
342.000 5715 | o0.00%315 | 0.2039 :35:636 0.1529 0.1270 ?:ggg }23"5‘ ﬁ::ll.?( ﬁg
ki) 000 575.5 |0.00%391 | 0.1933 3424 0.1k40 0.110 %.0 21 2 b
g,ooo ggg.s 0.003875 | 0.1831 3.220 0.1354 0,10 k.oég 183 1358 1
318,000 3.5 |o0.00 0.1236 3.032 0.1275 0.0975 %08 %.8 1331 157
350,000 | 587.5 {0,003 0.16487 2,858 0.1202 .ugﬁ %,108 ﬁa. 1335
3527600 591.5 | 0.003 0.1%2 2.692 0.1132 0.0 %.129 3.I 1%20 T
354,000 595.5 0,003136 0.1%82 2,537 0.10 0,08163 §.151 163.6 1344 1ZZ
356, 2099.5 0.002978 0.1%07 2,392 0.1202 0.076 k172 17k.% 1349 199
358,000 .603.5 0,002829 0.1337 2.258 0.09%95 . 0. k193 :.gs.'r 1353 211
360,000 607.5 |0.002650 | 0.1271 2.132 0.08 0.06860 3
362,000 611.5 o.ooéise 0.1208 2.0%3 o.oeggg o.gsi »:gég %5”51 ;'.3 2 5";2
36k ,000 615.2 0.002%29 0,1148 1.901 0.0799% 0.061.:{2 A, 257 223.9 1367
366,000 619. 0.002311 | 0.T092 1.796 0.0755% 0.05 %.57 I 1371 2
368,000 623.6 0.002199 0.1089 1.698 0.071%2 o.asﬁg . §,299 253,2 1376 280
370’000 627.6 | 0.002092 [0.058 1.606 0.06753 0.05166 3,319 2285 I 296
372,000 631. 9.001982 o.og¥1 1.519 0.0553 0.0%886 §,380 285.7 138% 313
374000 35. 0.00 0.08552 1837 o.osouz 0.0462% 3,361 303.5 1389 331
376,000 9. 0.001806 [0.08536 1.3 0.05 0.04376 k.382 322.2 139 35
378,000 6%3.6 |o0.001721 [0.08133 1,288 0.05416 0.0%1k4 ¥.ho2 3x8 13 70
380,000 647.6 | 0.0016% |0.07751 1.220 0. .03g2
382,000 51.6 [ 0.00156% 0:07380 1.156 0:ona2y g.ogﬁé ::ﬁs 36i:§ %.:gg 2
38k,000 5.6 | 0.001k92 0.0 2 1.096 0.0%609 0.035 l-‘lfj Eg-;, 1M1 lgi
386,000 ggg.s 0.00182 0.0 1,03 0.08369 0.033%3 A, 583 nal.g 1815
388)000 3.6 | 0.0013 0.0641 0.985 0.0K1k5 0.03171 §.50% 7.0 %19 533
390,000 667.6 | 0.001296 |0.061 0.9352 0.03933 0.0300 ¥.525 :gs.g Th2 50
392,000 671.6 0.001237 [0.058% 0.8872 0.03731 0.02852 k545 512,3 1k 5
393,700 675.0 | 0.0011%0 [0.0562 0.8k51 0.03571 0.07732 3,562 537.3 131

lnne values for visoosity listed in these columms are not spplicable rt the higher altitudes wvhere the meen fres paths of
the moleoules sre ccamparable to or longer than the dimensions of the body being considered,- Furthermore, the values listed
are based on the conventional Sutherland formula for normsl air and, censequently, no allovsande has been msde for the effeot
of disscciated oxygen in the atmosphere at the higher levels. SR
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TABLE 1I.— PROFERTIES OF THE UPPER ATMOSFEERE FOR TENTATIVE STANKDARD TEHPERATURES BASED ON AN ARBITRARY e
CONSTANT VALUE OF GRAVITATIONAL, FOROE — BRITISH ENGINEERING SYSTEM — Conoluded

