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AEROMEDICAL PROBLEMS OF HIGH SPEED LOW ALTITUDE FLYING

Problems of High Speed Low Level Flying—
A Pilot’s Point of View
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Introduction

IN the evalulltion of tactics employed for air warlare,
the attacker and the defender have matched their
wits and tried o gain whatever advantage that was
possibile under the circumstances, In the curcent
seenario in our subeontinent, penctration ol entoy
territory at a very low level at high speed ic the best
methad to minimise radar detection ranee il not
totally avoid being detected,  This in turn lessens the
time available for activition of enemy defences and
therefore increases the chances of survival reducing
the attrition rate,  In areas covered by wide chaing
of low lonking radars and guick reaction low level
anti-aiveraft missiles, the pilot i forccd to maintain
such fast speeds at such very low levels that many
other prablems are introduced in the process, In
the final analysis, the chances of survival would seain
gel degraded by self inllicied accidents thus
the artrition rate would apain show a reverse trend.
‘The objest of this paper is to highlight same of
e problems of a pilot Oving at high speeds at very
low levels and to indicate the current approach o
a few solutions.

and

Types of Missiens and Tasks

The types of mission: which are flown at low
level would include Lhe desp penetration sirike (DP5),
interdiction and close support missions. The dis.
tances covered aver epemy frerritory counld be upio
300 nm in the DPS role and about 200 nm in the
interdiction prafile. The close support missions are
generally flown close to the bomh line where the
tactical ground [ighting takes place.  These distances
would mnaturally depend on the location of the
targets as well as the radius of action of the ar-
tacking aircralt. The purmal cruise speeds could

be arcund 13 to 15 ki per minute and for shore
periods during the dash to the target or the get away
from the rarget, the speed could be as high as 20 km
per minute;  In air defence mivsions, the pilot may
he required 1o dntereept or chase an enemy formation
approaching or getting away at low level., In thiy
taxk, the interceptor has to fly at specds even greater
than Mach 1.0 but he could maintain o slightly high-
er altitude vight upto the terminnl pliase,

In iryiog to appreciate the problems, the task
that the pilar has ta da i5 to be borne in miond,
Brietly it i1 as follows ;

(1) Flving of the aircralt.

(i) Mapsgement ol aircraft systems (engine
oparation, fuel hydraulic/electric/ pneumatic)
ather systems).

(iit) Radio communicarion.

(iv] Navigation.

(v} Formation fAying or position kecping with
respect to other members of the formation,

{vi} Look our for enemy fghrter aircraft (spat-
ting and reporiing).

{viii Tactical manoeuvres, including evasive
actinn against cnemy defences, hoth ground
to air and airborne interceptors,

(viii) Avoidance of high terrain featnres, high
remsion cables and balloon barrages,

(ix] Avoiding birds.

{x) Avoiding highly delended areas by tactical

routing,
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{xi) Identification of target, positioning for at-
tack aond accurate weapon delivery,
fxii} Regrouping of formation and recovery lo

base,

Thuy a formidable list of tasks has 1o be carried
out by the pilot of a single seater aircrall when llying
under conditions of emotional stress, cspecially when
committed Lo I;igii risk opernticns
territory. In the performance of above tasks at low
level and at high speeds, certain problems need

}Jirfi:]fghtinq and their solutions, partial of noat fnll,

over Fnemy

as availahle ln(h}‘ would ale be mentioned.:

I'roblems of Low Altitade 1ligh Speed Flying

Flving at fow fevel :
by itself an advanced phase in a pilot’s traning,
Even iff one member of a formation stavs shghtly
high, the :!pp'rn.'!.t.']! wonld be detected 3t oa much
farther range and tactical surprise wonld be lost.
As an gppproxiunate guide, an aircralt ar 30 wtrs
height wonld be detected only at 30 kms as com-
pared to 50 kms for another flying at 150 morrs,
The proximity ol the ground allows very little
rolerance for pilating crrors especially with respect
to maintaining the correct height,  In this aspest,
the wisibility condittons are quite important, (o
a hazy day, when the horizon is not clearly visible,
the pilot finds it difficulr to maintain a level flight
path. The task of executing a level tura at a turning
paint becomes eritical and is greatly agpravared
if the terrain below iz gither a desert or water. The
undulations of sand dunes is not clearly discernible
ancd a pradual Jdescent in a shallow spiral of ¢ven 1°
woultd Tesult in 2 loss of height of 50 mrrs in about
10 seecy, In modernaireraft, the automartic Hight con-
traol syatem or antopilot has been introduced to relieve
the pilot of the workload and concenrration required
in the tusk of pure {lving., The heighe lock enables the
aircraft to maiotain a preset barometric height,
In addition, it has several other modes one of which
is the “pull up from dangerans aldtude ™ maode,
When this switch is kept on, the autopilot Initiates a
pull up to a safe altitude whenever a presst critical
altitude is reached as measured by the radar ald-
meter.  The radar altimeter coupling is not an ideal
golution as it measares the height directly below the
aircraft and net sufficiently ahead to enable an effec-
tive evasive pull up. Terrain avoidance radars are
being wsed to meet such requirements in long reage
low level strike aircraft such as the F-111.  However,

