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Escape during High Speed Low Level Flying
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Introduction

L

1 HE eseape Trom a disaldled aircraft has heen one
al the most critical problems in military aviation,
The ever changing operational and ractical require-
ments have always guided the improvement of assisted
escape syatern 1o meet the challenge of providing
sptimurn, il oot ideal, survival potential for the air-
CFitw,

Modern fighiers huve capabilities of rransonic to
supersonic speed at almost tree top heights and such
perfurmance of aircraft encroaches upon the human
wlerance limits, The term—low level, high speed in
military combartfoperational flying is used when rhe
flyinge is conducted at altitudes helow 300" and speeds
pxeeeding 0.9 mach (650 knows).  However, the
majority of these aircraft have escape systems with
minimum  sale ejection altutude (MSEA) beiween
300 —A00" andd speeds not exceeding 600 knots, The
escape  systems range (rom open cjection e close
canopy ejcctions [or subsonic, tranzomic and super-
sonic. speeds,  Zero-zoro ejection capebilities have
been provided in modern aireraft hur low altitude
high speed cscape is wore critical, especially with
diving a {light path or a high sink rate. Seme salient
festures ol escape systesm foe specific problems of
flying brlow 200 altitude at speeds exceeding 0.9
Mach are dizcussed,

Escape system available io moedern fighter aircraft

Various  assisted  eseape device:  available in
modern aireraft to meel the challenge of opcrational
requirements are as follows :—

{a) Open ejecrion scar:—
(1) Serpl yutomatic
{ii) Automatic — through canopy ejection
with detonation cord (upward/down-
ward)—canepy integration gysicm.

(b} Closed djection : —
(11 Jertisoning nose escape
(ii) canopy shield ejecion
(iit) encapsulated seal
() Capsule ejection ;
(1) ﬁnci;lgc L'uEJxLl[ﬂ'
(i) cockpit capsule
These way have the
lollowing altitnde—speed capahilities:
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() Underwuter ejection
e} Special developments like  * Digcretionary
aystem ' and

descent “ Racker exiraction

system ',

Limitations of aircraft gjection capabilities

At different altitudes and different speeds aof the
aircrait, the requircment of escupe sysiem  varies,
By changing the areraft pirch angle [rom level
flight an =zlicration of seat trajectory in rclation to
ground will osceur. This will reduce upward vector
and time zvailabls far aperarion of svstem, A change
in aircraft bank will alis produce similar resulls.
But nevertheless, upta 457 high pitch/bank angles will
not appreciably degrade upward seal veclor.  As the
performanece (speed) of aircraft inercases to super-
sonic, escape by mcans of open ejection becomes un-
safc and capsule closed ejcction system is the only
AISWEr,

Ejection forces and human tolerance limits

The propulsion system of rhe cjecrion seat, cither
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ballistics, rocket or combination of bath, pushes the
geat/man combination in a particular sequence, Thiy
moves upward from zero velocity to its maximum
velocity of G080 sec depending upon the boost of
the gun.  This change in velocity over a duration of
0.2-0.5scc and a distance of approx 72 inches induces
accelerutions of 18-20g in vertical axis of hunan spine,
Human tolerance to the ejection forces depends upon
(i) total magnitude (peak gl, (i1} duration of accelera-
tion, (iii} jolt factor, (iv) direction of furce, and

(v) surface area exposed.

Prolems of escape al low altitude

The problems of recape with increasing air specds
{above 600 knots IAS) at low altitude could be dis-
cussed under following headings -

(i) Pre-cjection consideration

(i} Ejection phase
(iii) Post ejection phase
fiv) Landing phase and subsequent survival

Pre-¢ jeetion consideration:  Average lime taken
for pilot’s decision alone in an emergency situation is
2 zecy nnd acuvities reguired for imtiating Gring
mechanism  after the pre-tjection drill may take
unother 1-2 sec.

Fjection phove:  An sverage time itaken in
sequence of scat operation is as follows
Filot initiates ejection
{pulls the firing

handle)
Canopy is jettisoned

0 see

1.0 se¢ (through
caniapy with MDCG
will reduce this time
by Q.5 sec

Ejection seat carried

out of cockpit 18 see
BTRU activated (seat/

man separation delay) 1.5 see
Parachute deployment

sLarts 2.~ 3 sces

4 B8 — 5. 68 scee

Reduction in the delay time from 1 to 0.5 zec in
inlegraled cancpy jettisoning system and provision
of through canepy ejection with miniature detonation
cord{ MDC) svstem will further reduce the time of
canopy jettisoning, The mechanism must ensure
canopy scparation without hovering or [lailing.

L

Through canopy wjection 15 preferred with MDOC
(ME Mk 10 has this facility),

Egress phase: Totul lime taken for seat/man
egress lrom cockpie after initation is around 0,18
to 0.2 secs.  During this phase the seat/man combi-
nation is moving out ol the cockpit, benve the
incidence of spinal injuries and conract injuries to
limbs are known even in modern seats - 71, To
avaid any contact injuriey during seal curess, all
body members should be adequately restrained auto-
tmatically so that they don't graze against cockpit
environment.