Abeolute
Altitude, tempera-[ Pressure Preseure Densi Deneity Specifio Coeffiofent | Fimematio | o Hean free
h ture, 2 ratio, RE ratia, Velght, |of viscosity| YiecositT, f:&“ prth of
(£t) (°F ane ) (1b/rt?) »/®, (slugs/ft3)] o = g_ ¥ - &8 Booy? y=F a ' | moleoules,
. o (1b/rt3) (1b-eeo/2t%) (rta{”o) (£t/eec) (£t
(1)
(¢) Por night only
262,467 %32.0 0.06669 3.151x10-5 | 89.93x10~9| 3.782x10~5 2.B9ax10-6 7]
: : A 5 : . 3,212x10 3. 101! . -3
g&,ooo %32.0 0.06239 2,548 8%,1 3.5;8 2.707 3,212 iSIS 1018 2,32"“
253'000 332.0 0.05720 2.103 77.1 3.2 2, 3,212 .16% 1019 g.k&
2 ,000 :32.0 0.02536 2,479 o.gj; 2.973 3,212 3,581 1019 .13
70,000 32.0 0.0%810 2.2& 5, 2,72 2,087 3,212 4.%1 1015 8.87
ghee | dms | oome ) seR @M | 2ey | bay | i | o | BB | 3
. : 5 . 5 5 . K 5 ol i
27%,000 535,.4 0.0%0%% 1.911 3,10 2.225 1.7%1 3.232 ggﬁ 1053 19.0.6
L0 1&9.4 0.0 1.25# 2.20 2.0 g 1.;63 3.337 .820 10 11.
278,000 3.4 0,03%08 1.611 ik 80 . 1,88 1.5%1 3.282 7.326 1032 12.5
280,000 BAT. % 0.0313% 1.481 40.80 1.726 1.3 3.306 8.10 10 1
"’gﬁ'°°° k51.% 0.0288% 1.363 37.2% 1.§66 1.193 3.331 B.gng 4 :1'2%
286,000 :55.;: 0,026 1.%2 33.98 1. 22 1.09 3.355 9.873 1046 .9
286,000 - &9. 0,02 1. 31.01 1.30 0. 3.379 10.50 1051 18.5
288,000 3.5 0.022 1,066 28.3% 1.1g2 0.9120 3.4%03 12,01 1055 20.3
290,000 3675 0,02081 0.9632 25,92 1,0 0. 23 3.427 1;.22 mgo 22.2
292,000 71,4 0.01921 o.gosg 23.7% 0,998% 0,763 3.851 1k.5% 106% 2.2
254,000 AT5.% o.olm 0. 21,74 o.gna 0. ?94 3.375 15.98 1069 26.5
296,000 :’gg.x 0,01 0.7T748 13.92 0. ggﬁ 0.6k10 3.%99 17.57 107 28.9
,000 3.4 0.,01517 0,7168 18.28 0.7687 0.5882 3.523 19.27 10 31.5
300,000 87,4 0.61%06 0.6643 16.80 0.T065 0,5%0 3.546 21,11 lo82 ¥ 2
302,000 e e 0.01302 O.géSI 1§§g 0.2289 o.ggsi 3.569 2313 1087 3;(:
30%,000 95,4 0.01206 0. gg 1%, 0.528‘; 0.3562 3.29 25,3 1091 2
306,000 X99.% 0,0111 o.gz 13.05 0.5 o.g%ga 3.61 27.7% 1096 AE.1
308,000 503.% 0.010 0.5906 12,01 0.5052 Q, 56; 3.229 30.30 7.9
310,000 E0T.% 0.0096%2 0.4556 11,07 0.465% 0.3 3.662 33,08 110% 52.0
312,000 511.5 0.%233 10,20 0.%290 0.3282 3.683 .13 1109 56.%
31%,000 515.5 0.008327 0.3935 gggg 0.3957 0.3027 3.70 ;9.41 1113 61.1
316,000 519.5 | 0.007745 0. 5 0.365 0.27 3.731 2.95 1117 66,2
318,000 523.5 0.007210 0.3%07 8.023 0.337 0,2581 3.75% 36,79 122 TL.7
20,000 527.5 0.006711 0,31 %10 0.3116 .238% D 1126
322,000 531.5 | 0.00625 0.3975% 2.853 3 g.zgs %733 Sdlﬂ E:a