Flying at low level i
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far a pilet to use the autopilat even at 100 mtrs,
confidence level has to be high, At 50 mtrs, ver
few pilots would place their trust on an autopilot
In order o ensure a high level of reliability, dupli
cated or triplicated systems are required,

Management of Afreraft Systems : The moders
day hich performanee fighter aircraft is an exampl
of the most advanced and sophisticated techpolog:
and s a highly eamplex machine, The numerou
sulsystems in the aircrall would take a great dea
of the pilat's tme and attention iU sullicient auloma
tion is nat provided in the system, Some cxamplos ar
automatic fuel [eed sequencing, engine air intake geo
metry amd  the autowatic  dight  contro
systemn. 1t 15 of course necessary that all automati
systerns have o bigh degree of reliability and only i
the ease of a malfunction, which should be pccasional
should the pilot be reguired to intervene manually
In this context, the warning svstems in the aircral
assume importance,  These are designed to deaw Lh
attention of the pilot whenever the antomatic systen
[ail ar when some other failures ke place,  Larlic
practice of having numerons warning lights disted
buted all over the cockpit has given place to centra
lised warning panels with a large master blinke
located prominently in the field of view of the pilos
T'his is also connected te an audio warning in th
pilat's earphones.  Audio signals ave also used 1
indicate danpgerously  low altitudes, passape ove
marker beacons, illumination by enemy fighter radar:
missile lock on ete.  Diflerent tones for differer
functions have been used bur the best golution ha
been the woice warning system.  Larer versiov
which require computer interfaces alio tell the pile
what best action he could take o deal with th
preblems.  In some of these, the relevant chec
lists and emergency procedures can be called up on
soreen as a projected display to serve as an faid
mmemeire’ to the pilot, These measures enable th
pilat to devore his attention (o the mission on han
and to deal efzetively with any failures that arise.

control

Navigation ; COneof the primary responsibilitie
of the pilot is to reach the target as per a preplanne
tactical route which would avaid heavily defende
areas and achieve surprise.  He may also be require.
ta arrive over the target at a précise time to cnabl
coordipated attacks in conjunetion with other for
matinns or ECM missions. When the navigation |
done at very low levels, the extent to which the pile
can pick up an identiliable land mark becomes ver
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limited, especially in conditions of poor wvisibality or
haze. The duration available for ruch identification
is of the order of a few seconds at the present day
speeds,  In the initial days of & war, the pilot will be
flying over totally unfamiliar territory and hence
identification of land marks would not be an easy
lask. A gingle pass over the target is all that would
be possible,  Mavigational aids which arc available
during peace time such as radio beacons would
not be available during war ttmes and assistance from
own radars is not possible lor low tHying aircralt.
Similarly, voice communication range is also limited
to line of sight range in the VI and UHF bands
and therefore DPS airerall Liave been fitted with HF
radio sets for long range communieation from lTow
levels when on deep steike missions. A self contained
one hoard n:q\ri['rah'nn system i thus an absolute
necessity  and ity should  he
to enalile a successful lirst pass attack, When approa
ching the target area, the speed &5 increased 1w
‘dash’ speed for making the task of the anti-air-
eralt defences more difficult, 1t has been established
thut under such circumstances, il the turget is more
than | km ta either side when spotred at a distance
ol about 4 kuws, it would pot be possibile far the pile:
to mannenvre the aircraft for aligning himsell with
the target in time for proper weapon delivery., A
Head Up Display driven by an inertial navigation
svatern throogh associated digital computers is the
present day solution to this problem. Fven with
these systems, the workload on the pilot in terms of
the number of switch selections for operaring the
Nav. attack system and weapon control system s
still heawy and a positive effort to reduce the work-
lnad by hetter  ergonomics  and  engincering s
LECESHArY.

