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NACA ARR No. L4IIl

NATICNRAL ADVISCORY COMMITTEE FOR ALRONAUTICS

- ADVANCE: RESTRICTED REPORT

HTGH-ALTITUDE COOLING
I - RESUML OF THE COOLING PRORLEM
By Abe Silverstein

SUMMARY

This peper 1s the flrst of a series of slx papers
that discusses the cooling of alrcrafteengine installations
with special reference to the difflceulties of cooling at
high altitudes, The other papers cf the serles will -
present a discussion of mirecnnled en;ines, radiators,
Intercoolera, ductn, snd rans; and it 1s intended that
in each case the apvroach will be that best aulted to
the needs of the des-ner, In the preseut .paser the
properties of NIAUA standard eir and Army cumher eir,

- with correspondins stamation conditlions for a range
of flight spead, aro summarized in tables and fi~rures;
and the seneral efiects of tiie density and temperaturs
variations with altitude are dlscussed with re-—-urd to
required mass flow and volume flow of coolin~ air,
required coolint pressure, avallable coolin:; pressure,
and coolinz power. The general relatlions betwcen the
necessary heat trensfer and the corresponding required
flow of cooling alr are summarized, together with their
effects on the required cooling pressures; and it is
shown that the requlred coollng pressure increasses
whereas the available cooling pressure decresses at high
altitudes, The high pressure drops that result from high
velocities and accelerations in the heat-exchanger
passages become particularly costly as these pressure
drops approach the available pressure, In such cases
a fan 1s an efficient cooling =21d whereas large deflec~
tion of cowling fleps 1s inefficient and very detrimental
to performance,

INTRODUCTION

Flight at altltudes of 35,000 to 40,000 feet
introduces special prohlems in the cooling af -aireraft
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power-nlant installations. The diffliculties result
princinally from the low density of the air at these
altitudes, through its effect on the removal of heat

end the alrplane performance. The characteristics of

the heat exchangers establish the values of the pressures
required to cool for any altitude, whereas the perform-
ance of the alrplane at the same altitude determines the
pressures available for cooling. Increasing the altitude
usually reduces the margin between the pressure availabnle
and the pressure required for cooling.

Design for efficlent cooling, however, will be
restricted by the severe limitation of the apace available
for instgsllation of the power plant and the final design
will evolve throurh the usual englneering compromises.

The slx papers of the series (this paper and references 1
to 5) present the results of a study directed toward
understanding the cooling variables that must be welghed
in the compromlses; in particular, the varlation of cooling
characteristics with altitude and the penalties for the
use of inadequate or bareiy adequate cooling equipment
are consldered. Speclfic analyses of the altltude per-
formance of air-cooled englnes, radlators, intercoolers,
ducts, and fans are given in parts II to VI (references 1
to 5). Because of the differences in the types of prob-
lem involved, the treatments of the subject matter in

the different -papers are not parallel; however, in each
paper the approach to the subject has been that belleved
best: sulted to the needs of the deslgner.

The purposes of the present paper are to introduce
the series and to review the altitude effects. The
NACA, Armmy summer, end Britlish standard atmrosphéres are
described and the main characteristics of heat exchangers,
with particular reference to the altitude effects on heat
. transfer, coolinc pressure ‘drop,-and cooling power, are
qualitatively discussed. The altitude effects on cooling
pressures available and the influence of -cooling require-
ments on airplane performance are also discussed.

SYMBOLS
t temperature, Op
T temperature, °F absolute

- denslty, slugs per cublc foot
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p pressure, prounds per squars foot

Qe full impact pressure

H ﬁhss flow of oool;pg alr por second

by wall tempcrature, °F

tg stagnation temperaturc of cooling sir at inlet, Op
k constent, cxponent in heat-transfor equation

De cooling drag

A voloelty of alr in cooling passagcs

Vo vclocity of eir in froe stroam, or airplane speed,

miles per hour

Vox Voloeity of cooliny alr, rclative to airplanc,
when stetic pressurc nas returncd to free-stream
statlc prcesurc, miles por hour

o rolstive denslty

Subscript:
SL sea level

VARIATION OF PHYSICAL PROPLRTIES OF
AT: OBPHERE WITII ALTITuUDE

In ordcr to provide uniformity in sltitude cooling
and' pcrformance calculations, '‘standard velucs of the
physical propcrties of the atiosphore arc usod. Dlehl's
tables (roference 8), from which data arc reproduccd in
table I and fisures 1 and 2, defiue NACA standard alr,
which has the following proporties at sea lovel:

Tqm'perature, tSL’ OF $ o o o s o 8 b o5 0 s o s s e 59
Density, gy, 8lug per cuble foot .« . . . . . .0.002378
Pressure, pgrs pounds per square foot . ... . 2116.2

The temperature decrcases linearly with increase in
height at the ratc of 3.566° F per thousand feet up to
the lower lcvel of the i1sothermal laycr, at an altitude
of 35,332 fect. The alr is assumed to be dry and to obey
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the laws for a perfect:gas. -Absolute temperatures are
obtained by adding 459, 4° to the temperaturcs in degrees
Fahrenholt,

Since it is. nocossary that adequate cooling be
provided in localcs and under climatic conditions for
which alr tomporatures conslderably exceed those of NACA
standard alr, sevoral altitude-temperaturc relations
more reprosentative of such conditions have becn sct up
for usc 1n meking coollng calculations. The relation of
pressure to altitude cstablished for NACA standard air
18 rotalned in defininzy thosc warmer atmosphcres. The
density of the air is calculatod from 1ts temperature
and pressure by the gas law, )

The Army Alr Corps (reference 7) has spccificd a
summer atmosphere having a sea-levecl temperaturc of
100° F and a 11ncar docrcase 1n tempcrature with altitude
at the rate of 3.6° F per thousand feot up to thc alti-
tude of 46,500 feot.- Above this altitude it 1s assumed
that no further dccrcase In tempecraturc occurs. The
properties at differont altitudes of Army summer air,
which have been uscd 1n the calculations of the present
serles of papors, are glven in table IT and fim~ures 1
and 2,

The NACA standard and Army summor atmosphercs are
compared in fizure 1 with British standerd atmospheres
for subarctic, tempecrate, and troplcal conditlons. The
Army summcr etmosphcre is similar to the British tropical
summor atmosphere, which is bascd on meteorolorical
observations made 1n India. Tho tempecraturcs for the
British tompcrate summcr atmosphore, which i1s based on
obscrvations made in England, lic about halfway bctween
those for Army summer and NACA standard atmosphcres. As
an ald in calculations, the stagnation temperatures,
impact precssures, and stagnation densitics of NACA standard
and Army summcr air are givon for ranpges of altitude
end alrplane spcod in tablcs III to VIII. Becausc of
ontrancc and duct losscs, full lmpact pressurc q, is
rarely obtalned at thc face of a heat exchangcr;
accordingly, valucs of 0.8q, and 0.9q, are also given,
tégother with corrcsponding densitlies, Thc tomperaturc
rise (in °F) due to airplanezspccd is unaffccted by duct

lossos and remains 1.8( 0 » where V, 1is the alrplane

00
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speed in miles per hour. The temperature so computed is

taken as the temperature at the face of the heat exchanger.

RLQUIRED FLOW OF COOLING AIR

The heat removed from the cooling element is
roughly proportional to some power of the mass flow M
and to the difference between the wall temporature
and the stasnation temperature ta of the cooling aiF
at the 1nlet; that 1s,

Heat transfer a (t, - ta)Hk

where k is of the order of 0,85 for radiators and
0.65 for alr-cooled engines. The equation is not appre-
clably affected by compressibility and remaeins valld
even with the high flow velocltles and large density
variations alons the coolliny passaies that occur at
hipgh altlitudes.

For consteant heat transafer, then,

M a

(ty = ta)l/k

Since the temperature difference t; - tg 1ncreases
with altitude, the mass flow required for constant
cooling correspondingly decreases. Tihls reduction of
mass flow with increasing altitude 1s shown in fig-
ure 3 for a typical alr-cooled engine, ethylene-glycol
radlator, and oll cooler. It 1s important to observe"
in this figure that the effect of the altltude on -the
temperature differences is more pronounced for heat
exchangers with low values of ¢, than for ones wilth
high values of ty. For the oill cooler (ty = 175° F),
ty = ta changes from 56° F at sea level to 175° F at .

40,000 feet, so that the required mass flow at

40,000 feet, in the sbsence of congealing effects, 1s
only 28 parcent of that at sea level. For the alr-
cooled englne (t, = 450° F), with corresponding
altitude change, t, - t;, changes from 331° F to
450° F, so that the required mass flow at 40,000 feet
is 60 percdent "‘of tiat at sea level,
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Division of the ordinates (mass flow) of fisure 3
by the corresponding densitlés from table VIII results
in a set of curves that show the varlation of the
required volume of cooling air with altitude (fig. 4).
For the air-cooled engine, the. necessary volume of
cooling air Increases rapidly with altitude; whereas,
for the radliator, the necessary volume Increases less
rapldly and, for the oll cooler,.decreases at some -
altitudes. ‘For the lowest wall temperature, for
example, the 1ncrease with altltude of the temperature
difference t t is more than enouzh to compensate

for the density decrease, and the cooling capaclty per
unit volume of alr actually increases with altitude.

-

PRESSURE REQUIRED FOR COOLING

In the absence of compressibllity effects - that
is, if the denslty of the air remalned conc:ent in
pessing through the cooling element - the pressure drop
for elther radlators or air-cooled englnes is roughly

proportional to M-8/ . The nressure drop clearly
increases or decreases with increasing altitude,

depending on whether Ml+8 decreases more or less }
rapldly than « The incompressible pressure drop for
the typical cooling elements of figures 3 and 4 has
been plotted with dotted lines In figure 5, At

40,000 feet the Incompressible pressure drop is 1.45
times that at sea level for the high~témperature air=
cooled engine, about 0,3 times that at sea level for the
low-temperature oll cooler, and slightly less than that
at sea level for the intermedlate-temperature ethylene-
glycol radiator,

Further losses ‘of pressure exlst whenever a large
reduction of density occurs slong the ceoling passages.
These losaes become important whenever the pressure drop
in the coolling passages 1s an appreclable fraction of
the ebsolute pressure or whenever the temperature  rise
is an appreclable fraction of the absolute temperature.-
Since the relative changes in both temperature and )
pressure increase with altltude, compressibllity becomes
a dominant factor at high altitudes. The additlional
pressure losses are of two kinds, both resulting from
the lncrease 1n veloclbty V that accompanlies the
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roduction in density. The first is an increase in
friction loss; for a uniform passage, in which the
product V 18 constant, this losa may be evaluated

by considering the friction at each point to be pro-
portional to V. The sccond is a loss thst accompanles
thé accoleration; for a uniform passago, this loss is
numerically equal to the inorocess in dynamic. pressuro

A(pva/ﬁ), sinco it is the difference botwocn a statlc-
prossuro drop_cqual to ‘the womontum inerceso
(pV)aV = & (pVE) and tho dynamic-pressurc increase.

a{ av2/2).

Tae true totale-pressure loss, as corrccted for
these comprcsalbility effects, 18 plotted in figure 5
togother with the uncorroetcd values. Therstlo of tho
two (designatoed compressibility correcilon in fig. 5)
at 40,000 feet is about 1,57 for the air-coocled engine,
1,67 for tho othylene-glycol radiator, and 1,19 for the
oil coolcr, )

Thuse reosults show that, with lncreasinpg altitude,
the hotter the wall temperature of the hcat cxchanger
to be cooled and the higher the spced of the coollng
elr through the cooling passages, the greatcr will be
the ratlio of the pressure drop raquircd at altitude to
the prossure drop required at sea level, Cooling
difficulties at high al titudes arc preatest for alr-
cooled cnginc cylinders, less for cthylcnc-glycol
radiators, end lcast for intercoolers. Intercoolers,
unlike thoe other hcat exchangers, must dissinato an
increasing quantlty of hoat with incroasing eltitude
and thcerefore in thc upper altitudes do not experlence
the roduction in cooling-air mass-flow rate cxpcrienced
by the othcr heat oxchangers, Intercooler intcrnal-flow
voloclities, howevor, arc usually qulte low and com-
prcasibllity cffects are corrcspondingly emall.

PRESSURE AVAILABLE FOR COOLING

. The marximm pressure available for cooling 1is
primarily determined by the flight dynamic pressure
and is of about the same.order of magnitude. Fig-
ures 6 and 7 show how this dynamic pres...re varies

4-
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with altitude for typical pursuit and bomber airplanes,
respectively. In-high-spead and crulsing flight,. the
variation of dynamic pressure with altitude is pronounced,
and in elther conditlon the dynamlc pressure at -

40,000 feet 18 only about one-helf that at sca level

(fig. 6). For climbing flight, howevcr, the change of
dynamlic pressure with altitude is relatively small,

. . Large losses of.available pressure may result from
incorrcctly desisncd cooling-air ducts, so that in high-
altitude flight, for which the dynamic pressurc-is
already reduced, such losses may become very lmportant.
Correct duct design har been consldercd in. detail in
reference 4,

As a means of increasing the cooling pressure,
cowling or duct outlet flaeps are used to reducc the
prossure bechind the heat exchanger and to nrovide
thereby an ovcir-all pressure droo that is larger than
the free-atrcam dynamic pressure. Augment-ti{on of
coollng by use of outlet flaps has generally hoen
consldered necessary only in cli=bing flight., For
many installations, however, dcflection of thc outlet
flaps 1s required when cruising at altitudc.

An effective moans of augmenting the availeble
cooling pressure 1s thc use of a cooling fan located,
if possible, ahead of the enginc or hcat cxchanger.
Design methods and performance curves for cooling fans
are given in referenco 5. Analysis of fans for air-
cooled enginre installations designed for high-altitude
fli~ht shows that fan spceds of about 1.5 timcs the
englne spoed are necdcd for effective and cfficient
installations. Fans turning at propeller spced are not
particularly uscful in high-altitudo flight, -

COOLING AND FLRFORKAICE

The cooling roquiroments considereably influonce
any calculations of airnlanc cheracteristics in high-
altitude flight. In pasrticuler, thc use of outlet
flaps for increasing thec cooling pressure grcatly
incroascs the drag and seriously affects the pcrform-
ence. In ollmbing flight, for example, large deflec-
tions of the cowling flsps rcsult in marked dcercases
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in the rate of climb., This effect is 1llustrated in
figure 8 for a bomber alrplanoc climbing at an altitude
of 25,000 fcet. The decreases become more pronounced
as the altitude lnereases. Similarly, the crulsing
rengc 1s greatly reduced if large flep dcflection is
required for cooling.

The flap and cooling drag, furthcrmore, onter -
signiflcantly into any computations of opti+ um flight
conditions. For eoxemplou, 1n the dotermination of the
specd of beast climb, the powcr-requlired curve rust, at
each spoed, correspond to flight with tho particular
flap anglc that providcs the neccssary cooling at that
sapccd. In the detcormination of the bost erulsing speed,
the fla) end coolliug drag will similarly depond, for
ecach altitude and cnginc opcrating condltion considered,
on the flap anpgle roquirod to cool under that condition.
A flap e»zlc rmuch In exccss of the optimum, besides
reduclng tho cruilsing ran~e, may diminish rather than
inercasc the cooling vrossure, bceausc the corresponding
drag increasc may apprceciably rcducc the spced. A
typical chart for a bomber alrplane sl-:ing the pressure
availeble In cruising flight »lotted against cowl-flap
doflection 18 flven in fizure 9; cowl-flap deflcctions
of ovcr 10° or 12° are not particularly cffective in
incrcasing thce avallable prcssurc drop.

