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ESCAFE FROM HIGH PERFCRMANCE ATRCRAFT

1. PURPCSE

1.1 An objective analysis of the problem of escape from high
perfommance aireraft is presented in terms of human tolerance to acceler-
ation cerrelated with pertinent serodyramic and physical factors. The
maximum linear deceleration experisnced during escape is computed for the
conventional ejection seat system as a function of calibrated airspeed .
MYktude; and Mach number. The decay of deceleration is alsc computed as
a function of altitude for a givern initial calibrated airspeed. Ccrrelation
of these computed physical forees witk heman tolerance to acceleration
reveals the critical human limitations asscciated with existing conventioral
ejection seats for successful escape from high performance aircraft, This
study will aid in determining the scope of knowledge required to support
escape systems rescillfiirand development.

2o FACTUAL DATA

2¢1 One aspect of the limitations of the ejection seat as a
tolersbie means of escape from high speed aircraft is the magnitude of
linear deceleration caused by the airloads imposed on the ejected occupied
seat as it enters the airstream, Human tolerance to acceleration has been
fairly well defined as a result of the efforts of Dr. John P, Stapp,
elloman Air Develcpment (enter, Doctors Savely, Edelterg, and Henry of the
Aeyo Medical Taboratery, WADC - and others, (References 1, 2, 3, and }).

The hwman tolerance to lirear deceleration in relation to rate of on-set,
magnitude, and duration for transverse g (in a stable escape system), as
defired by the Biophysics Branch of the Aerc Medieal Lab, WADC, is presented
in Fig. 1. The intreduction of positive or negative g forces will lower the
human tolerance depicted in Fig. 1. This study does not evaluate the effects
of tumbling during escape; or the phencmena of the build-up to the initial
peak deceleration (rate of on-set), and is limited to an anglysis of a stable
escare system,

loalibrated airspeed is defined as the indicated airspeed ccrrected for
instaliation and instrument ervcrs.



2.2 The maxizum linear deceleration experienced by the occupied
gjection seat as it enters the alrstream is determined by the ratic of the
drag to the weight of *hs secupied seat, There are three main variables
affecting the magnitude of the g forces at various speeds. These are:

2:2.1 The exposes frental area of the cecupied seat normal

of the drag coefficient with Mach Number,
In order to determine the airloag imposed on the seat, a drag coelficient
for the seat-man cenliguration must be found. Probably the most reliable
drag data available for exieting conventional ejection seat systems is that
obbained from the MIT Wind Tunnel Report #69, January 195, Data from the
MIT wreport was used for thie study, as shown in Fig, 2, which is a plet of
arag coefficient {&n) 8z 1 function of Mach number for a seat angle of
sttack of 10 degrees, This angle of atteck of 10 degrees represents the
attitude of the szeat dust as it clears the rails during ejection and is
exposed to the full free stream velocity.

2,3 Using the walues of On glven by Fig, 2, the magritude of the
g Torce as a funciion of Qalibrated“aiPSpeed9 altitude znd Mach number, for a
coenventional ejection seat having a frontal ares normal to the airsirezm of
6.5 3q.0h,. and an otcupied seat weight of 22C pounds, is shown ir Fig, 3.
The most significant Tact to wonsider here 1s that the maximum linear
acneleration ig rractieslly cerstant for a given calitrated airspee:sd regard.
less of altitude. The approximation may be made, without introducing too
sericus an errer, that the maximum linezr aec&leration,caused.by-ejecting
intec an airstream is constant for any given calibrated airspeed, Referring
to Fig, 3, this means that the maximum linear acceleration experienced at
Uml at sea level is about the came magnitude as is experienced at M2 at
25,000 feat, Hewever; for a given &sczpe system, even though tre maximum
g forces are egual for constant calibrated sirspeeds, two other important
facters must be considersd in order to determine the toleratle iimit of
ezcape as a function of calibrated airspeed at extreme altitudes:

2alel Firet, Tor a given ejectior gseat system at a constant
calibrated airspeed, the rate of tunbling is increased with an inecrease in
altitude because of the lower damping forces experienced in the less dense
stmosrhere. With an increase in altitude; at constant calibrated airspeed,
the aerodynamic dampirg force which tends to reduce tumbling decreases,
However, the force which produces the tumbliing remains constant, The rate
of tumbling for a given escape gystem at LG,000 feet aporoaches a rate
dowble that experiencec zt ses ievel for the same calibrated airspeed,

s



Zoder SRy . s aliiinde increages for any given
23 airspeed, the ki ¢ energy of the ejected occupied seat in-

z because the kiretie energy of the system is a functicon of the
square of the trve alrspesd. The ratio of the increase in kinetice energy
for a given calibrated airspesd at an aititude of LO,C00 feet as conpared
to ses level conditions is appraximately three to one. This three-fold