ACCUrACY sueh. g

Farmarion Flying and Leok-onr: While fiving
operational missions, generally two tvpe: of tactical
formaticos are used. In a *f broad frontage ™ forma-
tien No 1 (leader) and No 3 (deputy leader) are
abreast with about 1 km between them, and their wing
men are stappered on the outside, The second type is
similar ta the pasitioning of the four finpers of a
hand with the leader abead of the others, The
main assignment for the wingmen is 10 keep a good
lookout especially towards the rear for spotting
enemy aitackers well in thme and report the same ta
the leader on the R/T, In this respect the © broad
frontage " gives more rear coverage than the ' fiuger
four * but the latter permits easier manocuvring of
the formation and is generally used for low level
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missions. It is thus obvious that the wingmen are
required to Hy mostly laoking hackwards, Frequent
guick glances at the instruments and the terrain
ahead iz all that is possible. Ajrcrall with bublble
type canopies with no bulkhead immediately afi
of the cockpit are ideal under such situations,
Kear view mirrars can be uselul only lor a Hmited
range and feld of eoverage. Craning of the neck
with the shoulder straps unlocked cannot be aveided,
I at any time doring the mission the fermation iy
intergepted by enemy fighters, hard cvasive mano-
or combat manoeuvres would have to be
earried out, At this time the aircrall and the pilol
would be subjected to high ‘g’ forces of around 6 g
and the pilal watild be required to keep wrack of the
position of the encmy aircralt following behind as
well ay the other members of the formation with
whom he s carryving oul coordinuted manoeuvesy,
A very high degree nr:H}ring akill 2y well as physical
tolerance would be required in addition to mental
alertness far coping up with the sitvation,  Good
handling characteristics and peeformanee of the air-
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eraft would contribute greatly to the success or
failure at this stage,

Spotting: In an aerial combat, the pilot who
spots his enemy earlier gaing a grear ractical sdvan-
rage as he can imwediately start turning his aircrall
to ger behind his adversary, The range at which
the enemy wircraft can be sported depends on ity size,
the ‘aspect’ which it presents to the ohserver, ils
relutive movement, its colour and conlrast against its
hackground and whether it leaves an cngine exhaust
{smake) rrail or vapour trail, In practice, some
individuals seem to have a ‘Hawk eye’ and manage
to spet aireraft out of seemingly empty skv. Practice
in svstematic scanning of the sky in elevation, azi-
muth and range (which implies focussing of the eye
at different ranges) i3 essential for successiul spotting.
Generally, the pilot of a low flying aircraft wonld
pick up another aircrzfl flying higher against the
sky background (especially if the sky is whitish due
te haze ar sheet type of clouds).  On the orher hand,
the task of an air defence pilot trying to spot & forma-
tion appruaching/getting away ar “deck’ level iz very
diffionls especially 1f the aircraft are camounflaged to
suit the terrain below. On many occasions, even
after spolting once, the pilor would lose contact
again unless he keeps his eye on the targer all the
time, while he 1= closing in for the attack., Smoke
free jet exhaust is important in this context. It
would he tactically prudent to switch the after burner
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ofl under such conditicns as soonas a sufficiently high
speed is antained and “dry’ power is used thersalter.

Spotting is not confined 10 locating enemy air-
cralt only.  Birds and obstructions such as high ten-
sion cables peed to be seen well in advance i any
aveidance ix to be eflective. Knowledge gained
during earlier missions in the area and translerred
correcily on to a map would help in subsequent
isginme,