Past efeerion phase |

ta) Seat/'man exposed o RAM air pressure : Al
this stage the seatqmon combivation iy exposed to
BAM wir pressure which s higher at low altitnedes
becauie of air dc:lij;}r. The r:li':'f'.-r i commonly known
as ) foree (wind bladt elfecty which is a funclion ol
aircrull speed (TAS), dengivy of air and snriace area
(frontal area)., Head and neck arg oxposed firs,
followed hy wpper limbs, chest and lower part of
the body., The combined ellects ol low allitude
wndd high speed can canse serious injuries,  Such
have been studied using rocker sled/warer
tmurersion experiments.

effents

These effects can be minimised by following

methoda :

fiy At supersonic speeds the choice rests bet-
ween o closed canopy capsule ejection or use of
helmets with + G loaded visors covering  head
and neck complerely, Llowever, advantages
gained in one phase ol & system will be detrime-
nral in orher phase ie. closed eanopy/capaule
will pestrict ditterential drags and separation
of seat/man mayv be delayed.

{(ii1 Specd of ejecton should be restricted to
transonic (asin MB Mk 1),

(b] Wind sheer effects :  Lligh speed may caunze
loss of protective clothing due to inereased air pres-
sure anid mayv cven cause secondary injuries,  This
could also be circumvented by closed canopy.

{g)  Thermal injuries :  Aerodynamic frictional
heating can raise the temperature to 300-320°F at 1.7
Mach (IAS) and cause second degree burns | un-
le=s special protection i3 provided . To overcome
these effects, speed restrictions have alse been imposed
during ejection. Alrernatively, canopy ejection
system (Type 77) or capsule ejection modes can be
pravided hut they have inhercnt problems of -
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creazed weicht and  terminal velocity, wind drag
effect, poor stability and reguirement of bigher
velocily gun.

fd} Wind drag deceleration ;.  Due to Q lorces,
the seat/man combination starts abrupt linear de-
celerarion in the air stream.
geat/man combingtion (3.8 sg 1) gews exposed 1w
this amd causes malpostore of unrestrained body
parts with consedquent injuries, Suflicient vertical
height is essential for clearance and this depends on
drag/weight ratio (D/W). The drag depends an TAS
At aireraft speed of 200 1o 400 mph, the LYW ratios
are 2 and U respectively, Ao increase in D/W ratios
brings the trajectory closer to the tail fin of the air.
crafr, and thus reduces the clearance,  Another im-
portant Feature is lilydrag ratio (L/D). Afrer leaving
Lhe cockpil, the scat is aceelerated upward by positive
lilt which progressively decreases at a rate correspon-
ding to the deceleration,  Finolly the highest point of
trajectory is reached and the sear starts dropping.
Increasing speeds encroach upon the vertical height
though there is o definite gain in time which is & bene-
ficial lactor, though only upte aspeed of 610 knore,
IMowever, with ditferent atritudes, the upward vector
reduces  remendously und minmum  sale cjcction
altitndes far the same seat is lurcther reduced. Uoday™s
limitation in ejection is due to wind drag decelera-
tion and not the wind blast eflect,. The wind drag
deceleration is related o surface area, true air speed
(T'AS) and weight of sear/man, If the TAS increases,
the deceleration increases aud so also the increased sur-
face arca makes theman more susceptible to decelera-
tive injuries. In actual practice {open cjection}) 630
knots speed is the final limit. By increasing speed
from | Mach to 1.1 Mach, the decelerative force
increases from 35 to 40g. To ward ofl the eifects
of wind drag deceleration,
imporfant ;- -

following factors =are

(i) Increased weight of scat/man combination.
Tf weight i= more, duratinn of cxposure will be mare
(peak g will Be less), In this case, higher ejection
bopst i3 required which iz possible onlv by rocket, At
the same time, the limic of 700 knote s maximum.
Thus, a gain in one phase beeomes a disadvanrage
in the other,

(i} Providing fios/strese lining the ejection seat,
This increases Ll and minimises drag.

(iii} Rocket assistance to propel the scat in
direction of thrust/flight. This reduces the effects by
about 15g. The rocket thrust has minimum sccentric
leading and seat/man stability is assured,
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The frontal area of

Tumbling/=pinning ; High speed ejeclioni have
also limitations of tumbling and spinning which in-
crease the complication of wind drag deceleration
leading to sfects of rampression and hydranlic shnck
wave In the cardio-vascular system,

Seat/man and parachute deploymenr: In the
litnited time available the basic requirement is eurly
deplovment of parachute with minimum opening
shock and ellective seat/man separation. At highey
dpeeds with closed canopy and rocker assistauce the
deceleration forces cxeced the limit of human tole-
rance, Toachieve this, automatic full inflation of pere
vonical parachute and  seat/man  separation  arc
required,

Landing problems : I minimum sale ejection
altitude 15 not adhered to, all the subsequent phases
are delayed with consequent increase in landing

velocity and concommitant injury potential.

Conclusion

Requirements of ecscape svatem ina multi-role
aircralt are conflicting. High speed low altilude
escape has definite problemy particnlarly with open
cjection system, The open ejection system will
cater for speeds upto 600 koots only and that too
with adequate body restraint and  protection against
the ejection trajectory, lor speeds above 600 knots,
canopy/capsule ejection sysiems are the only answer
ta cope up with the wind drag deceleration,

Training:and indactriration of aircrew in escape
system, its limitations and MSEA must be adhered to
for zchieving maximwm survival petential.  The
engineering design of escape system with single liring
action, high impulse rockel, stabilised seat, positive
star‘man scparation, automaric gun/slug eperation
parachute deployment, automatic activated distress
signal unit and survival kit will only meet the chal-
lenge of modern tactical operational requirements.
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