TFFLCT OF ALTITUDF. ON POWER RF.ZUIRED
FOR CCOLING

Accommanying the incrocase in the pressuro required
and the deereasc in the prcss:re available for cooling
at altitudc 1s an lncrease in tho cooling powcr rcquired.
If r1xing and othor extcrnal effccts acsocilated with the
flow of low~onergy alr aro disregarded, tho drag
associated with cooling 18 given by the momontum losa of
tho cooling air

Dy = M(V, - V_,)

c OX

whcre

D

o cooling drag

M masswflo; of cooling air per second
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V° airplane spoed

Vox ' velocitj of cooling eir, relativc to eirplanec,
when static prossure has returned to frog-stream
static prossuro

The coolling power is then

VoDc.' I‘.‘WO(Vo - Vex)'
If the denslty of tho cooling sair is assumcd constant,
this cooling rowcr 1s recadlly shown to equel thc sum of

(1) thc intcrnal pump power- EAp requircd to pump the
volumo mcr second M/ through the cooline unit against
tho prcssurc drop A4p and (2) the kinetlec energr

§H(Vo ch)z possosscd by the mass of cooling alr per

second K vhich, after 1t lcaves .tue elrplani., follows

at a vcloelty V, - Vﬂx Thus,

M e ¥, 2 _ 1 2% 1, 2
BAP + -M(V - Vex) = 5 tzpv 2Pv€x }'l' 5 (v - Vex)

. 2 2V M 2
= ré I\Vo - Vox ) '(VQ - VGI)

= MVO(VO - Vox)

For low prcssurc drops, the kinotic—cnergy term is
small in .comparison with thc pressurc term and the drag
power slmply cquals the internal pump powcr. For large
pressurc drops, thcldnetlec -oncrgy term becomes rolatively
larger and cquals thc intornal pump power when-the pres-

surc drop cquals the f reec-strcam dynamic pressurc

1 Vog, that 1s, whon vex 1s zoro, For this cazc, the

e

draz powor 1s twicc thc pumn nowcr, Actually, »reossure
drops of thls masnitudec or higher normally corrospond
to flicht with outlct fleps cxtcnded, for which tho
accompanyins; cncrgy losscus in the oxternal Tflow may
result in a drag powcr that is several tircs the pump
power,

The eddition of hoat to the cooling air in 1its
passage through thc hcat exchangcr may br. considerod
to have two opposing cf’ects on the coolinz drag. The
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dooreascd donsity at tho oxit implios, for a given mass
flow and internal pressure drop, increased oxit
veloclty. vex. end thus lcss momentum loas., The pressure
drop, however, as previously explaincd, 1s increasod by
the addition of heat, If the pressure drop is small
relative to the flight dynamic pressurc, the decroased
exit donsity usually dominates and addition of heat
reduces the drag; if the pressure drop is large relative
to the flight dynamic pressure, addition of hecat inoreases
the drag, A more complcte discusslon of the c¢ffoots of
hoat addition on the drag power and thce oexit voloelty. vex
is zlven in rcfcronce 5.

2ccouso of tho higher prossurc drop roquired at
altitude, the powor roquirod to cool is increased both

by the larger %ﬁp term in the cocling-power equation
and by the dcercasc in the value of Vgx 1in the kinctic-
cnorgy tcrm. fThe larsc cuonling powers reguirod at high
altitvdos can be -reatly rcduccd by improving or
enlarging the heat cxchengor. In riost cascs, the
installation of largc hcat cxchangers 17 simnly a dosign
problem but, for eir-coolcd ongines, wvccunce & metter

of enginc-cylinder design. Tho high cost in powsr of
attompting to opc.rat high sltitudes with cngincs
dcsigned for low-altitudc oporation - as is the caso
for most alrecooled crnglnes 1n gencral us- at prescnt -
1s illustreted in figurc 10. It wlll uc observod thet
thc power requircd at an altitude of 39,000 feot 1s
about 12 times that at aca lovel. Tro low cooling
powcr at sea level results from thce recovery of a part
of the hoat encrgy that has bcen added to tho cooling
alr, Thc lsrgc coolling powor roquircd at 39,000 feeot

1s due to the largc volumo of cooling alr ncoded, the
high prossurc drop therefore ncocsaary, and the large
wake loss resulting from a pressuroc drop elmost equal to
tho flight dynamic prcasuro. Tho use of o fan to
¢lliminato this wnke loss offocts a larg: saving of
cooling drag power, The valuc of the cooling power for
tho ongine installation with the fan includcs the power
to drivc the fan. A quantitative discussion of tho
offcetivoncss o fans in docrcasing the cooling power
rcquired is glven in rofcrenco S.
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CONCLUSIONS

l. The ¢ooling of alrcraft powor-plant installa-
tions 1s morc difficult in high-altitude flight than at
sea level bocause’ of thc increase in the prcssuro drop
required for cooling and the decrease .1h tho avallable
pressure drop. ) :

2. High pressure drops rcquired ‘for cooling. at
altitude rcsult from large alr-flow volocitics and
accolerations through tho hoat-exchangcr passagos.

3. Cowling-flap defloctions of morc than 10° to 12°
arc rclativoly inoffcctive in' crulsing flight., ZLarge
cowl-flap deflectlons cause extreme reduction in crulsing
rangc and rato of climb,

4, A cooling fan locotod ghoad of the heat oxchanger
provides an cfficlcnt mothod for lncreoasing tl.o prossure
available for coolin:,

5. The power rcquirod for cooiing ircrcascs with
altitudo and in thc absenco of a fan may, at 39,000 fect,
bc as mich as 12 timcs. the sova-lovel cooling power,

Langley Mcﬁbrialleronautical Laboratory
Natlional Advisory Committeé for Aeronautics
Langloy Field, Va,
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NACA ARR No. L4111
TABLE I
PHYSICAL PROPERTIES OF NACA STANDARD ATMOSPHERE®
Altitude o T P
(re) (1b/sq rt) (°F abs.) (slugs/cu ft) (p/R51)
0 ©2116.2 . 518. 0.,002378 1,000
1,000 ’ 20%1.3 51k. .002309 971
2,000 1 2.7 511.3 002242 943
,000 1896.3 507.7 .002176 .31
,000 1827.7 504.1 .002112 .88
,000 1760.5 00.6 .oozo%g .862
,000 1696.1 4197 .0 .0019 .836
,000 1633.2 ICLN .001928 811
,000 1571.6 4,89.9 .001869 .786
9,000 1512.2 ,86.% .001812 762
10,000 1f55. ,82.7 .001756 .738
11,000 1399,7 479 .2 .001202 715
12,000 1346.0 k75 .6 .00164,8 .693
13,000 129%3.,7 ,72.0 .001596 671
,000 12h2,7 ,68.5 .001 2 .650
15,000 119%.9 16}..9 .001 .629
16,000 11 6.2 461.3 .00144,8 .609
17,000 1100. 157.8 .001401 .589
18,000 1056.2 542 .001355 .570
19,000 1013, ,50.6 .001311 551
20,000 972.5 7.1 .001267 .53%
21,000 32.2 i), .5 .001225 .515
22,000 93, 29, .001183 .E 7
23,000 855. 126, .001143 181
,000 819.8 132, .001103 .h6%
25,000 785.1 129.2 .00106 Ly
26,000 751.2 25,7 .00102 Ji32
27,000 218.6 L2a.1 .000992 L4117
28,000 87.5 ,18.5 .000957 o2
29,000 655.3 115.0 .ooogzz .388
30,000 628.1 111, .000889 370
31,000 600.0 07.8 .00085 360
32,000 573.0 ol;.3 .00082 .2L7
23,000 5&6.3 ,00.7 .000795 .33
3[,,000 E?l. 397.2 .ooo762 .322
35,000 91.7 393.6 .00073 .310
36,000 L7L.5 392.4 .00070L .296
37,000 L52.3 A .000671 .282
38,000 L31.2 .0006/;0 269
9,000 Ll1.1 .000610 .257
0,000 391.9 .000582 .245
k1,000 3737 +000554, .233
L2,000 356.2 .00052 222
%ﬁ,ooo 3%9.6 .000 oﬁ .212
,000 323.8 .000[81 202
hg,ooo 308.7 .000L59 .1
46,000 zgh.z .000L37 .1
hg,ooo 280. .000417 175
48,000 267. .000397 <167
L9,000 254.9 .000379 «159
50,000 3.0 .000%361 .152
51,000 231,7 .0003 .1h3
52,000 220.9 .00022 .13
53,000 210.6 .000312 .131
5L,000 200.8 .000298 .125
55,000 191.5 .0002 .120
56,000 .6 .000271 .11l
57,000 17L.0 .000258 .10
58,000 165.9 .0002[16 10,
9,000 158.2 .000231, .09
0,000 150.8 .00022}; 09,
61,000 13.8 .000211, .ogo
62,000 13L.1 .00020 .086
62,000 120, .0001 .082
6l,,000 12%. N 4 .0001 2 .078
65,000 118.8 392.4 .00017 O7h

%pata from refersnce 6.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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NACA ARR No. L4I11

TABLE II
PHYSICAL PROPERTIES OF ARMY SUMMER ATMOSPHERE
Altitude p ° T ]
(£t) (1b/sq rt) ("F abs.) (slugs/cu ft) (p/&)
0 2116.2 559, 0.00220L 0.927
1,000 20L1.3 555. .002139 .899
2,000 13 Z.? 552.2 .002076 .873
,000 1896.3 5.8.6 .00201 847
»000 1827.7 545.0 .00195 .821
,000 1760.5 shl.% .00189 796
,000 1696.1 53&. .001837 772
,000 1633.2 53L.2 .001781 <749
e 208 Soidee 13
,000 . . . .
132900 55. §23.l, ! -001620 18
11,000 1399.7 519.8 .001569 .659
12,000 130,6.0 516.2 .001519 .63
13,000 1293,7 512.6 .001470 .61
,000 12[i2.7 509.0 .001] 22 .598
15,000 1193.9 505.% .001376 <579
15,000 1145, 201. .001331 <560
1&.000 1100. 98.2 .0012 .51
18,000 1056.} Lok .6 .001 .523
19,000 1013. hoi.0 .001202 .505
20,000 972.5 L1874 .001162 189
21,000 32,2 ,83 .8 .001122 L2
22,000 93.3 ,80.2 .0010 Ji156
23,000 855. 176.6 .0010 Lo
,000 819.8 ,73.0 .001010 A2l
25,000 785.1 HEN .00097L J10
26,000 751.2 L65. .000939 .395
21,000 218.6 h62.2 .000906 381
S 73 e “Sooel2 3]
. . - . L)
531000 253 h61.L .000810 .52&
31,000 600,0 iﬂ.e +000780 .328
32,000 57%.0 .2 .000751 316
33,000 5 6.3 0.6 .000723 .30
3[,,000 21. 137.0 .000695 «292
35,000 9z.7 455.% 000669 .28
%5,000 Lh7h.5 129, .ooo6hg .270
37,000 L52.3 ,26.2 .00061 .260
28,000 L31.2 h22.6 .00059L .250
9,000 Li1.1 419.0 .000571 .2Lo
0,000 391.9 h15.l .000550 .231
Li2,000 373.7 4b11.8 .00052 222
,000 356.2 ,08.2 .00050 .2
113,000 3%9.6 Lol .6 .000[,89 .20
,000 323.8 h01.0 .000470 .198
hz,ooo 308.7 597.% .000452 .190
46,000 zg%.z 39%., .ooohaz .183
hg,ooo 28o. 392.4 00041 .175
48,000 267. A .00039 167
19,000 gﬁ 9 .0003% .159
50,000 3.0 .000361 152
51,000 231.7 .0003 .1&3
52,000 220.9 .00032 .13
53,000 210.6 .ooo51g .132
5L.,000 200.8 .0002 «125
sz,ooo 191.5 «0002 .11
56,000 182, .000271 .11%
gg,ooo 12&.0 .000258 .10
,000 165.9 .000 .103
9,000 158.2 .00023 .09
0,000 150.8 «0002 .09
61,000 143.8 .000213 «090
62,000 137.1 «00020 .085
63,000 130.6 .0001 .0
6,000 12l.6 J/ .0001 2 .078
65,000 118.8 392.0 .00017 07k

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.




TABLE IIT

STAGNATION TEMPERATURES, NACA STANDARD ATMOSPHERE

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS.

Temperature, °F abs.

100

150

200

225

250

275

300

325

350

375

koo

425

450

75

500

525

550

575

600

higher
altitudes

06,1

520.2
513.1
505.9
498.8
L91.7
L8,.5
b7l
L70.3
L63.1
L56.0
LL8.9
m-?
L34.6
L27.5
L2o0.3
L13.2

399.0

394.2

522.5
515.h4
508.2
501.1
Lolk.0
L86.8
L79.7
k2.6
L65.4
1458.3
hs1.2
Lhk.0
436.9
L29.8
422.6
115.5
Lo8.4
Lol1.3

39645

525.6
518.5
511.3
504.2
ho7.1
489.9
482.8
k75.7
468.5
Léa.l
Lsk.3
bh7.2
Lh0.0
13249
L25.7
418.6
111.5
Lok.L

399.6

527.5
520
513.2
506.1
L99.0
491.8
L8k.7
k77.6
hro.L
L63.3
L56.2
bhg.0
Lh1.9
43L.8
L27.6
k20.5
hiz.h
Lo6.3

Lo1.5

529.7
522.6
515.k
508.3
501.2
L9l,..0
1,86.9
1479.8
h72.6
165 .5
L458.4
L51.2
Lhk .1
1i37.0
429.8
L22.7
1415.6
L08.5

403.7

532.0
5241.9
517.7
510.6
503.5
L96.3
489.2
h82.1
L7k.9
L467.8
L,60.7
453.5
A
L39.3
L32.1
425.0
7.9
l20.8

406.0

534.6
527.5
520.3
51%,2
506.1
L98.9
491.8
Lah.7
L77.5
L70.4
L63.3
Ls6.1
4h9.0
Lh1.9
L3l.7
L27.6
L20.5
hz.lh

Lo8.6

537.4
530.3
523,1
516.0
508.9
501,7
L9L.6
487.5
480.3
L73.2
L66.1
458.9
451.8
LLL.7
437.5
L30.L
L23.3
6.2

L1l

540.5
533.4
526.2
519.1
512.0
504.8
L9T.7
490.6
L83.4
L76.3
L69.2
Lé2.0
Lsk.9
Ly7.8
Lyo.é
L33.5
L26.4
9.3

Lak.5

5h3.7
536.6
529 .}
522.3
515.2
508.0
500.9
L93.8
1486.6
479.5
h72.L
465.2
L58.1
L51.0
LL3.8
436.7
429.6
k22.5

7.7

5L7.2
5L0,1
532.9
525.8
518.7
511.5
504.4
L97.3
490.1
483.0
475.9
L68.7
461.6
Lsk.5
bh7.3
LLo.2
433.1
L26.0

ha1.2

550.9
5L3.8
536.6
529.5
522.4
515.2
508.1
501.0
L93.8
4,86.7
479.6
L72.4
465.3
458.2
451.0
L43.9
436.8
ll-29 07

L2k .9

55L..9
547.8
540.6
533.5
526.04
519.2
512.1
505.0
497.8
Lso.7
1483.6
L76.4
469.3
Lé2.2
L455.0
Lh7.9
Lho.8
L33.7

Lk28.9

559.0
551.9
5hh.7
557 .6
530.5
523.3
516.2
509.1
501.9
Lsl.8
h87¢7
480.5
W73l
L66.3
L59.1
452.0

L37.8

433.0

563.4
55643
549.1
sh2.0
534.9
527.7
520.6
513.5
506.3
499.2
ko2.1
L84.9
477.8
L70.7
463.5
L56.L
LL9.3
hh2.2

4374

568.0
560.9
553.7
546.6
53945
532.3
525,2
518.1
510.9
503,8
L96.7
L489.5
L8a.k
475.3
L68.1
Lé1.0
L53.9
uhé.8

k2.0

572.9
565.8
558.6
551.5
sLL.L
537.2
530.1
5230
515.8
508.7
501.6
LoL.h
L87.3
480.2
473.0
465.9
458.8
L51.7

LL6.9

5779
570.8
563.6
556.5
549.4
542.2
535.1
528.0
520.8
513.7
506.6
L99.L
Lya.3
L85.2
478.0
L70.9
L,63.8
L56.7

h51.9

583.2
576.1
568.9
561.8
55447
54745
540.4
533.3
526.1
519,0
511.9
504.7
L97.6
150.5
4,83 .3
76,2
h69.1
62,0

,57.2

"ON dYV VOVN

TTIP1
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TABLE IV

STAGNATION TEMPERATURES, ARMY SUMMER ATMOSPHERE

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS. -

Temperature, “F abs.

