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JET BLAST HAZARDS

INTRODUCTION

With the first commerciat flight of a Bocing 707 jet liner from New York to Paris in 1958, air
wansportation cntered a new era of safery efforts, schedule reliabilicy, and passenger comfort.
Since that time, however, jet blase has beceme increasingly hazardous during ground operations
at airport terminals, on maintcnance ramps and a'orly taxiways.

Safcty statistics have always been concerned with aceidents and incidents in flight and during
landings or takeoffs. However, this study by the Nationial Transportation Safety Board (NTSB)
reveals a disturbing number of ground accidents — some involving loss of life, serious injury and
property damage — due to jet blast. Some accidents have resulted in undc tected ground damage
to aircraft which later causcd scrious flight accidents. Many of these aceidents were reported to
any onc of a number of agencics, such as airport or airline managers, rather thn to any one,
central agency such as the Federal Aviation Administration of the NTSB.

The immediacy of the problem is aceentuated by the nevr, wide-body, three- or fou ~engines
jet transports NOW OpCrating at Mrjor airports throughout the world. These “jumbo™ jet aircraft
have added a new dimension to ground hazards associated with jet blast. The newest model trijet
has a passenger capacity of up to 350 and engines even more powerful than those in the
wide-body, four-engine airplane. This jet is likely to present grearer jet blast hazards than has
been known before,

The high bypass ratio far engines uscd on the wide-body jet moves some 300 percent more
air per second than engines on such conventional jet transports as the DC-8 or 707. .

The purpose of this study, therefore, is to alert the aviation community to these ground
operation problems. Successful solutions will depcnd on cooperation between flight crews,
airport designers and managers, airline officials, and ground scrvice personncl.

We hope this study will contribute to public understanding of the jet blast hazard and to the
prevention of jet blast accidents.
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BACKGROUND

The jet aieplane was introdirced into civilian
airports by the miliaary, Fhe fisse jets were
single-engine fighters, Followed by tour-engine
B-47¢ and KC-135 tonkers. The KC-135 tanker
was the forerunner of the Bocing 707 passenger
trnsport airplane,

Fhese early jets were treated with respect,
Ground personnel and other aireraft usu;l”y
kept their distance. The kerosene exhaust was
pliinly visible even o a sunny day. Also, the
diesel odor, remendons heat and car-splitting
scream of the early engines made people wary of
getting too close to them,

The original problem of jet operations on the

- ground was nat so much the jet blast from the

exhaust. but ingestion of foreign objects due to
the enormous suction of engine afir intakes in the
front of the airplanc. The front end of a jet has
ne whirling propellers and looks f;nirly harinbcss,
even with the engines runining, Until ground
crews became aware of the suction problem, any

number  of  helmers, goveles, headsers, and

wrenches were swallowed, And there were some
tragic accidents which resulted in serious injurics
and faralitivs.

As far as jet blast was concerned. the carly jet
even ap to the first version of the 707 were

| fairly innocuous. The jer exhawst was not much

stronger than  the  backwush  of  the  last

generation of  four-engine propetler-driven

airplanes.

As jet engine technology advanced, however,
the gronnd operations problem increased.
Operators are pleased with the performance of
aireraft powered by the new engines in the air,
but they have tended to overlook the hazards on

. the ground.

The original Bocing 707-120 used the
Pratt-Whitncy  JT3C-6 engine with 13,000

pounds of thrust at takeoff power. The next
version, the 707-120B, graduated to the JT3D




engine with 18000 pounds of wakeolt thruse
power, The four JTOD serivs engires on the 747
wenerate a takeott throse of approvinnely
180,000 pounds
the 707
\lf H]

more than twice the thrnst of

and roughhy cquivalent to the thruse
Delea rocket Launch
commanications satellites inco ourer space. Even
though a Delta rocker’s thrust s directed down-
ward instead of sidewavs, no one would dhink of
attempting to laanch one from a busy aicport,
Yer, with airplancs. the same amount of thruse
is used for takeoffs cvery day.

used [

thruse that muse be applied o get as much as
778000 pounds of niranlc Imoving from a
standing position, as in the case of the Bocing
747. Once the airplane starts to roll, the thrust
required to hecp it moving is considerably less,
bue still a potent foree,

Unfortunately, breakaway  power must be
applicd in the most congested parts of the
airport - in the termingl and maintenance areas
and in the wkeoft arca. As pilors strive to
maintain scheduoles and meer nssigncd takeoff
times, there is a temptation to use more power

.