in kinetic enevey must be dissipated as a fanction of time in the
e atmosphere at altiiuds, For this reason, it must be expected
vhe duration of the accaleration will increase with altitude. Fer a
statle esvape syztem, the relationship e¥Xpressing g as a function of time
may be derived from the basie foree equation;

integr:ting this equation between proper limits, substituting, and solving
for t reveals;
r= 2w (Vo)
C‘nﬂ(’g Vol (Eg. 2,2

where 1 is defined as the bime reguired to go from Yo toe VvV and £ would
represent the density of the air at the altitude of ejection. Analog
selutions of the above equaiisn for the conventicnal ejection seat syatem
used In the sample caleulstions for Fig. 3 were obtained between an initial
and final celibrated airspesd at various altitudes to determine the curves
for g versug time at warious altitudes, shown in Fig. ho An anglysis of
trese results revealed that the decay of deceleration at various altitudes
clogely approximates the relationship

g _EE_’_"_-___.—- (Eﬁiﬂ 293)

G =

4= e
Tor a given g force, as shown in Fig. k. For example, this simply means
that it wonld take approXimately twice as lomg for acceleration to decrease
from 35 g to 10 g at LG,000 feet as it would at sea level, In this respect
it is importent to mention that duration of acceleration is considered Just
ag important as magnitude when defining buman tolerance to acceleration.
The two factors -iten abovs, fumbling rate and duration of acceleration,
may be the limiting criteris for suceessiul escape at extreme aliitude
rath o the more essily defined 2% g lim't of linear deceleration

ndicates the Iinear decelerztion as a function of
howing the effect of variation of the welght of the
eat and the avea nomal to the airstream for values of
: It ean be sser from the equation defindng

§=f =Sl (Fa. 2:0)

mum linear deceleration is directly proportional to the ares

Yl



normal to the alrstesam and ipeeyasiy
ejected occupied seat, For ihe -
today, the wei of the pocuplied
pounds; and estimates of the
ejection seat syshems vary [
ejection circumstances, the
)

nal to the welght of the
zabion seat in common use

A
+ the airstream for various
4.1, For any given set of
: fo./ may be debermined, and designated
50 that the eguation Too 2 sav bn wiettken as

(e L (Bq. 2.5)

The maximum g force is directly rprepo.otiomal tQJ%—g whose values for a
conventional ejection ssal sysiem vary Lrum aboub 01 to ,025. The curve
of Fig, 5 represents the sontribahs astor of ( Co L Pv™ ) in
describing the relationship of g wersus *dllbr&t?d 41r59eed. The effect of
the variation of 4 on the magwizade of the g forces is shown by the
vertical lines at the lefh: 59 the | To min;mlze the maximum linesr
decpleratlon, it is desirable o @ : migh an ejection weight as possibi:
confined in the smallest practica’ bal area in order to reduce the valus
of £ +to its most practinal important point to consider herw
is that the limiting 33 g it tion may be expected within the
range of calibrated aircyea) 725 knots depending on the
variables of 1 and W , Fo pi system,; it is desirable to
increase the weight of the eisntes 4 zeat to the maximum permissible
value compatible with catapul: 21 limitations in order to

reduce the maximunm g forces, reduction in maximum g obtained
by reducing ths ratie ofJ% is expense of increased duration

of acceleraticn, Duration of a function of ¢ 1is most easily
explained by referring 1o Bquat “=h elearly shows that ¥ is

; e tia Aere again, it is apparent that
e bhe Timitin g criteria for excesding
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possible to define a Iimitat ot s lectlon seal for successful escape
in terms of a single valw raeat alrs However, it is important
to note that the maximum - iated with conventional
ejection ssat systems inm ant magnitudes, relative
to human tolerance, ss the 1nﬂreased,above S50 knots,
in order to indicate The sei : : roblem, the rate of increase of
the g forces as a func o FoelsEn ui may be detemined as shown in
ﬁig. 6. Here again it is o ta %iX4ﬂﬁn force is constant for any
given callbratei airapsgad, o o b 4 g forees deseribed in Fig, 3 are
replotted as a funciion of + o3 oy paper. The result is a straight
line with a slope of Z.47 to 7. T ¥ -, showing the maximm g forces
as the ordinate and IHP ealilroron ot s it ws the abscissa, an equation

a w-



for g may be writien us v

g:ff(ro‘;) o o)
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e
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whera K Ls 4 conatant {o
: ny'inﬁ;catps that
' £ thizs liqe
3 BPF&W@P the
shown in ngo 2, will
sezt systems,; the slope o
tb 1o In ths Equation 7
£ the ratin of A/W
Changing the walus of K
Jeft on this graph, Th=
giightly for differant =7
magaituds of Cp. which “n
ness of the ejegtion zee
ship of g FRTSUS VW