100

150

200

225

250

275

300

325

350

515

Loo

L25

Ls50

475

500

525

550

575

600

higher
altitudes

561.2
55L.0
546.8
539 .6
532,]
525.2
518.0
510.9
503.6
k961
489.2
L82.0
L74.8
467.6
L60.1]
1453 .2
Lh6.9]
438.8
L31.6
hzhoh-
L17.2
L10.0
L02.8
395.6

39%.2

563.5
556.3
549.1
5L1.9
534.7
527.5
520.3
513.1
505.9
L98.7
L91.5
L8L.3
4771
1,69.9
462.7
455.5
4L8.3
Lh1.1
L33.9
426.7
ll-l905
12,3
Los.1
397.9

396.5

566.6
559.1
552.2
545.0
537.8
530.6
523 .1
516.2
509.0
501.8
hokL.6
LB7.4
180.2
L73.0
L65.8
L58.6
Ls1.h
k.2
1,87.0
429.8
L22.6
Ls.,
Lo8,.2
Lo1i.0

599 .6

568.5
561.3
55L.1
546.9
539.7
532.5
525.3
518.1
510.9
503.7
koé.5
L89.3
482.1
L7h.9
L67.7
460.5
453 .3
Lh6.1
438.9
h31.7
k2.5
417.3
Li0.1
Lo2.9

,.|.°1 -5

570.7
563.5
556.3
549.1
541.9
53L.7
52745
520.3
513.1
505.9
L98.7
191.5
L8.3
4771
169.9
L62.7
1455.5
L48.3
Lh1.a
L33.9
L26.7
119.5
ha.3
hos5.1

Loz.7

573.0
565.8
558.6
551.L
5h4L.2
537.0
529.8
522.6
515.4
508.2
501.0
193.8
L86.6
L79.L
Lr2.2
465.0
457.8
450.6
3L
L36.2
L2g.0
421.8
k.6
Lo7.k

Lo6.0

575.6
568.4
561.2
554.0
5l,6.8
539.6
532.4
525.2
518.0
510.8
503.6
1196 ..
L89.2
482.0
L74.8
L67.6
L60.L
453 .2
LL6.0
L28.8
L31.6
L2k .l
7.2
410.0

L,08.6

578.1
571.2
56L.0
556.8
549 .6
5h2.4
535.2
528.0
520.8
513.6
506.L
L99.2
h92.0
L8,.8
b77.6
kro.L
L6%.2
4s56.0
148.8
Lh1.6
L3k
L27.2
h20.0
h12.8

Ll

581.5
57k4.3
567.1
559.9
552.7
545.5
538.3
531.1
523.9
516.7
509.5
502.3
495.1
L87.9
480.7
L73.5
L66.3
L59.1
,51.9
L7
L37.5
L30.3
L23.1
415.9

Lak.5

58,.7
57745
570.3
563,1
555.9
548.7
541.5
5343
527.1
519.9
512.7
505.5
4,98.3
Loir.1
483.9
L76.7
L69.5
Lé2.3
L55.1
Lh7.9
Lho.7
L33.5
426.3
k19.1

L7.7

588.2
581.0
573.8
566.6
559 .4
552.2
545.0
537.8
530.6
523 .44
516.2
509.0
501.8
Lol .6
L87.4
L80.2
L73.0
L65.8
458.6
Ls51.Y
Ll .2
437.0
429.8
L22.6

L21,2

591.9
584.7
577.5
570.3
563.1
555.9
548.7
5L1.5
534.3
527.1
519.9
512.7
505.5
L98.3
191.1
L483.9
L76.7
469.5
L62.3
455.1
k7.9
LLo.7
L33.5
L26.3

L2k.9

595.9
588,7
581.5
574.3
567.1
559.9
552.7
545.5
538.3
531.1
523.9
516.7
509.5
502.3
L95.1
487.9
480.7
L73.5
L66.3
459.1
451.9
Lik.7
437.5
Li30.3

428.9

600.0
592.8
585.6
578.L
571.2
56L..0
556.8
549.6
sha.L
535.2
528.0
520.8
513.6
506.1L
L99.2
Lh92.0
1484.8
477.6
INOAR
Lé3.2
456.0
L48.8
Lh1.6
L34

L33.0

60l
597.2
590.0
582.8
575.6
568.4
561,2
554.0
546.8
539.6
532.4
525.2
518,0
510.8
503.6
Loé.L
489.2
482.0
L7L4.8
L67.6
Léo.l
53,2
Lhé.0
438.8

L37.4

609.0
601,8
59k.6
587.4
580.2
573.0
565.8
558.6
551.4
54L.2
537.0
529.8
522.6
515.4
508.2
501.0
493.8
486.6
L79.4
L72.2
1465.0
Ls7.8
L50.6
LL3.h

Lh2.0

613.9
606.7
5995
592.3
585.1
577.9
570.7
563.5
556.3
Sh9.1
541.9
53L.7
527.5
520.3
513.1
505.9
98.7
I91.5
48L.3
L1741
46949
L62.7
455.5
LL8.3

Lh6.9

618.9
611.7
604..5
597.3
590.1
582.9
575.7
568.5
561.3
554.1
546.9
539.7
532.5
525.3
518.1
510.9
503.7
L96.5
1489.3
482.1
L7h.9
Lé7.7
L60.5
L53.3

451.9

624.2
617.0
609.8
602.6
595 .4
588,2
581,0
575.8
566.6
559 o4
552.2
545.0
537.8
530.6
523,
516.2
509.0
501.8
L9k, 6
1487.L
180.2
L73.0
L465.8
458.6

457.2

4T
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NACA ARR No. L4111 18
TABIR V
NATIONAL ADVISORY
IMPACT PRESSURES, NACA STANDARD ATMOSPHERE COMMITTEE FOR AERONAUTICS.
P Pressure, 1b/sq ft
irspee
(-ph.)q
Altl 100 150 200 228 280
tude
(re)
Q¢ [0-99c]0.8qc| Qe [0e95| 0eBq; ] e 04940 [04895| Gz |049qg| 048q0| qc |0.9qc[0.8q,
0| 25.7] 23.1] 20.6|58.2| 82.4| 46.8{104.2] 93.8| 835.4[132.5]/119.3] 106.0| 184.4}148.0]|131.5
2,000 | 24.2| 21.8] 19.4|54.9| 49.4] 43.9| 98.2] 88.4 | 78.8 |1R24.9]112. 99.9{1556.0{139.5|1R4.0
4,000 | 22,8 20.5] 18.2|51.7| 46.8] 41.4 | 92.6] 83,3 74.1/117.7{105.9] 94.2/146.01131.4{116.8
6,000 | 21.5| 19.4] 17.2|48.8| 43.9] S9.0| 87.2| 78.5| £9.8|110.9]| 99.8] B8.7|137.6[123.8{110.1
8,000 | 20.2| 18.,2| 16.2j45.8| 41.2] 36.6| 82.0] 73.8] 65.6[104.3| 93.9] 83.4{1290.3(116.4{103.4
10,000 { 19.0| 17.1| 15.,2|43.1| 38,8] 34.5| 77.1{ €9.4 ) 61.7| 98.0| 88.2; 78.4]121.6|109.4| 97.3
12,000 | 17.8] 16.0| 14.2|40.4] 38.4| 32.4 | 72.2] 65.2] B7.9| 92. 82,.8] 73.6]114.2]102.8] 91.4
14,000 | 16.7{ 15.0] 13.4|37.9| S4.1| 30.3| 67.8| 61.0| B54.2| B68.3| 77.7| 69.0{107.1| 96.4| 85.7
16,000 | 15.7( 14.,1] 12.8]|35.5] 32.0] 28.4| 63.5] 87.2] 50.9| 80.9| 72.8] 64.7}100.4| 90.4} 80.3
18,000 | 14.7( 13.2]| 11.8|33.2| 29.9| 26.6]| 59.5| 53.6| 47.6| 75.7]| €8.1| 60.6| 94.0| 84.6] 75.2
20,000 | 13.7| 12.3] 11.0{31.1| 28.0} 24.9{ 55.7| 50.1| 44.68| 70.8]| 63.7| 56.6( 87.9] 79.1] 70.3
22,000 | 12.8]| 11.5| 10,2{29.0]| 26,1] 23.2| 52.0| 46.8)] 41.86| 66.2| 59.6| 53.0| 82.1] 73.9] 68.7
24,000 | 11.9] 10.7| 9.5|27.1} 24.4| 21.7| 48.5] 43.7 | 38.8( 61.7| 55.5| 48.4| 76.6] 68.9| 61.3
26,000 | 1l1.1l| 10,0 8.9|25.2| 22.7] 20.2| 45.2| 40.7 | 36.2| 87.5] 51.8| 46.0| 71.4] €64.3]| 857.1
28,000 | 10.3| 9.3| 8.2(23.5] 21.2/ 18.8| 42.1] 37.9| 33.7| 53.6| 48.2] 42.9| 66.5| 59.9] 53.2
30,000 9.8 B8.6{ 7T.7(21.8| 19.6] 17.4( 39.1| 35.2| 31.3| 49.8| 44.8] 39.8] 61.8| 56.6( 49.4
32,000 8.9] B8.0| 7.1(20.3| 18.3]| 16.2| 36.4) 32.8| 29.1| 48.3| 41.7| 37.0| 57.5| 51.8| 46.0
34,000 B8.3] 7.5| 6.6/18.8| 16,9 15,0{ 33.7| 30.3| 27.0| 42.9| 38.6| 34.3| 53.2| 47.9| 42.6
36,000 7.8 6.8| 6.1/17.3} 15,6| 13.8| 31.0| 27.9| 24.8] 39.5| 365.6] 31.6| 49.1| 44.2| 39.3
38,000 6.9 6.2| 5.5i116.7| 14.1| 18,6 28.2] 25.4 | 22.6| 35.9| 32.2| 28.7| 44.6] 40.1] 35.7
40,000 6.3 6.7 5.0[14.3| 12.9| 11.4} 25.7| 23.1 | 20.8| 32.6| 29.3| 26.,1| 40.8| 36.5| 32.5
42,000 5,7} 6.1] 4.6)13.0( 11.7| 10.4| 23.3] 21.0} 18.6]| 29.7] 26.7| 23.8] 36.9]| 33.2]| 29.5
44,000 5.2 4.7 4.2(11.8| 10.6] 9.4} 21.2; 19.1| 17.0| 27.0]| 24.3| 31.6] 33.5| 30.2| 26.8
46,000 4.7 4.2] 3.8(10.7| 9.8 8.6 19.3] 17.4 | 15.4| 24.5( 22.1] 19.6| 30.4| 27.4| 24.3
48,000 4.3 3.9| 3.4 9.7| 8.7 7.8| 17.5| 15.8| 14.0; 22.3( 20.1| 17.8| 27.7| 24.9| 22.2
50,000 3.9] 3.8| 3.1] 8.9| 8.0 7.1| 15.9| 14.3| 12.7| 20.2| 18.8| 16.2( 25.2 | 22.7]| 20.2
Pressure, 1lb/sq ft
iraspeed
(mph)
ALl 275 300 328 380 375
tude
(re)
Q. 0.9!1c 0.8q,| Q4 0.‘3:1c 0.8qc 1S 0.9q, {0.8q,| q. O.9¢.1c O.8q.} q. 0.9q,10.8q,
0 {199.9]|179.9/159.9|239.3 |215.4| 191.4 [282.7|264.4 |226.2 |[330.4 (297 .4| 264.3|382.1|343.9{306.7
2,000 {188.6([169.7(150.9{226.8{203.21 180.6 [266.8[{240.1 (213.4 [311.8(280.6( 249.4(380.6(324.5{288.5
4,000 |177.7]|159.9|142.2{2127 |191.4]170.2 |251.3{226.2 |201.0|293.7|264.3] 235.0(339.7 |305.7}271.8
6,000 |167.4]|160.7]135.9/2004|180.4]160.3{236,8|213.1189.4 {276.7 |249.0| 221.4|320.1|288.11256.1
8,000 |157.4)|141.7|126.9(188.4[169.8}150.7|222.8|200.5 |178.2 |260.4{234.4| 208.3(301.2({271.1]241.0
10,000 |147.9]135.11118.3|177.2|159.5| 141.8|209.6|188.6 [167.7 |244.9|220.4] 195.9(283.3{25685,0|226.86
12,000 |138.9}125.0/111.1{166.5|149.9] 133.2 [196.9|177.2 [1567.5|230.0{207.0| 184.0(266.1{239.5(212.9
14,000 |130.4)117.4]104.3]156.1/140.5]124.9/184.7{166.2 |147.8(215.9)194.3] 172.7/249.7 |224.71199.8
16,000 |122.2/110.0| 97.8{146.4{131.8(117.1}173.1|165.8|138.5|202.5|182,.3| 162.,0/234.2|210.8[187.4
18,000 {114.5|103.1| 91.6]1357.1]123.4|109.7]162.2]|146.0{129.8|189.7|170.7] 151.8{219.6|197.6[175.7
20,000 |107.0| 96.3] 85.6]128.3{115.5/102.6 |151.8{136.6 {121.4(177.5|159.8| 142.0|205.5]|185.0{164.4
22,000 [100.0] 90.0] 80.0{120.0{108,0| 96.0|141.9(127.7|113.5|165.8{149.2]|132.6|192.1]172.9]{153.7
24,000 | 93.3| 84.0| 74.6[111.8(100,6] 89.4(132.4(119.2|106.9(164.7{139.2]|123.8|179.3|161.4;143.4
26,000 | 87.0| 78.3] 69.6/104.5| 93.9| 83.4|123.4|111.1| 98,7 [144.3|129.9| 115.4]|167.2{150.4!133.8
28,000 | 81.1) 73.0{ 64.9| 97.2| 87.5| 77.8{115.0|103.6| 92.0{134.5/121,1/107.6[15€6.0{140.4{124.8
30,000 | 75.4| 67.9] 60.3| 90.4| B8l.4| 72.31106.9| 96.2| 856.5[125.2]|112,7] 100.2]/145.0{130.5/116.0
32,000 | 70.0| 63.0| 56.0| 84.1| 75.7| 67.3| 99.4| 689.5! 79.5(116.4(104.8| 93.1]/135.0/121.5(108.0
34,000 | 64.9| 58.4| 51.9] 77.9| 70.1| €2.,3| 92.2] 83.0( 73.8(107.9| 97.1} 86.3)125.3/112.8/100.2
36,000 | 59.8] 53.8| 47.8| 7T1.7| 64.5 87.4| 84.9| 76.4) 67.9| 99.4] 689.5 79.5/115.4(103.9| 92.3
38,000 | 54.4| 49.0] 43.5| 65.2! 68,7 82.2| 77.2] €9.5) 61.8| 90.4] Bl.4| TR.3/104.9| 94.4]| 83.9
40,000 | 49.4) 44.5] 39.5] 59.3| 53.4] 47.4) 70.2| 63.2| 56.2| 82.2{ 74.0| 65.8/ 95.4| 85.9; 76.3
42,000 | 44.9| 40.5] 35.9| 63.9] 48.5| 43.1( 63.8| 57.4| 51.0| 74.7| 67.2| 59.8{ 86.7| 78.0| €69.4
44,000 | 40.9| 36.8] 32,7 49.0| 44.1] 39.2| 58.0| 52.2| 46.4| 67.9f 61.1} B4.3] 78,8| 70.9| 63.0
46,000 | 37.1| 33.4| 29.7| 44.5| 40.1] 35.6] 52.7| 47.4( 42.2; 61,7| 55.5| 49.4| 71.6| €4.4| 57.3
48,000 | 33.7| 30.3| 27.0| 404| 36.4] 32.3| 47.9| 43.1| 38.3| £66.0| 50.4] 44.8| 65.1] 58.6] 52.1
50,000 | 30.7| 27.6| 24.6] 36.8] 33.1] 20.4| 43.5| 39.2| 34.8| 51.0] 45,9 40.8| 59.2| 53.3| 47.4
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

TABLE V - Concluded

NACA ARR No.