32%,000 535.5 0.00582 0.2723 6.337 0,2665 o.iggg 3.822 2;1 113 90.3
326,000 5;9.5 0.005437 0.25 5.871 0,246 0.1885 3.8%% 65. z 1139 98.0
328,000 583.5 o.ooiogg 0.23% 5,436 0,22 o.:Jl.Fg 3.867 T1.1 1183 106
330,000 547.% 0.00 0.22 g.%ag 0,2119 0.1621 3,889 .18 1147 11k
332,000 551.5 0,008423 0,2090 673 0.1 0.1503 3.911 3.69 1151 123
33%,000 555.5 0.00413 o.%ggg %.335 0,1823 0,13 3.933 90.73 1155 3
,000 559.5 0.0038 0. h.ogg 5 0.129 3.955 98,31 :ugo B
338,000 3. 0.003617 0.1709 3.7 0.1572 0.1203 3.97T 106.% 116% 15
340,000 567.5 0.00338% 0.159 3,474 0.1361 0.1118 .999 .1 1168 166
342,000 571.5 0.003166 0,1 92 3.227 0.1357 0.1028 §.021 12k .6 1172 178
¥,000 575.5 0,002967 0.24%02 -} 3.003 .1263 0,096 ; 4.0:3 13%.6 1176 152
3k, k8T 576.5 0.002920 0,138 2. 0.1251 o.og&g 5.0 1&;{.2 195
346,000 579.5 o.ooa-% 0.1314 2, 0,1168 0.0 926 Loseg 146,.% 5 206
348,000 3.5 0,0026 0:123% 2, 0.1080 0.082 ; L X 159.1 1195 221
350,000 587.5 | 0.002453 0.1159 2.376 0.09 0,076% §,108 1 z.g 1205 237
352,000 591.5 0,00230 0.1089 2,199 0.0 o.ogo 3,129 157. 253
35%,000 595.5 0,002169 .1022 2.039 0.08575 0.0 3,151 203.6 12 271
356,000 99.5 0.002041 0,096k 1.891 0.07951 0. Eg 3,172 220.6 12 290
358,000 3.5 0.00192% 0.09090 1.756 0.07383 0,057 x,193 238.8 12 310
360,000 607.5 0.0018 0.08576 1.632 0.0686% 0,05251 § 21% 258,2 12
362,000 611,5 0.002" li o.oSogg 1.212 0.06388 0.02837 §,236 2'?8}.9 122§( =
364,000 615.2 0,001618 0.076 1.5l 0.05922 o.o'l-S?o %, 25 301.1 1 72
,000 619. 0.001531 o.oggag 1.319 0.055 0.042%3 5, 32%.3 133:(, 0
368,000 623.6 0,001kkig 0. 1.221 o.o%-rg o.oggg %,299 3kg9,2 129g 325
370,000 627.6 0,001373 0.06488 1.1k 0.0%83 0.0 %,319 l3“)'(5.9 130 351
372,000 631.6 0.,001302 0,06151 1.032 0.0%520 0.03458 X,3%0 3.7 1318 7
g | &% \ieh iR (G BEH e | im | B | B 2
378,000 643.6 0.001113 0.052 0.3817 0.0370; 0.02837 u.ga 499.% Jl'g g 55%
380,000 6%7.6 | 0.,001058 | 0.0 0,8268 0.03¥ 0.02660 3. k23 .0 1 L]
382,000 651.6 | 0.001007 0.0 755 0.7761 o.oazg 0.02¥% 4.»42 %‘3{25 1353 go
38%,000 655.6 |0.0009582 0.0452 0.7288 0.03065 0.023 X L6 12,5 1381 6;2
384,000 659.6 |0.000 5127 0,04313 0‘6821 0.02881 0.0220 3 48k ?4‘5 1391 T1k
388,000 663.6 |0.0008702 0.0412.2 0,.64h% 0.02710 0.02073 %.50% Es.g 1801 T5%
390,000 667.6 |0.0008296 0.03920 0.606% 0,02 0.01 x,525 7%6.2 1412
352,000 671.6 o.ooo7gH 0.03741 0.5112 0.02502 0.0 &, 54 595.7 1322 g%
393,700 675.0 }0.0007! 0.03598 0.543% 0.02285 0.017 3 E62 39.5 1%31 875