Hurricane

Acally, rakeoff thrust is not the major
problem. Pilots and ground  personnel  have
always respected the turbulence created by arge
awcraflt on takeoff, even before the davs of the
jet ransport. 1n still air conditions, a jet’s wake
can create a hazard for following aircraft for as
long as five minutes. Tower personnel usually
warn following aircraft of turbulence and most
pilots — some as a result of_hair-r;lising personal
experiences — arc aware of the danger.

The main problemns arce “breakaway” and taxi
jet blasts. Breakaway blase is the result of the

than needed to get the aircrafe moving quickly.

Detailed  diagrams and  charts of jet-blast
patterns are included in this study. Huwever, a
few facts may help to explain the problem.

A four-engine wide-body jet produces the
following exhaust velocities: at idle, 25 feat
behind the il 50 m.p.h.: at breakaway, 110
feet behind the ail, 80 m.p.h. (liftoff speed for
many small aircraft). The 80 m.p.h. breakaway
blast compares with the speed of hutricane
winds which cause severe property damage and



many fatalities. A weather warning of a wind
like this probably would causc people to evacu-
ate fragile structares. tie down planes and close
down small sirports.

A deceptive feature of jet blast from new high
bypass engiaes is that the exhaust is invisible,
Early jet engines produced a combination of
smoke and shimmering heat waves which served
as a warning. Exhaust of the bypass engine is
cooler and cleaner and cannot be seen through-
our much of its high velocity range.

Furl’hl‘r“!(’r‘.‘. CTOSSWilldS can move the unscch
blast from a position directly behind the air-
plane. where it mighe be anticirated. to the right
ot left of the plane. A crosswind of 35 m.p.h.,
for example, can displace the 45 m.p.h, exhaust
zone sideways as much as 175 fect at idle power.
At taxi power, the 45 m.p.h. zonc may move
anywhere up to 225 feet on either side of the
plane. At takeoff power, the 45 m.p.h. zone,

- iy

with the same 35 m.p.h. crosswind, may shift as
much as 775 feer on cither side of the departing
runway. .

Although this study concentrates o ground
damage, it discusses, it some detail, at least two
ground incidents dircctly related o inflight
accidents. Ocher categories are discussed under
Damage to Airport Property.

it should be emphasized that chis is the firse
known study of its kind. Much of the informa.
tion came from such sources as reports of
airport police and company ground persunnel,
Accident reports are factual, although
fragmentary in many cases.

The Board makes no effort to assess blame,
responsibility or negligence on the pare of any of
the people or organizations concerned. The
purposc is to identify the nature of the problem.
suggest some sclutions based on experience, and
encourage positive contributions from all seg-
ments of the air transportation industry.

Bocing 747 Takcoff
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PERSONNEL INJURIES

Three sirline stewardesses having lunch at an
airport restaurant were hospitalized after the
windows of the restavrant were blown in by a
jet .eaving the gate arca. The aircraft was
required to make a short forward roll and a
sharp turn to clear another aircraft parked at the
adjacent gate. The ramp was covered with a
layer of packed snow and slush. As the aircrafe
executed its turn out of the gate. the No. 2 rear
mounted engine was 75-t0-85 fect from the
restaurant windows. The nosewheel began o
slide during the i out, and the aircraft’s

Restau-aiit Damage

TR

forward mowcntum was slowed down due to
ramp conditions and the incline, When additicon-
a l)rcukawu_v power was applicd, the restaurnt
windows were blown in ay well as the door of
another airline’s cargo building,

A mechimic was killed as he was retrieving a
ol box behind a wide-body jet just ae che
moment that the pilot decided to tahe a snap
acceleration. The mechanic was aboutr 135 feer
behind the engine, bur he was blown high into
the air and came down 150 feet from his original
position, _

An aireraft with rear high CNgines was mancy-
vering to enter a ramp area when it blew a
construction company guard more than 60 feer

e e s g
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E across the tamp. The guard was licerated on the
 head, nose, right wrist, and both legs. The pilor
- of the aircraft, in this case, was unaware of che
| incident.

| AIRPORT PROPERTY DAMAGE

Property damage. as a resule of jet blast, is so
- widespread that only a few typical examples will
b given. ‘