IMPACT PRESSURES, NACA STANDARD ATMOSFPHERE - Concluded

L4I11

Pressure, lb/sq £t
irspeed
(=ph)
ALte 400 425 450 475 500
tude
(re)
Qg |0-995|0:8q5) Qg | 0499,(0-8q,| Qg [0.99,]0.89,] q, {0.99,10.8q;| Qq, [0.99,]|0.8q,
O [4368.1|394.3[350.5]499,2| 449.3(599.4| 564.8|508.3|451,.8!635.2{572.8 [509.0{ 712.0(640.8|569.6
2,000 |415.4|372,1|330.7|471.1| 424.0({376.9| 535.5|480.2]426.8|600.4!540.4 [480.3)672.5|6056.3|538.0
4,000 [389.8|350.8|311.8]444.6] 400,1!355.7| 503.5|453.2(402.8| 565.6|509.9 |453.5] 634.1|570.7|507.3
6,000 [367.2]330.6{293,8|418.8| 376,9|335.0]474.5|426.9|379.4;533.8|480.4 [427.0| 597.9|638.1]478.3
8,000 [3545.9|311.3{276.7/594.1] 354,7(315.3|446,.3|401.7[357,0|502.5!452,5{402.2| 563.1[806.8]450.58
10,000 [325.3]|292.8|260.2|371,0| 333.9(296.8{420.1(378.1|336.1{473.2(426.9 |378.6]| 530.0|477.0|424.0
12,000 1305.6/278,0|244.5|348.8] 313,9(|279.0{ 395,0|355.5(816.0(444.9[400.4 [3565.9/498.3|448.5|398.6
14,000 |286.7]|258,0/229.4)327.3]294,6]261.8)371.0/333.9|296.8/417.9|376.1 |334.3]468.0(421.2)/374.4
16,000 [269.,2[242.3]|215.,4|307,.3{276,.6|245.8|348,0{313,2(278.4|392.0|352.8 (313.6{439.4|396.5{361.5
18,000 [252,.2|227,0]/201.8]287,9|259,1|230.3(326.3|293.7 (261.0{367.5{330.8 (204.0/411.9]{370.7|329.5
20,000 [236.2}212.6(189.0|269,4|242.5]{215.5|305.5(274.8[244.2|3544.2|309.8 [275.4|3856.8347.2|308.6
22,000 1220,8/198,7/176.6|262.0]226,8]201.6)285.6/257.0228.5)|322.0}289.8 |257.6|360.9}324.8/288.7
24,000 [206.2{185.8]165,0)1235,2(211.7|188.2|266.8(240.1{213.4(300.7[270.6 |240.6|357.1{303.4[269.7
26,000 [192.4(173.2(153.9]1219.,6(197.6(175.7|248.9(224.0(199.1{280.5[252.5 |224.4[314.7(283.2]|251.8
28,000 |179,4[{161,.56]|143.5/204.8]184,3/163.8/232.1(208.9(185.7|261.6]235.4 |209.53{293.7|264.53{235.0
30,000 {166.91150,11335.4|190,8(271.5(152.5(216.2(194.6(173.01243.7(219.3 (198.0{273.6 (246.2(218.9
32,000 [185.3]139.8(124.,2(177.,4{159.7[141.9/201.2[181.1|161.0(226.8|204,1 |181.4|254.9(229.4[203.9
2000 |144.1]129.7(115.3|164.6]|148,1|131.7]186.7(168.0(149.4)210.6(189.5(168.5|236.5[212.9(|189.2
36,000 [132,7({119.4|106,2(151.6(136,4[121.3{172.0(154.8{137.6{194.2|174.8|155.4(218.2]196.4(174.6
38,000 1120.,7(108.8| 96.6[137,8(124.0{110.2{156,3{140.7(125,0[176.5(156.9 [141.2{198.3{178.5[168.6
40,000 [109.7] 98,7| 87.81125,3/112,8 (100.2[142.2|126.0(115.8]/160.5(144.5 |120.4{180.4(162.41144.3
42,000 99,7 89,7] 79.7(113.9/102,5| 91.1]1209.2[116.3 [103.4[145.9]131.3 [116.7[163.9[147.5{131.1
44,000 90.7| 8l.6| 72.6[103,8] 93.2| 82.9{117.5{105.8| 94.0[132.7|119.4 [106.2]149.1|134.2[119.3
46,000 82.4| 74.2| 65.9| 94.1| 84,7 75.3{108,.7| 96.0| 85.4[120.5[108.5| 96.4|135.4}121.9[108.3
48,000 74.8]| 67.53| 69.8] 85,5( T7.,0| 68.4| 97.0| 87.3| 77.8]109.5| 98.8| 87.6}123.0{110.7| 08.4
50,000 68.1]| 61,3 4.5 77.7| 69,9 62.8| 88.2| V9.4 70.8} 99.6] 89.8{ 79.7|111.9[100.7| B89.5
Pressure, 1b/sq ft
Alrspeed
(zph)
A1t 525 550 578 800
tude
(re)
Qe | 0e9q, | 0.8q, q, 0.9q, | O0.8q, Qg 0.99, |.0+8q, W 0.9q, 0.8q,
[o] T92.7 | 7T13.4 | 634.2 880.1 | 792.1 | 704,1 973.8| 876.4 | 779.0 1073.2 | 865.9 858.6
2,000 749.4 | 674.5 | 699.5 831,9 | 748.7 } 665.5 920.,8 | 888.5 | 736.4 1015.3 | 913.8 812.2
4,000 T07.2 | 636.5 | 565.8 786.1 | 706.6 { 628,.1 868.6 | 781.7 | 694.9 958.0 | 862.2 766.4
6,000 666,.,8 | 600.1 | 533.4 740,53 | 6668,3 | 692.2 819.7 | 7T37.7 | 655.8 903.3 | 813.0 722,68
8,000 628,0 | 565.2 | 502.4 697.2 | 627.5 | 567.8 | 772.,0 | 694.8 | 617.8 851.4 | 766.3 e8l.1
10,000 591.1 | 632.0 | 472.,9 | 666.7 | 591.0 | 825.4 | 727.2 | 684.5 | £81.8 801.3 | 721.2 | 641.0
12,000 555.7 | 500.1 | 444.6 618,00 | 5566.2 | 494.4 684.2 | 615,08 | 547.4 764,68 | 879.1 | 603.7
14,000 521.9 | 469.7 | 417.5 | 580,35 | 522.3 | 464.2 | 643.1 | 578.8 | 514.8& 708.6 | 637.7 | 566.9
16,000 490.4 | 441.4 | 392.3 845,35 | 490.8 | 436.2 603.8 | 543.4 | 483.0 686.8 | §599.2 532,68
18,000 459.7 | 413.7 | 367.8 511.6 | 460.4 | 409.3 566.4 | 509.8 | 453.1 624.6 | 562,11 499.7
20,000 431.0 | 387.9 | 344.8 479.,2 | 431.3 | 383.4 530,56 | 477.5 | 424.4 585,0 | 826.5 468.0
22,000 403.1 | 362.8 | 322,85 448,68 | 403.7 | 358.9 496,06 | 446.9 | 397.3 548,11 | 493.3 438.5
24,000 376.6 | 338.9 | 301.2 419,0 | 377.1 | 335.2 464.2 | 417.8 | 371.4 511.9 | 460.7 409.5
26,000 351.8 | 316.6 | 281.4 391,8 | 352.4 | 313.2 433.4 | 390.1 | 348.7 478.3 | 430.5 382.6
28,000 328.4 | 295.6 | 262.7 365,.1 | 328.6 | 292.1 404,06 | 364.1 | 323,68 4468.7 | 402,.0 357 .4
50,000 305.9 | 275.3 | 244.7 340,3 | 306,3 | 372.2 377.0 | 339. 301.8 416.4 | 374.0 S83.1
32,000 2084.9 | 256.4 | 227.9 316,7 | 285.,0 | 865.4 551.2 | 316.1 | 281.0 387.8 | 349.0 310.2
34,000 2064.68 | 238.1 | 211.7 204.3 | 264.9 | 235.4 326.,0 | 293.4 | 260.8 360.4 | 324 .4 288.3
36,000 244.1 | 219.7 | 195. 271,3 | 244.2 | 217.0 300.8 | 370.7 | 240.8 332.4 | 299.2 2¢8.9
» 000 221.9 ) 199.7 | 177.5 246,7 | 222.0 | 197.4 273.8 | 248.2 | 218.8 302,2 | 272.0 241.8
40,000 201.8] 181.6 | 161.4 224,.3 | 201.9 | 179.4 248,.7 | 223.8 | 199.0 274.8 | 247.3 219.8
42,000 16835.4 [ 166,11 | 146.7 203,9 | 183.5 | 163.1 286,0 | 203.4 | 180.8 249.8 [ 224.8 199.8
44,000 166.8 | 150.1 | 133.4 | 185.4 | 166.9 | 148.3 | 205.5 | 185.0 | 164.4 227.1 | 204.4 | 181.7
46,000 151.5 | 136.4 | 121.2 168.4 | 151.6 | 134.7 186.7 | 168.0,| 149.4 206.4 | 185.8 165.1
48,000 137.6 | 123.8 § 110.1 | 163,0 | 137.7 | 122.4 | 169.6 | 152.6 | 135.7 187.5 | 168.8 | 160.0
50,000 125.2 | 112.7 { 100.2 139.1 1] 125.2 | 111.3 154.2 | 138.8 | 1R3.4 170.6 | 163.5 136.4
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TABIR VI
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS. INPACY PRESSURRS, ARNY SUIMER ATMOSPHERE
. . Pressure, 1b/sq ft
repoed
{mph)
Altd 100 180 200 286 200
tude
(re)
QW O..q. O.N,,‘ _ QR 0.0qc 0.0q‘ L 0.91. O.N. L7 (:i.’q° 0.0Q. , O..qc 0.0q.
0 | 23.8| 21.4| 19.0| 53.8] 48.4] 43.0| 96.8| 88.9! 77.2)122.6/110.3] 98.1[182.1|138.9|121.9
2,000 | 82.4| 20.2] 17.9| 50.7| 48.6| 40.8| 90.9| 81.8] 72.7|115.8|104.0} 92.4|145.2/126.9/114.6
4,000 21.1] 19.0{ 16.9| 47.7| 42.9| 38.2| 85.8| 77.0{ €8.5/108.7] 97.8] 87.0|134.8(121.3/107.8
6,000 19.8| 17.8] 15.8| 44.9| 40.4| 35.9| 80.6| 78.5| 64.5/102.3| 92.1} 81.8|126.9]/11¢.2| 101.5
8,000 | 18.6| 16.7| 14.9| 42.2] 38.0| 33.8| 75.6| 68.0} 60.5| 96.0| 86.4] 76.8{119.1]|107.2| 95.3
10,000 | 17.5| 15.8| 14.0| 39.68] 35.8| 31.7] 71.0( 63.9| 86.8| 90.2| B81.2} 72.2{111.9/100.7| 89.%
12,000 | 16.4| 14.8]| 13.1} S7.1] SS.4| 29.7| 66.6| 59.9| 83.3| 84.7| 76.2] 67.8(105.0] 94.8| 84.0
14,000 | 16.4| 13.9| 12.3| 34.8]| 351.3| 27.8] 62.4| 56.2| 49.9| 79.2| 71.3] 63.4] 98.3| 86.5] 78.6
16,000 | 14.4| 13.0| 11.5| 32.6] 29.3| 26,1] 58.4| 52.6| ¢6.7| 74.2| 66.8] 59.4] 92.0| 82.8] 75.8
18,000 | 13.4| 12.1| 120.7| 30.8| 27.5| 24.4| 54.6| 49.2| ¢3.7| 69.4| 62.5] 55.5| 86.1| 77.5| €8.9
£0,000 18.6| 11.3| 10.1| 28.8] 85.7| 22.8| 51.0| 46.9| 40.8| 64.8| 58.3] 51.8| 80.4| 72.4| 64.3
28,000 11.7| 10.8 9.4 86.6] 83.9| 21,.3| 47.6] 42.8] 38.1; 60.5) 54.5| 48.4| 758.1| 67.6| 60.1
24,000 10.9 9.8 8.7 | 24.8] 82,3] 19.8] 44.3| 39.9] 35.4; 86.4| 50.8] 45.1] 70.0| 63.0| 868.0
26,000 | 0.2 9.8| 8.2| 23.0 27| 18.4] 41.2| 37.1] 33.0{ 52.4] 47.2| 41.9| 66.1| $8.6| 82,1
28,000 9.4 8.5 TeB| 21e4] 19.3| 17.1| S8.3| 34.5| 30.6| 48.7| €3.8| 39.0| 60.5| 84.5] 48.4
30,000 8.8 7.9 7.0] 19.9] 17.9] 15.9| 35.6| 38.0! 38.,5| 45.3| 40.8| 36.2| 88.8| 50.6| 45.0
»000 8.1 7.3 6.5| 18.4| 16.68| 14.7| 35.0}| 20,9} 26.4| 42.0| 37.8| 33.6| 52.1| 46.9| 41.7
34,000 7.8 8,8 6.0 17.0{ 16.3| 13.8| 30.6| 27.5| 24.5| 38.9| 35.0| 31.1]| 48.3| 43.5| 368.6
36,000 7.0{ 6.3 8.0| 15.8| 14.8| 12.6| 28.3| 25.58| 88.6| 36.0| 32.4| 28.8| 44.7] 40.2]| 35.8
38,000 S.4 5.8 8.1 | 14.6| 13.1| 11,7 6.1 23.5] 20.9| 33.3| 30.0| 26.6] 41.3| 37.2| 33.0
40,000 5.9 8.3 4.7 13.5| 18.2| 10.8{ 24.2| 21.8] 19.4| 30.8| 27.7| 24.6] 38.2| 3¢.4| 30.6
42,000 8.8 5.0 4.4 18.8] 11.3{ 10.0( 88.4| 20.8] 17.9| 28.4]| 25.6 | 22.7( 35.4| 31.9] 26.3
44,000 8.1 4.6 4.1] 11.,5| 10.4 9.2 20,7| 18.6]| 16.6| 28.3] 23. 21.0] 32.7| 29.4| 26.2
46,000 4.7 4.2 3.8| 10.7 9.6 8.61 19.2| 17.3| 15.4] 24.4] 22.0] 19.5] 30.3| 27.5] 2¢.8
48,000 4.3 3.9 3.4 9.7 8.7 7.8] 17.6| 186.8]| 14.0( 82.3] 20.1| 17.8{ 27.7| 2¢.9] 22.2
80,000 3.9 3.6 3.1 8.9 8.0 7.1 18.9| 14,.3| 18.7] 20.3]| 18.3| 16.2| 25.2 ) 22.7]| 20.2
Pressure, 1b/sq ft
Airspeed
(mph)
Alte 278 300 325 350 378
tude
(re)
Qe O.qu 0.8° L 0.9q° O.ch Qe 0.9q° O.qu 9 0.9q° O.ch L9 O.qu 0.8(1°