1'1'):0 values for viscoeity listed in these colums are not appliosble at the higher eltitudes vhere the mean frse prths of
the molecules are oocmpsrable to or longer then the dimensions of the body being oconsidered. Furthermore, the values listed
ere baeed on the conventionsl Sutherland formula for normml rir and, oonsequently, no allowance hae been made for the effeot
of disscoiated oxvgen in the atmosphere at the higher levels, -
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TABLES IV AND V

PROPERTIES OF THE UPPER ATMOSPHERE
FOR TENTATIVE STANDARD TEMPERATURES

BASED ON AN INVERSE SQUARE VARIATION
OF GRAVITATIONAL FORCE

The following set of two tables (tables IV and V) does not constitute
a consistent extension of the standard tables for the lower atmosphere
(NACA Rep. No. 218) but takes into account the inverse square law of

gravitational attraction and, consequently, the values in these tables

are more accurate than those in tables II and IT1I.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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TABLE IT,~ PROPERTIES OF TEE UPFER ATHOSPHFRE FOR TENTATIVE STANDARD TEMFERATURES BASED ON AN

INVERSE SQUARE VARIATION OF GRAVITATIONAL FORCE — METRIC ENGINEFRING SYSTEH — Ocncludsd
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TABLY V.. FEOPIRTIES CP THE UPFER ATWOSREERE POR TENTATIVE STANDARD TEMPERATURES BASED ON AN
IRVERSE BQUARE VARIATION OF GRAVITATIONAL FOACE — BRITISE TAQINEFRING SYSTEN

FATIONAL ATWISORY
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TABLE Y .- PROFERTIES OF THE UPFER ATMOSPHFRE FOR TENTATIVE STANDARD TEMFERAAZURES BASED ON AN
INVERSE SQUARE VARIATION OF GRAVITATIONAL FORCE — BRITISH ERGINEERING SYSTEM — Ocntinued