I A jet blew an airport shack over when the
 pilot opened the throteles to start taxiing from a

Airport Building Damage

L parked: position on the ramp. A woman inside
f the shack suffcred injuries and was hospitalized.
The shack was located 26 fee: from the ramp
ind scparated from it by a driveway 24 feet
twide, with chainlink fencing on both sides. As
shack was being blown about, it damaged 11
les parked in the driveway and seriously
d & number of people on the grow nd.

| another case, a jet blast blew over approx-
ly 200 feet of chainlink fence. Eight

Airport Btlildiug Damage

mobile metal pallets stareed rolling and came to
rest on top of the downed fence against a booth,
shattering its glass doors,

In still another case, a jet blast toppled a large
shack while a tug was pushing a DC-8 back from
a freight building, When the engines were revved
up, the plane was just to the rear of the shack.
The jet blast was directed towards the shack and

|
L‘
Po. .

Airport Ramp Damage
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the adjacent parking area. The shack rocked
violently and blew over only moments after
ground service people inside u.sc.npud. .umdnn.,
serious injury or possible death,

AIRCRAYT DAMAGIL

The first two accidents cited are believed 1o
be partially due o crosswind offect on jer blase.

A lighe aircrafe was taxiing into position for
t.tLvu!f Tie wind at the time was reported from
320° at 8 knots with gusts to 28 knots. About
two minutes before the accident, a large jet
transport was cleared for takeoff on the runway.
As the pilot of the light plane taxied into
takeoff position on a heading of approcimately
40°, strong gusts of wind shifted the jet's
takeofl blast into a position where it lifted the
light plane’s left wing upward. causing the air-
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craft to flip over and come to rest upside down.
F Although none of the occupants was injured, the
aieplane was substantially damaged.

Before the light plane was cleared into takeoff
position, however, the tower had cautioned the
pilot on possible wake turbulence from the
' dcparting Jet transpore, Ub\’imlsl)‘. the pilor did
not expect it betore he got into takeoff position,

In a second case, the pilot of a light plane was
- cleared to Runway 23 via 27 with winds at
240°, at 18 knots gusting to 30 knows, He
- complied with the clearance and received one
amendment to hold shore of a taxiway 1o allow
a four-cngine jet to proceed onto 27 bound for
- 23 ahead of che small aireraft.

At the time, the jet transport was in position
on 23 while the lighe plane was approximately

100 feet short of 23 on 27 heading west. Fifteen,

seconds from tiw time the jet transpore acknowl-
edged takeoff clearance, the pilor of the small
aircraft advised the tower that he was taking the
active runway. The tower acknowledged with a
caution of wake turbulence and surface winds.
At chis time, the small aircraft was approx-
imately 50 feet shore of the active runway,
beading west, and checking for possible traffic,
Suddenly the pilot fele the wheels rise from the
ground. He took corrective action by turning to
a northeast heading, but it was too late. The
aircraft struck the threshold lights on the left
side of the runway. entered a soft arca, and
overturiied with oxtensive damage,

Taxiirg behind large jets in terminal areas can
be very hazardous. For example, the pilot of a
ligllt aircraft was taxiing to a tiedown area after
landing. As he taxied past a farge maintenance
_hangar, his aircraft was upset by a Bocing 707
which was being runup by check crew me-
chanics. The 707 was positioned in frone of a
blast fence in an assigned runup arca. The No. 2
- engine was runming at 95 percent power, and
Na. 3 at 75 percent power.

4

Just before the accident, the ground meclnic
lookout attempred to advise the runup crew of
the approaching aircraft. However, due to a

Overturned Aircraft

headser failure, which affected the mouthpicee,
the lookout was unable to communicate with
the runup crew in the cockpit. As the dighter
plane taxied behind che 707 it Nipped over on
its back.

And i sill another case. a Cessna 130 was
blown over as it taxied behind a Bocing 727 jast
as the jet was preparing to depare from the

Sramp. The jee had started s cugines and was in

the process of receiving an instrument clearance
when its exhaust blew the Cessna over.

This accident mighe have been prevented if
the ground crewmen who were in telephone
contace with the jer pilot had advised him of
the approaching Cessna.