0 [184.9[168.4 [147.9{221.3(199.8(177.0|261.0 [234.9 [208.8]305.0(274.5 [244.0|352.5 |317.3|268.0
2,000 1174.2186.8(1359.4]|208,56|167.7|166.8|246.1 |221.5[196.9|267.6|258.8|230.) |332.4 {209.2|265.9
4,000 (164.0[147.6[131.2/196.1)176.8 -9 o7 1208.5 |185.4 |270.6 | 243.5 [216.5 |512,7 [281.4 |280.2
6,000 [164.3 [138.9183.4|184.7|166.8]|147.8{218.0 (196,.2 [174.4|264.7 |229.2 [203.8 [204.4 |265.0 |235.8
8,000 [148.0{130.5(116.0|173,4 #1]{138.7{204.9 [104.4 [163.9]|239.4 |215.5 |191.5 |276.7 [249.0 |221.4
10,000 «2[122.6 |109.0]|163.,0(148,7(150.4 [198.5 |175.3 [184.1|224.9[202.4 (179.9 [260.1 |{234.1 |[208.1
12,000 [127.7{124.9|102.2]|182,8|137.5|122,.2 [160.6 {162.5 |144.8]|211.0{189.9|1608.8 |244.1 [219.7 |196.3
14,000 [119.7{107.7| 95.8|143.8|126.9]114.6 |160.2 [182.3 |158.4]107.8]178.0 [168.2 |228.5 |205.7 [182.8
16,000 [112.0{100.8| 89.6|134,2|180.7]107.3 [156.8 |142.7 |186.6]|185.1|166.6 |146.1 |214.1]192.7 [171.3
18,000 |104.8| 94.3| 83.8/125.4|112,9}100,3 [148.2 |133.4 {118,6|173.2|188.9|138.6 {200.3 |180.3 [160.2
20,000 $7.9| 88.1} 78.3|117,3{105.6| 93.6|138.8|124.7 [110.8]|161.9|145.7]129.5{187.3|168.6]149.8
22,000 91.4] 82.3]| 73.1|109.4] 98.5| 87.5]129.4[116.5(103.5]|161.2(136.1{121.0{175.0|157.5]140.0
24,000 | 85.1] 76.8| 68,1]|102.,0( 91.8] 81.6|120.6[108.5] 906.5]141.0|126.9]112.8(163.2146.9[130.6
26,000 | 79.2] 71.3| 63.4| 94.9}! 85.4| 75.9(112.3[101.1| 89.8]151.2|118.1[105.0|1561.9{136.7|181.8
28,000 | 78,7 68.3] 59.0] 88.3| 79.8| 70.6|104.4| 94.0| 63.5]122.1]109. 97.7 |141.3}287.2[113.0
30,000 6B8.4| 61l.6| 54.,7| 82,0| 73.8| 65.8| 96.9| 87. 77.5|113.41102.1| 90,7 {131.3{118.2]108.0
32,000 63.4| 87.1| 80.7] 76.,1| 68.5| 60.9| 90.0}] 8l.0| 72.0]106.2| 94.7| 84.2(121.8|109.86]| 97.4
34,000 88.8| B2.0| 47.0] 70.8| 63.5] 56.4| 85.3) 75.0} 66.6] 97.5| 87.8] 76.0|112.8]|101.5] 90.2
36,000 84.4| 49.0| 43.5| 65.8] 58.7] 62.2| 77.2] 69.5| €1.8| 90.3| 81.3] 72.2|104.6] 94,1} 85.7
38,000 80.3 | 45.3 | 40.2] 60.3| B4.3] 48.2| 71.4| 64.3] 57.1| 83.5| 75.2] 66.8| 98.7| 687.0]| 77.4
40,000 46.6 | 41.9 | 37.3] 55.9| 50.3] 44.7| 66,1 59.5| 52.9] 77.4| 69.7] 61.9| 69.7| 80.7} 71.8
42,000 | 43.1| 38.8 | 34.5| 51.7| 46.5] 41.4| 61.1| 55.0| 48.9] 71.5| 64.4] 87.2| 82.9| 74.6} 68.3
44,000 39.9 | 38.9 | 31.9] 47.8] 43.0| 38.2| 56.6| 80.9| 45.3| 66.2| 59.8| 53.0| 78.8] 69.12} 61.4
46,000 36.9 | 33.2 | 20.5] 44.3| 39.9] 35.4| 52,5 47.3| 42.0) 61.4| 55.3| 49.1] 71.2] 64.1] 87.0
48,000 33.7 | 30.3 | 27.0| 40.4| 30.4! 32.3| 47.9| 43.1 | 38,3} 56.0| 50.4| 44.8! 68.0| 58.8| 88.0
80,000 30.7 | 7.6 | 24.6] 36.8{ 33.1] 29.4| 43.5] 39.2 «8] B1.0{ 48. 40,8 69.1| 83.2| 47.3
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NACA ARR No. L4111
TABLE VI - Concluded
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS. IMPACT PRESSURES, ARMY SUMMER ATMOSPHERE - Concluded
Pressure, 1b/sq ft
irspeed
(mph)
Alte 400 425 450 475 500
tude
(£t}
Qe [0.99,]0.8q, qe [0.994|0.8q, Qe |0.99,[0-8q, Qe |0.99,| 0-8q, Qe | 0+9q4] 0e8q,
0 |404.1|363.7]323.3| 460.1{414.1| 368,1 |520.6(468.5|416.5| 585.4| 526.9] 466.3| 655.2| 589.7| 524.2
2,000 |3581.0]|342.913504.8] 433,8|390.4| 347.0{490.8/441.7|392.6| 552.4| 497.2| 441.9]617,7] 555.9]| 494 .2
4,000 {358.8]|322,9]287.0| 408.4|367.6| 326.7 {462.2|416.0}369.8] 520.1] 468.1| 416.1] 582,1| 523.9| 465.7
6,000 |337.8{304.0]270.2) 384.5|346.1) 307.6]435.1({391.6|348.1] 489.7} 440.7| 391.8| 548,0| 493.2} 438.4
8,000 |317.5|2856.8]264.0( 361.41325.5(289.1 1409.0(368.1|327.2| 460.7| 414.6] 368.6| 515.6{ 464.0| 412.5
10,000 |298.2]{268.4|238.6| 339.7(305.7|271.8 (384.8|346.3|307.8| 435.0| 389.7) 346.4]| 484.6| 436.1| 387.7
12,000 [279.8|251.8|225.8] 318.9|287.0({255.1{361.1{325.0{288.9| 406.4 365.8&525.1 455.2|409.7}364.2
14,000 |262.2{236.,0[]209.8| 298.8|268.,9{ 239,00 |338.4|304.6|270,.7} 380,8| 342.7| 304.8]| 426,5| 383.9|341.2
16,000 [245.7{221.1]|196,6| 280.2|252.2| 224.2 (317.3(|285.6}253.8] 357.1]321.4| 285.7] 399.9| 359.9(319.9
18,000 [230.0]|207.0| 184.0]262.3|235,9|209.7 [297.1(267.4{237.7| 334.3] 300.9| 267.4| 374.5| 337.1|299.6
20,000 |215.1|193.6|172.1)245.8}220.8]196.2|277.8|250.0{222.2} 5312.9|281.6| 250.3| 3560.1| 315.1|280,1
22,000 1200.8{180.7|160.6|229.0{206.1]|183.2 |2590.4|233.5[207.5] 292.1{262.9] 233.7| 327.2|294.5{261.8
24,000 |187.5(168.8{150.0| 213.8{192.,4]|171.0(242.1|217.9]193.7| 272.7{245.4| 218.2| 305.4|274.91244.3
26,000 |174.4|157.0|139.5}199.1|179.2]159.3 [225.5|203.0|180.4( 254.0{228,6] 203.2|264.4]| 256.0{227.5
28,000 [162.3|146.1]| 129.8] 185.3|166.8] 148.2 |210.0|189.0] 168.0] 236.5{212.9| 169.2{265.1]288.6]|212,1
30,000 [1650.9|135.8{ 120.7§172.1)|164.9]137.7 |195.0]|175.5]156,0| 219.7] 197..7| 175.8] 246.2| 221.6} 197.0
32,000 }140.0|126.0{112.0] 169.8| 143.8{127.8|1681.2|163.1{145.0| 204.0| 183.6| 163.2] 228.7| 205.8{ 183.0
34,000 1129.8{116,8| 203.8| 148.0(133.2|118.4 (167.9|151.1] 134.3} 189.2| 170.3| 151.4|212.2}{191.0| 169.8
36,000 {120.2/108.2( 96.2]137.2|123.5[109.8(165.7|140.1{124.6( 176.3| 157.6{ 140.2 196.7( 177.0(157.4
38,000 }111.3/100.2{ 89.0]127.,0/114.3{101.6)144.1|129.7|115.3} 162.4]| 146.2{ 129.9| 182.2| 164.0]| 145.8
40,000 |103.2| 92.9| B2.6/117.8(106.0] 94.2|135.6|120.2[106.9| 150.6] 135.5| 120,5| 169.1|162.2| 135.3
42,000 95.4]| 85.9| 76.3{108.9( 98.Q| 87.1(123.5]|111.2( 98.8] 139.4|125,5] 111.5| 156.5] 140.9|125.2
44,000 88.4| 79.68] 70.7|100.9| 90.8| 80.7|114.5{103.1| 91.6{ 2129,2|116.3| 103.4)|145.0|130.5/116,0
46,000 82.0| 73.8| 65.6] 93.7] 84.3| 75.0|106.3| 95.7| 85.0] 119.9]107.9| 95.9|134.7|121.2|107,.8
48,000 74.8] 67.3] 59.8] BbB.5| 77.0| 68.4| 97.0| 87.3| 77.6| 109.5| 98.6| 87.8|123.0|110,.7! 98,4
50,000 68.1{ 61.3] 54.5| T7.7{ 69.9] 62,3 88.2! 79.4] 70.8! 99.8] 89.8 79.7{111.9|100,7| B9.5
Pressure, lb/aq ft
Alrspeed
{mph)
Altd 525 650 575 600
tude
(re)
Qe 0.9q, | O.8q, 9 0.9q, O.Bq_c 9 0.9q, O.ch Qe 0.9q, 0.8q,
o] 729.5| 656.6 | 583.6 808.5] 727.7 | 646.8 893.8 | B04.4 | 716.0 983 .4 886.0 787.5
2,000 687.7{ 618.,9 | 550.2 762,91 €86.6 | 610,3 843,.5 | 769.2 | 674.8 928.8 835.9 743.0
4,000 648.2| 583.4 ] 518,6 719,01} 647.1 | 575.2 794.9 | 715.4 | 635.9 876.1 788.5 700.9
6,000 610.2| 549.2 | 488.2 677.6} 609.8 | 542,0 749.,0 | 674,1 | 599.2 825.5 743.0 660.4
8,000 674.0| 516.6 | 459.2 637.3] 573.6 | 509.8 704.5 | 634.1 | 563.6 776.5 698.9 621.2
10,000 540.0( 486.0 | 432,0 599.,0) 539.1 | 479.2 662,8 | 596,5 | 530.2 731.1 658.0 584.9
12,000 506.8| 456.1 | 405.4 562.,7 | 506.6 | 450.3 622,6 | 560.3 | 498.1 686.7 818.0 549.4
14,000 475.3| 427.8 ] 380,2 527.7 ) 474.9 | 422.2 583.8 | 525.4 | 467.0 643,.9 579.5 515.1
16,000 445,.7| 401.1 | 356.6 494.8| 445.5 ] 395.8 547.9 | 493.1 | 438.3 603.8 543.4 483.0
18,000 417.3| 3765.6 | 333.8 463,.6 ] 417.2 | 370.9 513.4 | 462.1 | 410.7 565.7 509.1 452.8
20,000 390.5] 351.5 | 312.4 433.8| 390.4 } 347.0 480.3 | 432.3 | 384.2 529 .4 476.5 423.5
22,000 365.2) 328.7 | 292.2 405.8| 365.2 | 324.6 448,.9 | 404.0 | 359.1 495.1 445.6 396.1
24,000 340.9] 306.8 | 272.7 379.1| 241.2 | 303.3 419.7 | 377.7 | 355.8 462,5 416.3 370.0
26,000 317.8{ 206.0 ) 254.2 353.0] 317.7 | 282.4 380.9 | 351.8 | 312.7 431.0 387.9 344.8
28,000 295.9| 266.3 ] 236.7 329.1| 296.2 | 263.3 564.3 | 327,.9 | 291.4 401.8 361.6 321.4
30,000 274.8| 247.3 ] 219.8 305.8| 275.2 | 244.6 338.6 | 304,7 { 270.9 373.4 336.1 298.7
32,000 255.5| 230.01{ 204.4 284,3| 255,9 | 227.4 314,.7 | 283.2 | 251.8 347,.1 312.4 277.7
34,000 237.0| 213.3 | 1896 263,8| 237.4 | 211.0 292.,0] 262.8 | 233.6 322.3 290.1 257.8
36,000 219.9] 197.9 ] 175.9 244,7| 220.2 | 195.8 270.8 | 243.7 | 216.6 298.9 269.0 239.1
38,000 203.7] 183.3 | 163.0 226.6 203.9 | 181.3 250.8 | 225.7 | 200.6 277.0 249.3 231.6
40,000 188.9{ 170.0| 151.1 210.2| 189.2 | 168.2 232.8 1 209.5 | 186.2 257.2 231.5 205.8
42,000 174.9| 157.4 | 159.9 194.6( 175.1 | 165.7 215.6 | 194.0 | 172.5 238.1 214.3 190.5
44,000 162.3] 146.1 ] 129.8 180.4 | 162.4 | 144.3 200.0 | 180,0 | 160.0 220.8 198.7 178.8
46,000 150.7| 135.6 | 120.6 167.6| 150.8 | 134.1 173.3 | 156.0 | 138.6 205.2 184 .7 164.2
48,000 137.5| 123.8] 110.0 153.0 137.7 | 122.4 168.3 | 142.56 | 128.6 187.6 168.8 180.0
50,000 125.1( 112,6 | 100.1 139.1| 125.2 | 111.3 144.0 | 129.6 | 115,.2 170.5 163.5 136.4
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TABLE VII

IENSITY, NACA STANDARD ATMOSPHERR
NATIONAL ADVISORY IrAOMATIN ’