Absclute Kinematic Hean free
Altitude,| tempera- | Pressure, | Pressurs Density, Density Specific Ocefficlent |yisgosity,| SPeed of| "path of
) tiure, f . ratio, 3 Tatis, :018!8*-. of '1!:““3'. Vo b somd, | nolecules,
SR N I e B K i e o R S
(b) For day only
262,467 %32,0 0.0752 3.55?10'5 1016?‘10-9 %.268a63| 3.185x166 3.212107| 3.165 1019 5.53x10°3
26%,000 132.0 0.070 3.32 B 3.381 2.970 3,212 3.392 1022 ggo
,000 ¥32.,0 0.0648% 3.06% A6 3.636 2.&3 3.212 2715 1026 52
268,000 132,0 0.05268 2.820 79.0 3.325 2, 3.212 .062 1030 6.97
270,000 132,0 0.05: gg 2.596 .3 3,042 2,268 3,212 1.xko0 103% Z.s‘(
272,000 332,0 o.ogo z.gg% N 2.78% a.ozg 3.212 2.852 10 .22
»309 %32,0 °'°u§26 2. 65,32 2,787 2,0 3,212 2,917 10 8,32
27%,000 335, 0,0566% 2.20% 60%8 2.531 1,88 3.232 5.371 10: 8,
5,000 339.% 0.,0%302 2,033 21. 7 2,299 1.1 3, ggs 105k g
,000 33, 0.03572 1.877 9.72 2,091 1.5! 3,282 501 1063 0.7
280,000 R7.% 0,03678 1. 35,35 1.907 1.%21 3.306 .2 10 1.7
282,000 »51. 0.03¥09 1.?1?. P 1.7k 1.2 3.331 Z:one 10@ 12.7
28%,000 355, % 0,03160 1.;32 3:.81 1.290 1.1 3.355 B.Bg 108 13.9
286,000 :29.1 o.oaggg 1. 3,60 1,455 1,083 3.379 9,7 10 113.1
S50rge0 | xemk | o:6%k 1i3oe 25708 133 o.2352 3327 1.7 s 17:3
000 3 : . . : . 2 . 7
29921000 17{. 0_035 4 1.1192 5888 1.121 0. e 3.451 92 112% 19.2
20%,000 75,4 0.02201 1,040 2k, %9 1.030 0,7 2 3,475 1,39 ugg 20.;
296,000 ¥79.% 0.02055 0,970 22.55 o.g! 3 o.zos 3.%99 Jlg.sz 1142 22,
258,000 ER) 0,01919 0.5069 Res 0,873% 0.6%95 3.522 .96 1151 2%,2
300,000 87.% 0.0179% 0.8%79 19. 0,8053 0,5988 3.546 18,52 1160 26.1
302,000 X914 0.01279 0.7933 :}.Zé °"5’32° 0.552% 3.569 20,20 1168 28,1
30%,000 135,% 0.011,273 0.7%35 .33 0.6859 0-§105 3292 22,00 Jl.i.g 30.2
306,000 459, % 0.0 gs 0.6570 15,10 0.6352 o.k720 3.61 23.55 32,5
308,000 503.% 0,01383 o.gs 7 13.97 0, 0.%366 3.2&9 26,0 11 3#.2
310,000 507.% 0,01299 0,61 12,95 0,54 0.k0k6 3.662 28,2 120 %
312,000 511.5 .01221 0.5172 12,01 O.igsl 0.3131 3.%3 30, 1213 .1
aese | EID ol oome |sER | LB (SR | | I | 23 | & | Rl
3185000 523.5 0.01020 0.2819 9.620 05338 0.3009 35 B % xg.2
320,000 527.5 {0.,009620 | 0.¥5%6 8, 0.3 0,2802 3777 12,0 1248 52.5
4 331.5 Jo.00g079 | 0.%250 a.% 0:3012 0.2609 3799 414 Lag7 56.1
324,000 535.5 0,008579 0.%05% 7. 0.3280 0,2k 3.822 9,00 1 2 .8
B 539.5 |0,008103 | 0.3829 2.271 0.305 0.22 3.84k 2.32 1%; .7
328,000 5! 3.2 0,00766' 0.3621 .79 0. 0,211 3.867 . 1 .9
328,083 583, 0 ,0076M 0.361% T8 0.28%9 0.211 3.867 2{.08 5 .0
330,000 7.5 0.0072%8 0,3%25 6.375 0.2681 0. 3.889 .00 128 72.3
332,000 1.5 07006867 0.3232 5. 0.2522 0. 3.911 2522 126 6.
33%,000 55,5 0.00650" 0.307 5.6 0.2372 .1 3.933 2.73 1298 g
336, 559.5 }0.00616 0.261% 230; 0.2232 0.165% 3.955 T .ga 130 85,
,000 3.5 0,005843 0,2761 +99 0,2100 0.15 3.977 79.6% 130 92.2
340,000 567.%5 | 0.005540 0.2618 5,701 o.}.g? 0.1k6% 2999 85.07 1312 97.
342,000 571.5 0.005257 | 0.248% %.430 0.1863 0.1379 .021 90,77 iy 10
3kk, 000 B75.5 0.00%952 0.235 1,178 0.1757 0.1301 X,0%3 96.77 1322
36, 9.5 0,00%736 a. 3.93; 0,1655 0.1226 3,06 + 103.3 1326 11
338,000 3.5 | 0,00%5%59 0.2126 3.71 0,1562 0.1156 X, 136.0 1331 12
,000 587.5 |0.00%2 0.2020 3,505 0.1k7% 0,109 X,108 17.2 1335
352,000 591.5 0.00%4061 o.:.glg 3.%05 0.1390 0.102 1,129 12K%,9 13 139
354,000 595.5 0,003860 0,182 3.122 0,1313 0,097 3,151 133.0 1384 1
356,000 239.5 0,003672 0.1735 949 0.12%0 0.0 1,172 1k, 13k9 1
358,000 3.5 0.00359% 0.1651 2,787 0,1172 0,0 2,193 150. 1353 165
000 607.5 0.00 0. 2.6 .1110 0.0820 k,21% 9.8 1%28 17%
33231000 611.5 0.00313.263 0,1 '537 a.»SZ 0,109 0.0775 3,236 :{29.8 1362 [
36,000 6‘15.2 0.002016 0.142 2'352 0.09922 0'823 3 X2 . 1367 %gg
366,000 619, 0.00287¢ | 0.13 2.23 o.ogg 0. 2 X, 191.5 1371
,000 623.6 o.ooggg 0.126% 2.112 0.0 0.06571 X.299 203, 13;2 217
370,000 627.6 10.00 0.123% 2,00 0.08428 0.06222 £,319 a5, 1]
372,000 631.6 o.oozxsg 0.1176 1.898 0.07981 °'°5§§5 %,3%0 22 I 138% 242
374,000 35,6 0 '°°23§5 0.1122 1.799 0.,07566 0.05% £,36] 22, 1389 2565
376,000 629.6 0,002 0.1071 1.7015 0.0 0.05298 n.gga 256.,7 13 9
378,000 683,6 |0.002163 0,1022 1,6 0. 0,05023 %502 272.1 13 283
000 657.6 |0.00206% |0.0975% 1, 0.06 0.0475% 1% 288,1 1%02
33gg:ooo 1 00 o.og'gs 123i o.os:gg 0.04522 n.n;‘% 30%.9 1x06 ';?2
38%,000 25. 0.00188% |0,08901 1. 0.05819 0.0%29; X k6 322,5 1%11 3
386,000 9.6 i 0.08505 1.31% 0,05527 0.0% X %8k 3%1.2 1x15 3
388,000 3. 0.001721 |0,08131 1.2kg 0.02252 0.03873 .50k 360.6 1x19
390,000 667.6 | 0.001646 0.07176 1.18 0.0 0.03681 4,525 gg:..a ngg
352,000 671.6 |0,001573 }0.0743% 1,1 0.0%7! 0,03%97 n._rs,? 2.9 1¥ 6
393,700 675.0 0.001815 0.07120 1.081 0.035k6 0.033%0 X, 562 22,0 1532 X2k