Birds have poscd one of the greatest harzards to
low llying awrerafr,  For bigh speed aiverafi, e
impact momentun isso preat that serdous structiral
domage results even from amall birds, However, in
most cases of damage to the aireraft struciure, the
pilot would be able to bring the aireraft back but in
the eaxe of a bird hit on the L‘ngitu.‘ alr irtt.LkL". e
situation may become yuite serious.  Soine cngines
are unable to ‘digest” the birds and this is aggravated
at high speeds when stability of the airHow throush
Lthe air intake is essentinl. High speed aircralt have
a low lilt/drag ratio and hence a high rate of descent
with cnpgine ofii Uherefore, as soon ae the eriring
flames vut following a bird kit at low level, the rﬁ'l-:-r
hay to go threngh his drill for relight quickly and
correctly and even then the chances of a sucesssiul
relight before reaching the Minimum Safe Ejeetion
Altitude are not bright due 10 the mechanical
damage to the engine and lack of time, Spolting
of birds in time for cffcorive evasive action amidst
all the preoccupation with other tasks is thus more
2 fond hope than practical. Tn the majority af
cases, & pilot realises he has missed hiting a lone
bird by a narrow margin as it whizzes past hiu.
However, flocks can be genecrally spotted in time
and the [ormation leader/deputv leader who are
looking ahead can warn through radie the other
members who are scanning the rear quarters, Losses
of mircralt (and in some cases pilots Lecause of fatzl
delays in deciding to eject) have heen heavy, espe-
cially on single engined aircraft. In this regard,
twin engined aircraft have a decisive advantage. The
confidence level of a pilot on = low level deep sirike
mission would be greater when he has at his control
two engines lo carer for such an evenwmality, The
chances of physical injury to the pilet in cases of
hird hit on the [ront windshicld are minimised by
employing buller proof multilaver glass. Shattering
of such glass still ocvurs in some cases and the helmet
visor offers some protection against flying glass picces.

b

[t iz therefore essential to fly with the visor down
all times,

foi Weather Flying: One of the well know
problems of the Indian environment is becauss .
the high ambieat temperatures of around 40°C
W0 encountered in swmmer, I the cockpit has
peespes canopy with oo ventilatinn like the Canberr,
then the cockpit (emperatures could be as Bigls
GUTC ut the head level, T wiveralt like the Mi
andd Gnat, once the canopy is elosed, the situation
voery similars Adreraft with sliding canopy like t}
Hunter and Marut ace better ofl in such condition
When the atveralt i3 aivborne aned the aireondilionh
syatem i switchaed an, rthere is some relicl w )
However, the elliciency of aircanditionir
systems vary greatly from type to type and son
of these are designed  priwacily  for
in temperate or cold Uperating aue
aircralt at low level in osummer tuxes the [rhyais
lagical endurance of the pilat to a great exten
The temperature ol the ram air increases conside:
abily ar high speeds dueto ram ellec) and thus ol
efficiency ol the heal exchanpger in the aircondilion
ing system degrades a lor in low altilude hich spee
flights. "U'he answer Lo Lhis problem isin the prov
sion of o good air conditioning system  which
aperative ag <oan as the engine i3 started, A Jarg
mass How at a low cabin inlet temperature is nece.
sary and the air distribution ducts should be o we
lacared ro ensure cooling air entry and exit at th
right places.  Even though this problem iz we
known for 2 long time, the remedial measures Ly
not progressed-sutficiently,

pilot.

OO
climates,

Turbnfence and Bujfet : An  aircraft designa
faces a real challenge when designing an aireral
specifically for low altitude high speed  mission
herause of the siress lactors involved on the aircral
structure. The torbulence induces positive/nepativ
‘g’s on the aireraft which affect its fatigue life. Ty
obvious that a pilot sitting in the aircraft is subjecto
to the same stresses. ‘Lhe severity depends on th
amount and intensity of the turbulence, the speed o
the aireraft and itz ““gust riding’” qualities. The las
factor iz dependent on wing desipn and hence as
inherent characteristic of a particular type of aircraft
The amounr and intensity of turbulence is quit.
high an hot summer days especially during premon
soon periods when unstable airmass conditions prevail
Under such conditions the pilot has to put
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with a very uncomfortable ride if speed cannot be
reduced due o operational requirements,  Accurate
weapon aiming also becomes difficult.

Light Level ; Operational missions are [lown
under varying conditions of light level from glaring
daylight to darklight. Many missions are mounted
at dawn or dosk when the pilot goes through the
trancition perind also, On o bright day, a high
degree of accommeadarion is required for registering
the reading of an instrument tucked  away in a durk
corner under the instrument panel coaming while
glancing into the cockpit bricfly. A visor of uniform
tinl s unsuitable for this purpnsc. A visor with
gradually deereasing Lot towards the bottom would

lie more desirable,  For catering for the various ott.
side light conditions, two over lapping visors, one clear
and one tinted, would be needed, Helmets with such
refinements are ver to be introduced in the LAV,

Conclusion

An attempt bas been made to highlight some ol
the problems of & pilot while at high speeds at very
low altitudes, These conld be alloviated to a certain
extent by the ellurts of designers and doctors leading
to better design and ergonomici. The fact that a
human being is highly adaprable and therefore allows
a eroat deal of tolerance in his operaling euviconment
should not betaken far granted as sometimes it may be
a cruciul contvibutory tacror to serious accicdent,
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