COMMITTEE FOR AEROMAUTICS.
[Inpcar. pressurs = 1.00.3

Density, slugs/cu ft

"ON Y¥Y VDOVN

irapesd
(=ph}

o
(ee)

100 1% 200 225 | 280 278 300 328 350 378 400 425 450 75 800 58 550 N

o |o.008899 b,002428 |0.002461 |0,002484 |0.002609|0,002637 [0.002867 |0,002601 |0. 002637 [0.002677 {0,002780 |0,002766] 0. 002816 0.002069 [0,002925 (0.002084 0,00304T o.ooani 0,003188

TTIP1

2,000 | 002262 | ,002287| (002322 002343 | .O0®367| (002394 | 002423 | ,002455] 002490 | 002528 | .002869| .O0RE1L3| 002660 .002711| 002765 .002823] .00RBES [ LOORO4E| L0OSOLY
4,000 | .002131 | ,002188 | 002188 | 002209 | 002231| 002887 | (002285 002516 002849 ( 002365 | .002425| 002467 002513 .002081| .00261R| 00867 | 008725 | 002787 | .00283
6,000 | 4008008 | .002029 | (002061 | .002080 | .002102| ,002127 ) (002183 | ,002183| 002214 | .002249 | L002286 | ,002327| .002370| .00R417| .00R468  ,002519 | 00ROTE oouou 4002608
8,000 | 001886 | 001908 | (001938 | 001957 | .002977| .002001 | .002026 | .002054 | ,00208S | .002118 | 002154 | O02192| .002234| .002278] 002325 | .00R¥76 | .o0R4%8 | .0024as | 002845
10,000 | .001773 | 4001704 | .001823| .001841 | .001800| .001983 | .001907 | 001034 | 001962 | 001994 | 002020 | .00206E, 002105 002148 002198 ( ,008240 | 00R261 | 00346 | .002¢0e
12,000 | 001685 | 4001884 | L001712 | 001729 | JOOLTE7| .0O1769 | L001792 | LOC1G1E| .001845 )| ,001ET5 | 001808 | ,001344] -001981| .00R02) | ,0OBO84 | 008210 | 002180 | 0022111 .0O2§6S
14,000 | 001860 | ,002679| L001¢05| (001621 | .0O1639]| 001680 | 002682 | 002708 | .001732 | .001761 | .00L79Z | 001826 ,001062| .001901 | .OO1941 | .o01984 | 002032 «o0sce1 +002130
16,000 | +001482 | ,001480| 4001808 | ,001830 | 001837 ,001887 | 001578 | 4001601 | 001626 | 001653 | 001683 .001TIS| .001749] ,00Lv86 | 001828 | 001867 | 002011 | 001088 | .o0mQOY
18,000 | 001369 | 001388 | .001430] 001424 | .001440{ 001459 [ ,001479 | 001801 .001825 | L001551 | ,001E79 | .00161G} ,002642] 001677 | 001714 | 001784 | 001796 | L001843 | 001008
001383 | ,0013481 .001368 | ,001364 | ,001405 | +001428 | 001453 | 001480 | .001609 | ,002540| 4001673 | 4001608 | (001846 | L00168s | Lo01TR9 | LOOUTTS

20,000 [ 001280 | .001296; 001319
.00137¢ | .001294 | .001314| .001338 | ,001359 | .001375] .001413| .001442{ .001474 | .001507 | 001543 | .001881 .W1Qﬁ' 001884

22,000 | .001195 | ,001210| .001232| ,001245( 001260
24,000 | .001115 | ,001120| .001180| ,001162{ .001176| .OOL19R } .001209 4001228 | .001848 | 001271 | ,001295 | COR321{ .001340| 001379 | 001411 | ,001445 | 002481 { .001880 2001559
26,000 | 001039 | ,001083| ,001072{ .001084 | ,001097{ .00111% [ .001128 ,001148| .001165 | ,001187 | .001210| ,CO1238] .001261| ,001289 | JOO1310 | ,001382 | 001367 «001425 | 001481
26,000 | .0000EY | ,000980! ,000999] .001010) .001022| .001038 | .001052 | 001069 +001087 | ,001107 | .00112¢| .001153| .001178 .00120_5 +001333 | ,001868 | .001897 | .001331 | 001367
000939 | .000981| .000964 | ,000979] ,000995| 001013 | .001032 | 001052 2001078 | -001Q98 | ,001124 | L001382 | L0011B0 +001812 | 400144 | ,001278
52,000 | 000835 | +O00B48] 4000883 | 000873 | 4000884 000897 000911 | ,000926] .00094% | ,000960 | ,000980 | 001001 | 001023 ,001047 | 001074 } ,00110) | ,001130 4001161 | 001183
34,000 | .000T74 | L000785| 000800 | 000810 ( .000830} .000832 000845 | ,000660 | .0008TS | .000B98 | L000911 | 000232 .000952 | 000978 | ,000099 | 001028 | .00108S | L001088 «001113
36,000 | 000713 | .000723| .000737| ,000746 | .000758| 00076 2000779 | 000792 | .000807 | 000823 | ,000840 | 000654 | .000878 | .000900 | 000828 | 000947 | .0000TR +001Q00 | .001088
38,000 | 000848 | ,000887] .00087T0| 000678 | .00088T| .000697 | .000706 .000TR0 | 000738 | L000T48 | .000TES | 0007 000798 { 000616 [ ,000430 +000880-( 4000884 | 000909 | ,000935

30,000 | 000899 | 4000911) .000929

40,000 | 000889 | .000897| .000809] ,000616 | .000624| 000833 | .000643 | 000654 | 000886 | 000680 | 000694 | LOOTTE
42,000 | 000838 | .oooss3| .coosss| .000s60 .000567| (co0sss | .000ses | .000695 | 000E0S | .000E1S | 000831 | .0006® 1.000889 | 000876 | 000893 | \00M12 | L000%30 | L000v8: | J000TTR
44,000 | J000ass | (000493 000803 | 000809 | .000820| 000823 | .000832 | 000541 | 000551 | 4000542 | ,00ORTS | 00O

46,000 | 000442 | .000448| .000437( 000483 | .000488| 000478 | .000483 | 1000492 | 000500 | 00010 | .000521 | 1000 ,000348 | .000558] L0008TE | 000888 | .00080a | 000820 | .000Rse
48,000 | 000408 | .000407] ,000M1S| 000420 | .000428| (000432 | 000439 | 000447 | 000453 | 000464 | 000473 | .000ER 1,000495 | .000807| .000B20 | .0008S4 | 000848 | .000ses | .ocomso
000382 | .000387| 000393 | L000509 | 000406 | 000413 | .000422 | .000430] .000ME }.000430 | .00048L[ 000473 | L000485 | .000498 | .c00812 | Lc0CRRY

50,000 | .000365 | ,000370] (000378

a3



NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

TABLE VII - Continued

STAGNATION TENSITY, NACA STANDARD ATMOSFHEEE - Continued

Enplct pressure = 0.9q<_,-]

Density, slugs/cu £t
100 150 200 225 250 275 300 325 350 375 Loo has 50 475 500 525 550 575 600

0 }0,002396(0,0021,18 fo.002449 |0.002L469 |0.002490 [0.00251L |0.002541 [0.002570 |0.002601 J0.002636 |0.00267% |0.002713 {0.002755 {0.002802 {0.002851 {0.002902 J0,002957 |0.003017}0.003079
2,000 | .002259| .002280] .002310) .002328| .002349'| .002372] .002397 | .002i:25| .002455| .002488) .002524| .002562] .002603| .0026L47[ .00269L| .00274k] .002797| .002854) .o00291l
h,000 | .002128| ,002148| .002177] .002195| .002214| .002237] .c02261| .002287) .o02316| .002348| .002381| .o002418) .002458) .o02500] ,0025L)| .002593 | .002643| .002697| .00275L
6,000 § .002003| .00202%| .002050{ .002067] .002086 ] ,002107} .002130| .002155| .002183| .002213 [ .c02245| .002261| .002318| .002358| .002401| .002447| 002495 | .002548{ .002602
8,000 | .001883| .001902| .001928) .0019hL]| .001962| .001982{ .002004 | .002028]| .002055} .00208l | .002115} .002148] .002184| .c02223| .002263( .002307) .002353( .002403| .002455
10,000 | .001771| .001768| ,001813] .001829] .001845| .001865] .001886 | .001907] .00193kL | .001962| .001991| .002025| .002057| .o02094| .00213%| .002175( .002219| .002267| .002316
12,000 | .001662] .001679{ .001703| .001717{ .001733} .0017%2| .001772| .00179k| .001818] .c0184) | .001872| .001903] .001936{ .001971| .002008| ,002048| .002090| .002136| .002183
14,000 | .001558} .00157L| .001596{ .001610| .001626| .0016}43} .001662 | .00168Y | .001706] .001731| .001758| .001787| .001819| .001852| .001888| .001925 | .001966| .002010| .00205%
16,000 | .001,60} .001475| .001497) .001510| .002525{ .co15h1] .001559 | .002579 | .001601| .001625| .001651| .002679] .001708] .cO027h0| .00177L| .001809| .001849| .001890] .001933
18,000 | .001367| .001371{ .001402| .oo1ily| .001428) .oo1hlh] .002461 | 001481 001501 .00152% | .001548] .001575]| .001603| .00163L| .001666{ .001700( .001737| .001776{ .001817
20,000 | .001278{ .001292}1 .001311{ .001323} .0013%6| .001351] .001368] .001386] .001406} .001427| .oo14s51] .o01476| .001502] .001532) .001562| .001595| .001630] .001667] .001706
22,000 | .001193| .001206| .001225} .001236] .001249 | .001263] .001279 | .001296 | ,00131L] .001335| .001357| .001381] .oo1407| .oouh3h| .00:y63| .001495| .001528] .001563] .001600
24,000 | .001113f .001126| .001143( .00115L4| .001166( .001179{ 00119 | .001211( .001228{ .001248( .001269 | .001291( .001316f .001342] .001369( .001399( .coay31( .00l 0011499
26,000 § .001037{ .0010k9} .001066| .002076| .001087 | .001100{ .0O1114| .001130{ .001146| .001165] .001185| .001206] .001229) .oo12s54| .001280| .001309| .001339] .001370] .001L403
28,000 | .000966] .000977] .000993] .002002] .001013| .001025] .001039 | .001053 | .001069 | .001087{ .001106| .001126 | .001148| .001171| .001196( .001223| .001251| .001282| .c01313
30,000 ..000898 .000908{ .000923} .000932] .0oo9h2] .o0095L| .000967 | .000980] .000995| .001012) .002030] .001049] .001070| .001092! .o01116| .o0n1l42| .0011268{ .00l197| .o01227
32,000 } 000833 .000843} .000858) .000866] .000876 | .000887] .000899 | .000922] 000926} .0009k2! .000959 | .000977] .000997{ .002017| .001040| .c0106l| .002089) .002118] 002145
34,000 | .000773} .000782| .000795| .000803{ .000812 | .000823] .00083) | .000846 | .000860] .000875| (000891 | .000908| .000927| .0009L6]| .000968] .000991] .001015] .o020ko| .0O01067
36,000 | .000711| .000720} .000732| .0007ho| .000748 | .c00758) .000768 | L000780| .000793 | .000807 | .000821| .000838| .000855| 000874 .00089k| .000915| .000937]| .000961] .000986
38,000 | 000646} .00065L | .000666| .000672| .000680] .000689) .000698 | .000709{ .000720] .000733 1 .000747| .000761] .0007T7| .o0079L| .000822| .000831{ .000851| .000873] .000896
ko,000 | .000588] .000595] .000605] .000621) .000618 .000626] .000635 | L0006k | 000655 ] 000666 | 000679 | .000692) .000706) .000722] .000738] .000756] .00077l} .00079L) .o00BAL
42,000 | .000534] .0005h1| .000550] 000556 | .000562 | 000569 | 000577 | 000586 | (000595 .c00606 | .000617| .000629 .0008h2] .000656| .000671] .000687| .000703] .000721} .ovO74O
Lk,000 | .000485] .000491 | .000500| .000505§ .000511 | ,000517 | 000525 | 000532 { 00051 | 000550 .000561 | .000572{ .000583} .000596] .000610} .000625| .0006h0] .000656) .000673
46,000 | .oookla} .ooohh6 | .ooohsk| .000ks59) .oo0L6l | .o0ook70| .000L77 | Lo000LEY | .000h91 | .000500 | .000510 .000519 | .000530| .o000542] .00055L| .000568| .000581] .000596] .000612
148,000 | .000i01] .000406 | .000k13) .000h17| .000h22] .ccol27 | .000k33 | .000LLo .000LL7 | .000l55 | .000463 | .0ooh72] .oc0k82] .oo00hk92] .ooosoll .000516} .000528) .000shi| .000556
50,000 | .000364| 000369 | .000575] .000379) .000383 | .000388 .00039L | .000k0O | .000k06 | 000413 | .000k21 ]| .00ah29 | .ooo438| .ooo4k7| .oookss| .cookss| .ooohso .ooohgzi .00050%5

€2
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TABLE VII ~ Colcluded o)
g
NATIONAL ADVISORY STASEATIDN [ENSITY, NACA STANDARD ATNOSPHUENS - Conoluded

COMMITTEE FOR AERONAUTICS. >
: o
[I-yut pressure = °’°°¢J -
Dsoaity, sl eu £t b4

(o]

180 200 228 250 27 500 325 3s0 5718 400 s 480 <75 800 838 560 &8 €00 .
. -
4002412 04002438 0,00248510.0024780,002493 D,0C251S £,002540 10002086 [0.00%695 {0.002827 [3.002662 P 003898 [0.002734/ 0,0087YS (0. 00RXA1 0.00NB4S 0008910 j0.008 L
-
+002274 | J00R300| .002318] .00R332| 002532 |.00e37S {.002398 | L002422 -
-

oonéve | .ooesxe | .oosses | .oonscs] .ooR
00338 | 00837y | 002418 | .cOR408| (002
0onn08 | .00%240 | 002879 | Jo0RSes] .

4,000 § 5002188} ,002148 } ,008167 | ,002182] ,002198| ,00#217%7 1,002237 | .002260 | ,002284 | ,002311] ,00233% | 002571 | ,00R408 | 002440,

6,000 | ,002001 | ,002016 | .OOR041 | .002088| OORO70| .002088 {,002108 |.002129 | ,002182 | .002178} .002205 | .002235 | ,002267 | 002301

8,000 | .o0)88R| ,001897 | ,O0L919 | ,Q02932| ,001947] .001964 }{,001983 |.00200% | .002026 | .00R0SQ| ,00207€ | .002108 | ,008138 | .002268] O
10,000 { +001769] 001784 [ ,001808 | 001817 ,0018321 001848 |,001866 {.001885 | ,001906 { +00102R | 001084 { .C0198R | ,008013 | .00R0SB} ,0OROTS| .008111 | (002248 | .00RIEE{ .
12,000 | .00166C | 4001874 | +OOLE94 | 001707 | 001720 001738 |,001752 {.001771 | .001791 | 001613 | Q01ETY | .001083 | 001891 | 00198L| 001988 .-OOI.M 002028 | .00808R| .0021OR|
14,000 ] 001886 | 001889 | ,001868 | 001600 | .001618) 001828 |.001844 |.001662 | .001661 | <001702 | .00172& | ,00175Q | 001778 .mh +001838 | .00188Y | .001908 | ,001088] .00L
16,000 | 001488 | (001471 { 4001480 { (001800 | 4001813( +0028R% (.00LB42 {.00136¢ | LOOLBTT | JOQLBUE | LOO2ELE | JO0LE43 | .00L888( JCOLE0S| ,O0T7H4 | (002788 [ (001768 | LOOLEBR| 400
18,000 | (001388 | .001377 | L00139% | 4001405 | 4001417 .00143Q |.001445 |.001461 | ,001478 | 002498 | .00LBIR | ,00LB4) | JOUZGES| .00LOL| .001618 | .001E47 | .00167H| JOUATIR| 400174

«00245Q | .00248Q | LOORS1Z | .CORSAY | LO0REBA| ,00RES4 | .O0RGEY | 000718 | L00R780] .