1The values for visoosity listed in theee columns are not applicable at the higher altitudes vwhere the mesn free peths of
the molscules are comparable to or longer than the dimensions of the body being considered, Furthermore, the valuss listed
are based on the conventionel Sutherlend formula for normal =ir and, consequently, no allowance has been mede for the effect
of dissociated oxygen in the atmosphere at the higher levels.
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TABIE Y ,- PROFERTIES OF THE UPFER ATMOSPHERE FOR TENTATIVE STANDARD TEMPFRATURES BASED OX AN
IRVERSE SQUARE VARIATION OF ORAVITATIONAL FORCR— BRITISH ENGINEERING SYSTEN — Conocluded

Absolute Kinematio Mean free
Alt!i,tude, tex:pugsa- Pressure, Prre:;:u'e Density, D;‘:ﬁ:’{ sg:gii’é? °g°:‘;‘:gg:':2; visocosity, Sg::gd?r P;th“gr
8 = m=ole
(zt) = | (v/ee2) o, | (slugs/etd)| om g | (X208 B | Y 3 Ao
(°F abs.) 0 [ (1p/rt (ib-seo/rt<) (£t3/se0) (£t/ssc) (£%)
(1) (1)
(o) Por night only
262,867 ¥32,0 0.0752 557x10°5|  101.5x20°9]  ¥.268x10°0 .185x10°6 a13a07 .16 3 3
264,000 &gz.o 0.070 I %.332 gs.oﬁxl 3.298 2 2" 3.212 g 'rg ﬁié 5. “and
,000 332,0 0.06¥ 3.062 7.3 3.67% 2,731 3.212 ggg 1019 g 2
268,000 332,0 0.05955 2.81% 80.30 3.377 2,51 3,212 A 1019 6.
270,000 32,0 0 73 2.586 73.;9 3.10 2,31 3.212 3,353 1019 8
32,0 0.05032 2.313 gz., 2.85 2,128 3.212 X, 1019 E.zs
272,309 332,0 0.0%955 2,3 3 2,815 2,09 3.212 4.’733 1019 8,
27%,000 35.% 0.0%522 2.18% 61. g 2,600 1.9 3.232 5,227 102 9.32
g 339,% 0.0%252 2,009 56.2 2,370 1. 3.237 5. g 10! 9,9%
278,000 LATPR 0.03913 1.8%9 51.%1 2,162 1.611 3.282 8. 1032 10.9
280,000 AT 0.0350% 1.70 . 5 1.%70 5 086 10 R
, 000 A51.% o.ogggo 1. 3 ha.gg 1.802 1.3%2 %333 g.nl 1loke i"i
28%, 000 55, % 0.03066 ‘1. ’3&3 39.21 1.6%9 1,228 3.355 .Egl 1046 12.
286,000 3594 0.02832 1.3 35.92 1,510 1,12 3.379 9.501 1051 15.2
,000 3.3 0.02618 1.237 32,91 1.38% 1.030 3.%03 10.3% 10 17.0
290,000 AET.2 0.02423 1.1 30.20 1.220 0.9852 3.427 11.23 10 13.5
292,000 371.% 0.02239 1.0 27.65 1°163 0. 3.%51 12, 1064 20.2
29%,000 375.% 0.02072 0.9793 25.%0 1.0 0. g 3.375 13.68 1069 22.0
000 K79, 0.01919 0.9069 23,32 0.9806 : 3.%99 15.00 10 2%.0
238,000 3, 0.01780 0.8%09 2l %k 0.5017 0,6706 3,523 16,33 10 26,1
000 187.% 0.016! 0.7810 19.7 0.8 6.6176 546 17. 1082 f
3383:000 91,4 0.0 % o.gglw 1313 0.7645 0.,5683 %.?sg 1'5.2& 1087 %g
304,000 55,4 0.01k2% 0.6729 16.7% 0.70%1 0.223 3.592 21. 1091 33.4
,000 %59.% 0.0132% 0.6253 15.k% 0.6%52 0,482 3.61 23.%2 1096 32.2
,000 503, 4 0.012 0,581 1k.25 0.5991 0.3451 3.g29 25.3& 1100 29.2
310,000 507.% 0.011! 0.541% 13.15 0.5531 0.%109 3.652 27.8% 110k 2.4
312,000 811.5 0.01067 0.5042 12,15 - 0.5110 0.37 3.683 30.33 1109 46,0