INFLIGHT ACCIDENTS

During takeoff, a twin-engine convmuter air-
craft drifted to the right of the runwar, Tost all
clevator control and crashea. e

b et e At ot A n 7 rmie e
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At‘curding o Crew shateimnents, lhv L'npilui WS
at the controks at the stare of the taheott run.
After takeoll, when the airplane was drifting to
the right and not climbirg fast cnough, the
captain ok over the controls amd applicd tuli
back clevator. The airplane started o climb
momentarily, then began to sinh rapidly as it

was losing clevator controb wd Finadly i crashed.

Rudder Damage

The nose landing gear was torn out, and the
nose section of the fuseloge was oarensively
buckled and torm as a resubt of the inpact. but
there were no injurics,

Examination of the flight controls disclosed
that the rudd-r lower trim tab was buckled and
bent over to the right, No impact marks were
found on che tab.

Lvestization of the olevator contral system
disclosed that the elevator push-rod assembly
had scparated. The rod and adapter had puiled
out of the tube assembly at the magneform joint.

Further investigation revealed that just before
the accident oceurred  the aircraft had been

parked for more thaz an hear in peneral

aviation  parking  arca. The plane's il was
positioned towates the airline serminal gates
from which large transport jets were operating,

Shoridy after the aireralt was jorhed, ajet
transport departed from the terminal gate and
was directed to make a left e which headed
its il dircctly toward the tail of the twin-engime
commuter aireratt.

The cause of the aceident was attributed to
jeo blast from the wansport and madegquate
prcﬂight inspection of the twin-engine commut-
er aircralt, Projper inspection might have dis
closed visible damage to the rudder tab.

Another  accident occureed  when a four
engine Jot crshed while attempting to abort a
tukvolt, '!'\\'Ul\l)'-nitlr Passenuer; and  crew-
members escaped from the sireras s However, 11
were treated for injuries and ene dicd Yoar davs
]‘.llcr.

The first officer was making the taheoff,
Paring the taheoft roll, he heard o loud report
o1 the right side ot the plane and febe a vaw and
newvement of the Hight controls as be passed a
twin-jet transport mired in the mud adjacent to
the runwav, He concluded that his airerafr Tad
struck the owinget and he attempted o abort
the takeott,

The aircraft passed bebind the owin-jer ae the
speed of approximately 135 knots. As the
twin jet applicd power in coavempt to ger out
of the mud, the jet-biast perpendicutar to the
takeoff planc's path cau «d a short-duration
compressor stall in the ™o, 4 engine. Although
the stall resulted in a loud report and the jet
blast apparently moved the flight controls. the
performance capabilitics of the aircraft were not
affected. However, che first officer, convineed
that a collision had orcurred. elected o abort
the takeoff. The aircraft ran approximarely 421
fect. The main landing gear was sheared, and the
aircraft was extensively damaged by ground slide

and five.
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The National Transportation Safery Board
' determined  that the probable cause of the
accident was the inability of the crew to abort
“suceesstully at their takeofl speed. The aborr,
however, was understandably nitiared because
- of the first officer’s belief that his plane had
collided with the twin-jet aircraft. A contribu-
ting factor was that the twin-jet crew advised the
tower that teir plane was clear of the runway
without carcfully ascertaining the facts. Actu-
ally, their aircraft was not at a safe distance
from another aircrafe taking off on that runway,

RECOMMENDATIONS

To protect the public. ground crew personne!
and other members of the aviation community
from accidents and injuries related to jet blase,

the Safety Board recommends that the Federal
Aviation Administration and other segments and
organizations in the aviation community:

(1) Reemphasize and communicate dircetdy
to airport designers and operators the liweards
associated with jet blast from wide-body air-
craft, with particular reference to protecting
passengers, ramp and maintenance personned,

(2) Reemphasize and communicate direcely
to operators of small aireraft, maintenance
ground crews and airport personnel wechniques
for u\'nidingjc[ blast.

In addition. the Board recommends that:

(3) In connection with the airport safety
inspection program, as required by the Airport
and Airways Development Act of 1970, the
FAA require incident reporting of events involv-
ing damagefinjury from jet blast during ground
opcration ot incident to ﬂigllt.

Damaged Transport Aircraft
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BY THE NATIONAL TRANSPORTATION SAFETY BOARLD:

/s]  JOHN H. REED
Chairman

Isf  FRANCIS 1. McADAMS
Memmber

fst LOUIS M. THAYER
Member

Isl  ISABEL A. BURGESS
Memboer

Jsi WILLIAM R. HALEY
Mcember

July 5, 1972,
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