20,000 } 001277 } ,001288 } ,001304 | 001314 } ,0013235] ,001338 {.001352 |,001367 | .001384 | .00140R | ,001422 | 000443 | ,001488) .00149) -.001-“! .+001843 { 001878 ) 002607 | ,00)

22,000 | ,001292 | .001R0S |.001818 | 001288 | 001238 .002281 [.001264 |.001278 | .001204 | (001311 | .001320 | .00125Q | ,001378] .001396| ,001420) .001447| .001478} .001508{ .00
«001384] .00138% | .001410) .00X
«0012668| .001R0& | ,001318( .00134'
.Nll:BS <00180%| .001R38] .001%

24,000 | .001112 | ,001122 | .001137 | .001246 | .001156] .00216Y. J.001180 }.001104 | .001209 | 001228 | .001R43 | .O01R6
26,000 [ 001086 { 001046 | ,001060 { ,001066 { 001078 001089 {,00110a |,001114 | 001128 ( .00114S | .00116Q | OOILTR
28,000 | 000988 | .000974 | .0009e7 | .000998 | L002004)| .001018 |.00102¢ |.001038 | .00105X | 001086 | .001063 | 001100
30,000 | 000897 | 4000905 [ .000918 | 000825 | ,000934] .000B44 |.000954 [,000966 | .0009TY | ,0009935 | 002004 | 002084 .001108] .00118e] ,001180] .0O1Y!
2,000 | .000832 | 000841 | ,000853 | L000880 | L00088B] .000ETE |.00085% |.0008M | +0000IR § L000BR4 | (000938 | .0009B4
34,000 | 000772 { ,000779 [ ,000791 [ 000797 { .000808| ,000814 [,000823 (,000834 | .000845 | 00085 | L000STL. | .00006R
36,000 | 4000710 [ 00078 | L000728 | .000734 | .000742] .000TSQ |.000788 |.0CO768 | .000TTR | 000791 | .000803 | 4000817
38,000 | 4000845 | +000888 | LO00GSR | L000687 |, .000674( ,00088) |,000688 | .000898 | ,000708 [ ,000718 | 000730
40,000 | 4000867 | 4000593 | 000801 | L000607 | ,000813| 000619 |.000626 | (000835 | .000843 | 00085 | 000684 | .0006TH

s neusnr 000363 .00056R 000877 | 000888 | L000ER4 ' 000803 | .000LE

|
|
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NATIONAL ADVISCRY

COMMITTEE FOR AERONAUTICS

TARIE VII =~ Colcluied

STASEATION IRNSITY, NACA STANDARD ATMUSPEEMS - Conoluded

[Ilput pressure m O.SQ.J

Density, slugs/oun £t

100 150 200 228 280 278 300 326 3%0 18 400 as %0 478 800 825 850 878 600

«0023373 [0.002412 ,002438 [0,002455]0,002472(0,002493 £,002515 P,0C02540 [0,002588 [0.002595 {0.002827 1,002681  [.CO2696 [0.002TIA]0.00R7TS [0,00R621 0,008668 0.008019 0,008
2,000 | 2002286 ,002274 | 008300 | ,002315] .002332] 002332 |.008373 | 002396 | (002422 | (002450 .00248Q | .00R81% | .CORP4Y | L002B8¢] 008884 ] 009607 | 008718 | ,008780] .00
4,000 | +002126 | ,002143 | L002167 | ,002182] ,002198| 00¥217 [.002237 |.002260 ( 4002284 | ,002311| 002330 | (002371 | .O0R404 | J002440} OOR4TE | .002510 | 002882 | ,002608] .00R60T]
6,000 | 002001 | .002018 | ,000041 | ,002058| ,00R070| 002088 |4002108 | 4002128 | 002182 | 002176 | 002205 | L002238 | 002267 | ,002301] 008338 | ,00RSTY | ,002418 { 002488 002
8,000 | 001688 | ,001897 | 001919 | (001932] .001947] 001084 |.001963 |.002008 | .002026 | ,00205Q| ,00207& | .002208 | ,002138 | 002168} .OORROB| .002240 | ,002879 | .0O2SR2| .0ORS
10,000 | 4001762 | .001784 | (001805 | 4001817 | .001832{ 001848 |.00186& |.001885 | 4001004 | 4001922 002958 | 00106 | ,002011 | .00R048| .0OROTS | 008112 | 002149 | .0OR2BE| .OOR232
12,000 { +00166C | 4001674 [ 001694 | ,001707 | .00L720] 001738 [.001752 | +001771 | ,001761 [ ,001618] .001BSY, [ 001868 [ ,001691 [ .001881| 001988 | .00198Y | ,002028 | .008088| .00L208
14,000 { .001856 | (001589 | ,001888 [ 4001600 | (00161S| 001828 |,001844 {.001682 | 001681 | ,00170R | 003728 | L00178Q | .0017TE | 001808} .001838)] .00286Y{ .00190% | .0010E®} .00197T,
16,000 | 4001458 | 001471 | 4001489 | +001600 | 4001513 +0025R%7 }.001542 | 4001589 | .001877 | ,00159% | (003819 | «OOLE43 | .001668 | 001698] .002784] ,001758 | ,001768 | OC1ORE} 40O
18,000 | 001368 { .001377 | L001305 | 4002405 | .001427| 001430 |,001445 |.002461 | .002478 | ,002498 | .001828 | ,001841 | +O0LEE5| .COLBNL| .001618] .001847 | ,001679 | L00ATAZ| 001747
20,000 | 4001277 | +001268 | 4001304 | +001314 | ,001325| .001338 [,001352 |.001367 | 001384 | 001402 | +00242R | (002443 | ,001486] 001493 .0COLE17] 001548 | .002878 | 001607 | .001640]
22,000 [ ,001192 | ,001203 | ,001218 | 4001228 | ,001258 | (001261 [,001264 |.001278 | .001204 | ,001511 | 40018230 | .00138Q | .001378] .001396| .001420]| 001447 | ,001478 | .002508( .001BSE)
24,000 | 4001112 | 4001122 | ,002137 | 4001148 | ,001188| 002167 [.00118Q |+001104 | .001209 | ,001225 | .001R4% | c002262 | ,001383) .001306) .001329| 001384 | .001361:| 003410 ..oou:vl
26,000 | +001036 | 001046 | 4002080 | «002088 | 4002078 | 001089 [,001100 {,001114 | 001128 | ,00L14S | +00116Q | .00127Q@ | .00Y108| ,001810| .001248| .001268 | .001208| .001318{ .001347
28,000 | «000965 | 4000974 | .000907 | .000995 | ;002004 .002015 |.002026 [.001036 | ,001051 | 001086 | 4001068 | ,001200 | .001118} ,001136] ,001160] ,001183 | .00180%| 001233} .001REO
30,000 { 4000897 { 4000905 { .000918 { 000926 | .000934{ 000044 |000954 | 4000988 | 000078 | 00099 { 4002008 | 001088 | .001048f .001061] 4001081 001203 .002138( .001180] .00127
38,000 § 4000832 | 4000841 | 4000853 | (000860 | 4000888 | 00087 |,000887 |.000886 | «00001Q | 4000924 | 4000938 | 1000964 | ,000870| .« 4001008 ,001028] ,001050] .0010%2] .00LO
34,000 | .000772 | 4000779 | 4000701 | L000797 | 000808 | 4000814 |.000623 |,000834 | ,000845 | (000858 | 000871, | .00066& | .0009CR| 000919 00O .O0OPET| .0C09TT| .000998] .OOL
8,000 } 4000720 | 4000718 | L000728 | .000734 | .000742] .00075a [.000788 |.000768 | .0007TR | .000791 | 000803 | 4000017 [ .000B3R] . ~000868] 1000083 ] 00000871 ,000082] .
38,000 | 4000845 | «000882 | L00086R | 000887 | 000874 ,000881 |,000888 | .000808 { 4000708 | .000719 | 000730 [ (000742 | <000758] 000770} ,000784{ 000808 | .000880] <0006B8] .0008
140,000 § 000887 | 4000593 | 4000601 | 000807 | ,000823| 000820 |.00062¢ |.000635 | «000843 | L00085% | 4000684 | (0008TE | -000687| .000T00} (000TI4{ .O0OTRY| ,00Q74B] .00OTEE ooo'ratﬂ
42,000 | 4000833 | 4000830 | 4000847 | .000851 | 000567 | 000583 [,000562 [.0008T? | L0008BS | (000594 | +U006CH [ ,0OCSLA | ,000624( o «000849| ,00068871 ,00067T| ,000892| ,000TO
44,000 | .000485 | 4000450 | 4000497 | .000%01 { .000808 | 000812 {.000518 |.0008284 | 4000531 | (000540 | 1000848 | 4000888 | .000588] .OCOBTOE .000590] .000803 0008161 .000830] .000844
46,000 | 4000440 | 4000445 | 4000451 | 000455 | 000460 000468 |.000470 | 4000476 | 4000483 [ L000490 | 000496 | 000807 | .000516} 000825 000838 .000648 | 000839} .000573] .000RSS
48,000 | 4000400 | 000404 | ,000410 | 1000426 | L00028| 000423 |.00043 | L000438 | L000439 | 000448 | ,000453 | 1000460 | O00469Y 000478l 000487 .DDO496 | 000606 .000880] .00CESE
60,000 | 000384 | .000388 | .00087s | L000376 | .000380| (000384 [.000388 | 4000393 | 4000399 | L000405 | $000412 | JOO0KIR | (0O04R6L L00C434| 000443 .00045Z | LOOO4ER| ,0004TS] L00CN4
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NATIONAL ADVISORY
COHHITI[E FOR AERONAUTICS.

STAQNATION DENSITY - ARMY BUMMER ATMOSPHERE

TAELR VIII

quce preasure = 1.0q;_]

Density, slugs/ou £t -
&
At 190 160 200 £28 280 a7s8 300 35 350 376 400 438 450 478 800 528 850 878 600

{5

0 (04002222 P.002244 J0,C02276]0,002205 [0,002316]0,002340 [.002386 [0,002396]0,002428 p.002480 r.OOZ&D'I 0,002536  [0.002578 [0.002624 {0,002872]0,002723 J0,002778 0,002834 [0,002894
2,000 § 002003 | 002114 [ ,002144( 002162 | 4002183 002208 | «002231 | ,002288| 4002208 | 4002321 | 4002386 | .002303 | .002433| 002477 | +002622] ,002871 | +002622 | 002878 4002736
4,000 | 2001970 | 4001990 | 4002019] 002038 | +002088] .002077 { 4002101 | 4002128] 0023166 |.002187 | 00220 | .002836 | .002294] .0023336] ,002380| ,002426 | 4002478 | ,002528 | 002583
6,000 | .001883 { 4001873 | +001809] 001916 | +002934] .001958 | 4001978 .002003ﬂ «002030 | .002080 | 4002092 | .002128 | 002168 .002202| .002R44{ ,002288 | .002338 | ,002305 | .002438
8,000 | ,001740 | 4002789 | 4001785| 4002800 | +001828| +001B38 | 4001659 { ,001883 ,001909 {,001937 | 4001968 | +002000 | (002038 ,002073] .002113| ,002185| .002200 «002247 | .002208
10,000 | 4001634 | 4001683 | 4001676 001691 | +O0L708] 00787 | 4001748 | 4001771] 001798 | ,001882 | ,001881 | +001868 | .001918] .001061} 001989 .002020 | .002072 | L002118 | .002168
12,000 | »001532 | 4001549 | +001573] ,001887 | +001603| 001631 | +001640 | ,001682} .001688 |.001711 | ,001738 | 4001768 | .o001B0O| .001834] .001870| .00MpOB | 001940 . 001992 | ,002039
14,000 | «002435 | 4001451 | ,00147S| (001467 | 001802 001520 | ,001838 ‘0015'58 «001880 | +0016D4 | +0D1630] 4002659 | ,001889] .001V2L| .001788] .001792 | .001B31 ,001p72 | ,001916
18,000 | 4001343 | 4001358 | 4001379| 4001592 | ,001406] 001423 | 4001440 | ,001480| .001481 | .0016P4 | 4002520 | 4001688 | 001684 | .0016108) .c01848| .001832{ 001710 .001789 | ,001800
18,000 | 4001286 { +001270 | ,001200| +001303 | +0013I6] 001332 | «00LI48 | L001387| 4001387 | +001409 | 4001432 | 001458 «001488] .001614]..001848| 001878 | 4001613 | .001651 | 002600
20,000 | 4001173 | +001187 { 001208 001217 | «001230] +001248 ] 4001261 | 4001278] 4001287 | 4001318 | 4001341 } 4002385 | .001361] .001418] 001447 ,002476 | .003512 | 001648 | 001888
28,000 | ,001094 | ,001107 | ,001135] .001136 | (001248} ,001168 | (O01LT7 | (001294] 001818 §,001321 | 4001233 | +00LR7S& | ,001300] .001326] .001854] 001384 | ,0014126 | .001440 | .00OL4B¢
24,000 | 4001019 } 4001031 } 4001048 +002089 | +001071] ,001084 | 4001008 | ,001124] ,001131 | .001149 | 4001170 { 4001291 «001214| .001230} ,001268| .001894] .001324 | 002388 | 001389
26,000 | 4000949 | 4000960 | 4000976 | 000986 | 4000997| 4001009 | 4001023 | ,001088] ,001054 ] .001071 | ,001090 | 4001111 +001233] .001187] .0012681) .001209] 001237 | .001287 | .001208
28,000 | 4000682 [ 400089 { 4000908 (000017 | +000920| 000059 | 000962 | J000966] (000981 [+000968 | +001016 | (001034 +001086 | +001078] +001102f .O01127{ .001154 | 001188 | 001213
30,000 | »000819 { 000829 | 000843 4000852 { ,000862] 000073 | 4000086 | 4000008] .000912 |.000928 | +000945 | 4000064 +Q009683| +001004] +002028] ,001050 | 002076 | 4001102 } 001130
82,000 | 4000759 | +ON0760 [ (000782 000790 | 000800 4000810 | 000621 | 4000834} .000847 | 000882 | .000878 | +000698 +000814} .000834| 000985| 000978 001002 { .001027 | .001054
34,000 | 000703 | <0007 | ,0007236| 000732 | 4000741] 000701 | +000TEL | 4000773 (000786 |.000800 ! (000618 | 4000831 «000849| .000867} .000887] .CO0P09| 000831 { O0DBS5 | 000880
36,000 | 4000880 | «0008B8 | QO0E70) 000878 | 4000686] +000608 | 000703 § 4000716] 000728 | «000741 | 4000758 | +000TTL +00Q787] .000808] .CO0B24] .000844{ 000865 .000888| 000012
38,000 | 0000601 | +Q00809 | 4000820 (0008R7 | (00UE34| 000843 | 4000633 | 4000883] 000674 | 000837 { 4000700 | 4000728 «000730| .000747{ .000764} .c00783 .OOOBbS +000824 | ,000847
40,000 | +0005868 | 1000563 | (000574} 4000580 | 000887} 000386 | 000605 | 4000614} ,000638 | .000837 | ,0006849 | 000063 +000878] .000883| .000710| 000728 | .000747 | 000766 | ,000788
42,000 | 4000514 | 000831 | 4O00531] 000587 | +000544] 000352 | .000880 | ,000380| 000879 | 000880 | +000E0R | 4000016 2000629) ,000843| 000850 .600575 000804 | 000712 | 00Q7TS2
44,000 | .000476 | .000482 | L00045@| .000497 | 400UBOR] 000811 | 000819 | 4000533} 4000587 [.00048 | 4000550 | 1000871 | ,qo0sa4| Lcoo69s| .o00s12] 000620 | 000845 | .o00ses] .coassy
46,000 | <00C 140 | +00D448 | 4000455 000481 | «000467| +000474 | +000481 | 4000489] 000458 | 4000508 | 4000519 | 4000530 «000342| .000553| .00as70( .000385 | 000800 +000817 | 000834
46,000 | 4000402 | 400Q407 | 4000415 000420 | 4000428 .m +000439 | 000447 000458 §.000484 | ,000473 | 000484 1 ,000495| .000507] .000820 +000834 | .000548 | 000883 | .000880
80,000 | 4000385 | «000¥70 | 000378 4000382 | ,000887| 000393 | 000399 | +000406] 000413 | .00042). | +000LBO | 4000440 «000450| 000461} 000473 | 000405 | 000498 «000612 | .000627
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