dse | aEs |odme | o | B (SR | SE | IR | BR | B | 27
318)000 523.5 5:008em3 0.%08% 5832 S:adee 0.3002 3.75% 35.0% 1122 28:3
20,000 527.5 { 0,008051 0.3809 8.903 0.374% o 3.777 32 42 1126 62.2
322,000 531, 0,0075:! 0.3557 8.251 0.3%70 0.2575 3.799 A6,0% 1130 67.
32%,000 535.5 0.00702 0.3321 7.6 0,320 0.2 3.822 hg.gg 1134 73.0
26,00 529. 0.00! SZ% o.3102 g.o 0,298 0.221 3.844 5,17 1139 gg.s
328,000 5%3.5 0.0 0.290 u'sf 0.2770 0.205 3.867 28.71 1183 *,6
0,000 5%7.5 0.005750 0.2717 6. 0.,2573 0.1908 3,889 Ggg" 1137 91.1
332,000 551,5 0.005379 0.2542 5.681 0.2383 0.1211 3.911 B 1151 98.1
333,000 855.5 0,005039 0,.2381 2.284 0.2222 0.15k7 3.933 gz.h ugg 105
336,000 229.5 0.00k721 0.2231 .915 0.2067 0,1532 3.955 R 11 113
338,000 3.5 0 coMkaT 0.2092 2577 0.1925 0.1k26 3.97T7 86.92 116% 122
340,000 567.5 0.00%152 0.1962 3,261 0.1 0.1327 2999 93.8 1168 1
3x2, 571.5 | 0.003852 0.1839 3.966 0.1 0.1235 2.021 131.? 1172 1
34%,000 575.5 0.0033%5 0.1727 3.200 0.1556 0.1152 4.0:3 109.3 1176 150
343,487 576.5 0,003602 °'§'_§°2 3.638 o.1§§o 0,11 %,0 111.2 11 153
335,000 £79.5 0.003433 0.1623 3.429 .1k%2 0.10 4.032 118. 1185 161
348,000 3.5 0. 32? 0.1?27 3.112 0.1337 0. 3,0 128.5 1195 172
350,000 587.5 0.0030%1 0.1437 2.9 0.1239 0.09159 3,108 139.5 1205 18%
352,000 591,.5 0,002863 0,135 2.732 0.11%9 0. 2 %129 :igl.l 12232.2 197
35%,000 595.5 0.002700 0.12 2,53 0.106° 0.0 92 %,151 .6 1 211
356, 599.5 0.002546 °'12°33 2.35 0.,0991 0.0733 £.172 175.9 12 225
358,000 603.5 0.002kok 0.11, 2,104 0.09227 0.06823 %.193 152.1 12 243
350,000 607.5 0,002 0.107% 2,084 0.08597 0,06356 &, 21% 206.2 12
362:000 611.5 o.ooa:e.-srg 0.1016 .506 0.0801. 0.05925 3,236 222,2 1222 25?
364, 615 2 0.00203! 0.0961% 1.&8 0.07¥ 0.05525 &.g;g 239.% 1221
366,000 619, 0,001 o.ogln 1.661 0.0698% 0.05161 X, 257.6 1287 306
368,000 623.6 0,001828 0,08639 1.553 0.06529 0.0482% - k299 276.8 13 325
370,000 627.6 0.001726 0.08201 1. 0.06111 0.0k514 %,.319 297.2 130 345
372,000 631.6 0.0016%9 0.07790 ~ 1.361 0.0572% 0.0%227 &340 31 3 1318
Tesd | aae | efuml) L% | LI (8SEm  |Some | bR | #a | i
» g 5 B 5 2 . . 5 9
78,000 623.6 0,001%17 o.ogsga 1.123 o.o?’?ze 0.03485 u.gga 392.0 1329 X33
380,000 687.6 0.001 0.0637" 1.05 0.04% 0.03274% X k23 319.2 1 357
3827000 651.6 o.om.3 6 0.05373 0.991 o.ou% 0.03077 #.HE dg.o 13 132
38%,000 55.6 0.001227 0.05797 0.33 1 0.0332% 0.02895 3 16! 378, 1381
386,000 659.6 0,001170 0.05531 0.87B4 0.0359% 0.02725 & x8% 510,5 1391 5
,000 663.6 0.001118 0.05282 0.82 0.03481 0.02567 5. 504 54,2 1k01 5
390,000 657.6 0.001068 o.ogous 0.780 0.03282 0.02520 3,525 79.8 1812 ggg
392,000 671.6 0.,001020 0.0%823 0.736% 0.03097 0.02282 4.225 17.2 1322
93, 700 675.0 |0.0009830 0.086%5 0.7015 0.,02950 0.02173 & 562 650.% 1 653