SC2pE aystem conditionz, This
247 power of the velocity.
the product of Cp times welooity
, rariation of Cp with Mach number, as
the same fer most of the conventional vgeutlon
line will always be near the value 2,47
consbant K, 3% a function of the product
relative magaituds of the values fov Opo
Wifts the surva Lo the right ¢r t» the
verlue of K in the Eguation 2.6 werld vary
; tems depending on the relative
tordepsnds on the relative aerodynamin clpanp
1. 4t iz postulated that if the relatione-
1 ca Fig, 6 for most of the existing ejection
waines of g Wﬁﬂud all be in a relstively
vear ths value of 2,47 ko 1. The
Lhat the MLOUL of this line is such
4 results in a corre;oonding

sl thﬂa analysis it is ressonable to
doms experisnced during ejections
“&Hldly approazh the 1imit o” human

1 F the speed of the aircraft at iime of
apows B0 knots indicated airspead,
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_ the sericusness of the problem may

S eiing vhe maxdma speed capability of the "Cenbury
ol £ The stralght and level speed capability at
Lex® than the limiting permissible red-lined
L oa conservablive estimate of performance
Ljulwal appreash described in this repert,
apability of the ejection seat as a
Ohah¢e in th@ "Century Seriesg®

s of 600 knots calibrated

solving the problem presented sbove

glow the alrcraft down to an

k%21



L

in the

HADENSE

lecity to

eal welght to veduse initizd

Fa kPN oty a+ Lhe el ﬁuwa*'aq of g forees.

jo N
@
o
fu
P
f’f:

2970"‘: 57 5

veshrdques v'or ejsetion n seahs.
2d solutions Indicates there is no P G
¥isting ejzction seat systems. It
@ vronosals resulting in 2 jvdicious
the e 2 of inoreased duration will
® rresent unsafe speed rangs with the
The as=ro dynamdy characteristics of a
1L system will dictate a relativaly
Jo  Therefore, this system will not .prd
inte the extreme speed range of the "Gentusy
2 magnitude and duraylon of g foress.  How-
ar eonfiguration as presented by an 023¥e t*o?
relative m ¢Wﬁ1-ugﬁ of Cn by a factor of as : much n
+ for the capsule would be such as to
ation bj sufficient magnitude so that the
. ,mgdiflﬂan relative to human tolers AN,
ile type of escape syobem onyld extFAd into
e p"waﬁx;ltJ of the 'bentufv Geries”
mman toleratze either in magnitude or

A prelininary review of
Hix" sclution apparent
2xpestad that ootindzas
Compromiae nf dafréam
allow a
currant operag;onal 2
blunt object sueh as
high waiue @ﬂ? f

s
e}

”ﬂzuﬁynﬂm°‘a¢?

¥
would reduze the

The value of [

g the maximum Jires . :
mabion of g forces wowld be
The asrodynamiceally clear

aﬂu.bﬁ“@ﬂd uhﬁ P“?,@ue ;
117 nat

oo

SR

4 by thig study may be swmarized
n geat system:

timign linear deceleration is essentially
a-mbr4+@d airspsed regardises of altitude,

Jolod AL constant ¢alibrated airspeed the rate of
Yumbling inoreazes with aLi %ade and approaches a value proporticnal to
the imrerse of tha square rool of the density ratio.

13,7 ae tart asTiheated airspeed the duration of
g f 7 iw ;Qpr%xgmatﬁly';m@ﬁﬁﬁﬁﬁgma'wt;"*b@ inverse of the squzre root of
t‘@ ﬂﬁnﬁit ratic,




3.1lali  The maximum linear deceleration forces increass
ag the 2,47 power of the velocity.

301.5 The maximum linear deceleration rapidly approaches
the limit of human tolerance as the speed of the aircraft at time of
ejection ig increassd sbove 550 knots calibrated airspeed,

3.2 The aer¢dynamic and physical characheristics defined by
the parameter ( Cov Wy J are such as to limit the usefulness of the
conventional ejection seat syzhtem to the lower part of the gpeed range of
the "Century Series" Sf&fsr. Only by optimization of these parameters,
suca a8 may be obtained by the use of a low drag capsule, can successful
escape be expected in the extreme speed rangs capability of the "Century

.

Series” aircraft and bevend,

Publication Review

This report has besn »eviewed and is approved,

’EEDICK HARRIS
Chiefy, Plans Office
Directorate of Ressarch
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SAMPLE UALCULATION
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hegrituie of g force

as a furctlion of calibratesd airspeed

¥

altitule, and Mach number,
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LINEAR DECELERATION — G

Fig. 6.
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