TABLE YIII - Centinued

STAGKATION TENSITY - ARNY SRR ATWOSFERKEE ~ Coatlnusd

[mput preasure = 0.9q€|

Density, slugs/cu ft

100 150 200 225 250 275 300 325 350 375 Loo L2s Lso 475 500 525 550 575 600

0" 10.002219 J0.002238 jo.002265 Jo.002261 .002590 002321 P.0022L3 [0.002368]0.002395 Jo.002),2), Jo.00256]0.002)90] 0.002527 [0. 002566 Jo.002608 |p. 002652 10.002699 |0.0027L,9 J0.002602
2,000 | .002050} .002208] .002134| .002150} .002167 | .002167 | .002209] .002233 .002258] .002287) .002317| .o02349] .0o238l} .c02422} .oc2L62 '.oozsoh 0025491 1002597 | 002647
4,000 | .001967| .00198;1 .002009] ,00202L | .002041 | 002060 § .002080{ .002103] .002128f .002154 ] .002183 .00221l .0022,,8] .oo0228L | .002322] .o02362 ] .002l05 .MSI 002499
6,000 | 002850 .001867] .001890{ .002505] .001921 | 001939 | .001958] .001980| .002005] .002029 | .002056] .002086 .002118| .002152| 002188 .002227 | .0022681 .002512} .002358
8,000 | .001738} 001754 | .001776) .001790] .001805 ] .001822 | .001841 | .001861| .00188L{ .001908| .001934]| .001962] .001992 .002026{ .002060] .002097 .oozi56 002177} 002221
10,000 | 001632} .002647 | .002668) .001681) .002696| .002722 | .001730( .001749| .001771{ .00279L| .001825] .002846] -001875] .001996| .001939 .00197L .002011 4002051 | .002093
12,000 | .001530| .00154L | 001565 .001577] .001592} .001606 ) .001623) .001642| .002662| .00168L | .001708] .c0173L4] .001761] .002791 .001822f .001855| .001891] .001929 .001969
14,000 § 00233 | 001446 | 002466 ] L002k77] .001490| 001505 § 001521 .001539] .001558] .001579| .002602| .001626} .001652} .001680) .001710| .001742 | .001776| 0018121 .002850
16,000 | .0013k1 | .00135L | .001372] .002383) .001396| .002k10 .o0lzs | .oouyu2| .oowéo0] .cornso| .oo1501] .o01525} .001550] .001577] .001605] .001635 | 001667 (001702 001737
18,000 | 001254} .002266 | .00228,,] .00229L} .001306| .001319] .001334] .001350] .001367) .001386] .001406| .coy29| .00M452| .001478| .001505) 001533 | 001564 | (001597 | 002652
20,000 | .001172] .002183} .001199) .001209] .c01221| .001233} .002247] .001262] .001278) .001297| .002316] .001337| .001359 00138, | .001409 | .oo36} .ooakss | .o0ay96 .o01529
22,000 | .001092{ .001103{ .001119 | .001128)] .001139.] 002151} .00116,] .001178] .00119k} .001211| .001229) .001249| .001270} .001293] .001317 00134l | .001371] .001400| .002431
21;?000 .001018] .002028] .oor043| .001052) .001062| .001073] .002086] .001099] 001114 .002130) .003148| .001166] .001186) .001208 .001231 ] .001256] .002282] .002310] .001339
26,000 | .0009L7 .000957 | .000971{ 000979} 000989 | .000999 | 001011 .00202L| .002038| .001055] 001070 .002088{ .001107| .c01227| .0011k9| .001272| .001197 .001223| .001251
28,000 | .000881 | .000890| .000903| .000911 | .000920] .000930 .0009k1) .000953{ .c00966] 000981} .000996] .co1013] 001051} .001051) .c01071[ 001093 001127 001142} .001168
30,000 | .000817| .000826| .000838| 0008461 00085l .0008&L | .00087L| .000836( .000898] 000912} ,000927{ .000SL3f 000959 ,000978] .0009971 .001018 | 001040} .002064] .002088
32,000 | .000758] .000766] .000778] .000785) 000793} .000802] ,000812] .000822| .00083L| .000847| .000861} .000876] .000892] .000909| .000327 ".000947 | .000968] .000990] 001013
31,000 | ,000702| ,000709| .000720| .000727] .000735| .0007k3} 000752 .000762| .000773| .000785] .000799| .000B13| -000828] .0008LL) .000B61} .000880| .000900] .000921) .0009L3
36,000 | 000649 | .000656] .0006671 .000673| 000680 .000688 | .000696| .000T06{ .000716| .000728] .0007k0] .00O7SL| .000768| .000783| .000799 | .000817 | .000836] 000855 .000876
38,000 | .o00600| 000607 | .000616{ .000622) .000629] .000636 | 00065 | 00065k .0006¢3| .000674 | .000686] .000698] .000712] .000726] .0007k1] .000758| .0007T5] .000T9L| .000813
140,000 | .000555 | (000561 .000570] .000576| .c00s82] .000589 | .000597 | .000605] .000625| .000625| .000636| .0006h8| -000660] .0006TL| .000688] .00070k | .000720] .000738| .000756
142,000 | .000513] .000519 | .000528] 000533} .000539] 0005k | 000553 | .000561] .000569] .000579| .000589] .000600) -000612] .000625| .000639] .00065L | 000669 000605 .000703
Iiy,000 | .o00l75] 0001 | .000h89 | .oooksl] .co0k99] .000505 | .000512] .000520] .000528] .000537( .000547) .000557| -000568( .000581} .000593} .000607 | .000622| .000637} .000653
16,000 | .oook39] .oookhs]| .oool53| .coo57] .coohs2] .ooos8{ .00ok8s5] .ooo75| .co0ougo| .coohg8| .000507f .000517] 000528 .000539| .000551] .000565 | .000578] .000579 | 000608
18,000 | .000y01| .000k0S | .000k13) .000k27] L0002} 00027} .000u33| .o00klO0] .ooal7] .o00LSS| .o00kS3] .conk72j -00OLB2) .000492) .00050L) 000516 ) .000528) .000528] 000556
50,000 | .00036&:| .000369 | .000375| .000379| .000385| .000388 | 00039k | .cooo0] .cookos} .oonlas| .coohz1| .cooh2g] -000U3B| .c00LL7] .cook5B) .000KE9 § .000kH0 | .000kB0| 000505
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

TABLE VIII - Cemsluded

STAGNATION [ENSITY = ARNY SUMMER ATMOSPHERE - Conoluded

E-mt pressurs 0.31.]

Density, slugs/en £t

Atrspeed| N
o (=ph) 100 180 200 225 280 278 300 328 sso 376 400 @8 450 478 800 &28 850 878 00
tude

{re)

0 | 0,002217 |0.002253) 0002286 [0.002269) 0,002285 |0,00230R |0.002321 0,002342 {0,002368] 0,002390 |0,002417 |0.002445 0,00Z476 10.002510 0,002548 10.002583 (0, 002682 |0,00866€8 10.002410
2,000 | .002088] .002103| .002128| .002139( .002183| .002170[ .002188| ,002208| 002230 ,002254( 0OP279{ .002307 | <00R336| 0023681 .002402 | .002438 | .002476| .00ESYY | .OOREED
4,000 | .001966| 0019680 .002001] .002013} .002027| .002043| .002060( .002080 .oozlod ,002133| 2002147| .002174 { -002208| .002233| ,002288| .002209| ,002338| .o0R¥YS | .002418
6,000 | .001849| ,001862( .001882( .001694[ .00190T| .CO19#B! .001939| ,001957| 001977 .001999| 002032 +002047 | .002074 | .002103] 002134 | .002167( 002208 .00e239 | .O0G278
8,000 | ,001738| 001749 .00176a| .001780} .0O179%| .co1807! .cO1832| .0Ol840) .0O1SSW ,001879| (001902 001925 | 001941} .001979{ .002008 | 002039 .002O7S( .000108 | 002146
10,000 | .001630 | J001643] .001661| .001672| .002884| .001698| .001733| .001789| .001747] ,001767§ .001TE8| .001611 ] .001835[ .001842° .001690| .001919] ,001981| 001968 .00021
12,000 | .001829| .001541| .001588] .OO1se8| 001880 | L001SSB| .001607] .001623| (0OLED .001858] 001678 .00L7O0 | 001724 | .001TA9| .0017T6| .001804] 001634 .002646 | 002901
14,000 | 001432 | .001443] .001459] .001489) .001480) .002492| .001508 .001521| .001537| .001585| 002874 ( <001564 | .001617[ .001640( .001666| .001845( ,0017RE[ 001788 [ .00L7ES
16,000 | 001340 001381 001388 | .001375] .o001386| .001307 | .001410] .001425| .001440| .001487| .001475| .0014R5{ ,001536 | .0016394 .oo1888| .ocazes) 001828 .001848] .0OZE7E
18,000 | .001253 | ,001988| .001%78| .001287| .001208 | .001308 | .001320| .001333| .001348( .0OL3E4] .00L38L] .001400] 002420 .001442| .c01468| .001480| .001818) 001543 | .co1878
20,000 | .001170 | .001180{ 001194 | 001208 .001211 | .0012%R [ .001234| ,001246] ,001260) ,001275[ 001242 | 001310 | .001329] .001349| .00157a| .001304| .002419| .cO1eas| 001478
22,000 | 001091 ,001100) .001133] .002121] .001130 | .001140] 001181 | .0O1163[ ,001177] .001A91| .001206) .001223 ) .001241] .001261) .001281] .001S04 .001327| .001382 | .00MEYS
24,000 | .001018 | ,001025| .001038 | .001045| .002054 | 001063 | .001074] .001085{ .001098] .001111| .001128| 001142 | .001189 | .002178{ ,001197| .001218| ,001241) 002284 002280
26,000 | 000046 | LODOSS4| 000966 | .000973| 000961 | ,000990 | .001000| .001012| .00 -001035| .002049| 001085 | 001061 | .002098 [ .o02118) .co1237] .001187] .001180] .002%O
28,000 | ,000880 | .00088T( 000896 | 000808 000912 { 000921 | 000930 ,000941( .000958| .000984[ .000977{ +000962 | .001007 | .001083| ,001041| .001080[ .002080| ,003201] 002183
20,000 | .000817{ .0006824} .000834| (000841 .000848 | .00084E | L000E64| 000874 | .000B8S) .oooaosk ~000902 ) 000922 } .000934 | .0009BR] ,000868) .00CPE8] ,001008] 001008 001046
22,000 | ,000787 | ,000764| .000774{ .000T80| 000788 | ,000794 | .000802| .000811) .000621| .000832{ ,000844| .000BST} .000870| .000885! .000900] ,000917{ .00093S «000954 | 000974
4,000 | ,00070) | ,000707} ,000717 | .000722 | 000738 | L0OOYS6 | ,000743| .000762| .000761{ .000T7L| ,000R63] 000795 .000607 | .000831( .000838| .000ese| ,0o0see! .co0sse 000008
36,000 | 000848 | 000654} .000683 | +000668 | 000674 | ,000681 } ,00088B| 000698 .ooo'mn( +000715] .00072E] 000738 -000743 | 000761 .0007T5{ .000790{ ,000808 | .000B2S | .CO0BEY
58,000 | .000899 | L000605] 000813 | .000618 | .000623 | 000830 | 000837 | «000S44| .000682| ,000662| ,000671| 000882 | .000624 | 000708 | L000TL9] .000733f 000748 | 000764 | . 000780
40,000 | ,000854 | .000889| .000587 | 4000572 | 4000877 | .000B63 | 000589 | .000597| .000604| .0008L3| .000822| .00063Z| 4000643 | ,000485| 000867 | .000e80| ,00088S| .000v00 | .o007RS
42,000 | ,000812 | .000818] .000MS5 | .000529] 000534 | .000540 | L000546 | .000555| .000560| 000568 .00C577] .000586{ -000596 | 000807 000819 | .000831| .000848 | .000889 | .000EYS
44,000 | 000478 | .000478] 000486 | 000490 .000488 | 000800 | 000508 ) .000S1R) .000B19) .000526) .COCEBS] .O00544) <OUOBE | .000B84 | 000578 .000867| .000590 | ,000SLE | .0002S
46,000 | .000439 | ,000445| 000480 | .000454 | .000458 | 000463 | 000468 | .000475] 000461} .000488} .000498| .000508] .000513 | 0008233 | 000834 | .000842( .00088¥ | 000880 | | oOCEER
48,000 | 000400 | ,000404{ 000410 | +000414 | .000418 | .000423 [ 000427 | .000433| ,000439| .00044p] .000483| .000450] .000468 | .000478 | 000487 | .000498| .000BOB | 00010 000538
50,000 | .000384 | .000368| .000573 | .000376 | 000360 | 000584 § 000288 | 000383 | .0003PP| ,0004OPf 000618 ] 00041 000428 | .CO04B4 | ,000448 | .000452| 000482 | .000478 <000484
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Figure 1. - Variatlion with altitude of the temperatures of NACA standard,

Army summer, and Britlsh standard atmospheres.
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NACA ARR No. L4I11l ' Figs. 3,4
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Figure 3, = Altitude effect on the mass of cool-
ing air required by typlcal cooling elemenis.
Army air; pursuit alrplene in high-speed flight.
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Relative volume of coolihg air
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Flgure L. =~ Altitude effect on the volume of coolling
alr required by typlcal cooling elements. Army air;
pursult airplane ln high-speed flight.
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Pigure 6. - Variation with altitude of the
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Figs. 8,9 NACA ARR No. L4I1ll
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Fligure 8. - Effeét of drag due to cowl-flap deflection on the rate of climb of -
typical bomber airplsme; altitude, 25,000 feet.
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Figure 9, - Iffectivensss of ocowl flaps in inereasing the pressure aocross
the oylinder heads of an air-cooled engine imstallation in & typleal o

airplane. Cruising flight; altitude, 25,000 feet.
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Fig. 10

800

700

600

500

koo

300

200

Cooling power, hp

3

S

Witliout fan /

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

0

10 Tox103

20 3
Altitude, f

Figure 10, « Altitude effect on ths cooling power of an alr-
¢cooled engine installation with and without a cooling fen,
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