1'rhe values for visoosity listed in these ocolurmns are not applicable at the higher eltitudes where the mean free patha of
the molecules are oompsreble to or longsr thsn the dimensicns of the body being oonsidered. Furthermore, the velues listed
are based on the convantionsl Sutherland formula for normsl eir and, consequently, no allowanoe hes besh made for the effeot
of dissooleted oxygen in the atmosphere st the higher levels, 0T o .
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TABLE VI.— LATITUDE CORRECTION FACTORS POR VALUES OF FRESSURE IN TABIES IV AND V

Iatituds, deg
Altitude, b ] 10 20 30 %0 . 50 6o 70 8o
(¥m) | (tt
{a) For both day and night

20 ,817 1,0078 1,0073 1,0060 1.0039 1,001% 0.9988 0.9963 0,9943 o'.£29
32 125 1.0120 1.0112 1.0092 1,0060 1.0022 9081 9943 8912 9862

131,233 1.01 1,0148 1.0121 1,0080 1.002 9975 .9925 G584 .9858
50 164 Jok2 1.0187 1,0176 1,018 1,009% 1,003 %1 .ggu 9863 9832
60 196,850 1.0213 1.0200 1,0164 1.0108 1.0022 9967 gegg 08X .9808
gg 229,658 1,0242 1.0227 1.0186 1.0122 1,00 .9962 . 982k .9783

262,467 1,0278 1,0260 1,021 1.01%0 1,0051 «9957 9869 9798 .9752

(v) Por day only
80 262,467 1.0278 1.0260 1,0212 1,01%0 1.0051 0.9957 0.9869 0.9798 0,9752
90 293,555 1.0312 1.0293 1.0239 1,0157 1.0057 9952 5853 9TTH 9722
100 328,003 1.03 1.0319 1.0261 1.0}.51 1,0062 : ;I .5810 9754 .9698
110 360,892 1.0 1,03%2 1.0279 1,0183 1.0066 99 .9830 .9738 .96£
120 393,700 1.0385 1.0361 1,0295 1.,0193 1.0070 .90k0 .9820 9723 .
{s) For night only

80 262,467 1.0278 1.0260 1.0212 1.01%0 1.0051 0.9957 0.9869 0.9798 0,9752
90 %,%5 1,031% 1.0295 1,0251 1,0158 1.3327 ) 9321 9852 9772 L9721
100 ,083 1.0346 1.0325 1.0265 1.017h 1. g 9946 .9836 19750 .9693
110 ,892 1.0374 1,0352 1,028 1,0188 1. <9042 6825 9730 9669
120 393,700 1.0397 | 1.0373 | 1.030 1.0199 | 1.0072 .9938 9815 9714 -9649
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Variation of ambient temperature with altitude.
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