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Pilot and Air Traffic Controller Guide
- Pullout Section

3-A

The purpose of the Pilot and Air Traffic Controller Guide — Pullout Section is to provide a more
convenient and concise source of wake-turbulence information for pilots and air traffic
controllers. The intentis for this Guide to be extracted or reproduced so that pilots and air traffic
controllers may have a readily available source of information regarding wake turbulence.
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3-A

Wake Turbulence Considerations

Encounters with wake turbulence can be avoided when pilots and air traffic controllers
employ various techniques and apply proper avoidance procedures. The following consider-
ations capture most of the concepts associated with avoiding an encounter with wake
turbulence. These considerations are not mandatory nor are they all derived from regulations
or directives. They do capture some basic principles that, if correctly considered, can help
aircraft avoid encounters with wake turbulence.

Consider the Positive Impact of;

1.

During VFR traffic pattern operations, lighter aircraft intercepting final approach up-
wind of heavier aircraft.

Following aircraft flying at or above the flightpath of the leading aircraft during approach.

Pilots of following aircraft landing beyond the touchdown point of a preceding heavier
aircraft.

Pilots of lighter aircraft taking off before the rotation point of a preceding heavier aircraft.

Consider the Negative Impact of;

1.

A leading heavier aircraft executing a steeper approach than that of a following lighter
aircraft.

A lighter aircraft flying within 1000 feet below the flightpath of a larger aircraft when
intercepting the final approach.

A lighter aircraft landing or departing on the downwind runway when a heavier aircraft
is using an upwind parallel runway that is within 2500 feet.

Visual approach clearances issued to a lighter aircraft that is rapidly overtaking and/
or operating behind and below the flightpath of a heavier aircraft.

Flying or allowing aircraft in the area below the final approach corridor.

App. 3-A.1
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3-A'1 Historical Examination of the
Wake-Turbulence Hazard
3-Al1l Growing Concern

Wake turbulence is a natural by-product of
powered flight, butwas notgenerally regarded
as a serious flight hazard until the late 1960s.
Upsets or turbulence encounters associated
with other aircraft were usually accredited to
“propwash” and later on, with “jet wash”.
Interestinthis phenomenon greatly increased
with the introduction of large wide-body tur-
bojet aircraft during the late 1960s. and a
concern about the impact of greater wake
turbulence. This was the impetus to conduct
research to gain additional information and
determine what safety considerations were
necessary as more and more large aircraft
entered the fleets.

3-A 1.2 Several Observations Made

= The strength of the wake turbulence is
governed by the weight, speed and wing-
span of the generating aircraft.

= The greatest strength occurs when the
generatingaircraftis heavy, atslowspeed
with a clean-wing configuration.

Initial flight tests produced sufficient infor-
mation aboutthe strength, durationand move-
ment of wake turbulence to come to
conclusions and recommendations on how to
avoid it. The wake was observed to move
down initially and then level off. It was never
encountered at the same flight level as the
generating aircraft or more than 900 feet be-
low the generating aircraft. Therefore, a fol-
lowing aircraft could avoid the wake
turbulence by flying above the flightpath of

the leading aircraft. While this can be accom-
plished in visual conditions, an alternative
was developed for instrument meteorologi-
cal conditions. Aircraft were placed into cat-
egories determined by their gross weight. It
was noted that a division based on the wing-
span of the following aircraft was a more
technically correct way to establish catego-
ries; however, it did not appear to be an easily
workable method. Since thereisacorrelation
between aircraft gross weight and wingspan,
gross weight was selected as a means of cat-
egorizing aircraft and wake-turbulence
strength. Minimum radar-controlled wake-
turbulence separation distances were estab-
lished for following aircraft. The separation
distances depend on the maximum gross cer-
tificated take-off weight of both the leading
and following aircraft. Adjustments in sepa-
ration distances were made as more informa-
tion on wake-turbulence phenomena was
gained during the 1970s, 1980s, and 1990s, but
the basic concept of using aircraft weights
remained constant.

Initially, the turbojets that were being pro-
duced fit cleanly into distinct categories with
logical break points. For example, heavy air-
craft such as the Boeing B-747, Lockheed L-
1011 and the Douglas DC-10 were clearly ina
class by themselves. There were very few
regional or business support size aircraft.
Today, there is almost a continuum of aircraft
sizes as manufacturers developed the “air-
craft family” concept and produced many
new transport and corporate aircraft. With
improved technology, heavieraircraftare pro-
duced with better aircraft performance allow-
ing them the use of shorter runways that
previously could only be used by smaller
aircraft. Additionally, a huband spoke mix of

App. 3-A.3
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Figure 3-A 1-1
Calculated initial
vortex strength

App. 3-A4

regional aircraftwith heavy jets, coupled with
an already active private and recreational air-
craft population, results in a range of wake-
turbulence strengths produced and potentially
encountered by a large variety of aircraft, as
illustrated below. (Figure 3-A 1-1).

Thewake-turbulence separation criteria, while
necessary, are currently a limiting factor in
several airport capacities. The FAA is work-

ing with NASA to develop and demonstrate
integrated systemstechnology for addressing
separation criteria. The thrust of the work is
to develop wake-turbulence prediction capa-
bility, sensors for detecting wake-turbulence
hazards on final approach and an automated
system to maximize operating efficiency while
maintaining safety standards.

The effort to gain more information about
wake turbulence continues.
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3-A 2 Review of Accidents and Incidents

National Transportation Safety Board data
show that between 1983 and 1993, there were
atleast51accidentsandincidentsinthe United
States that resulted from probable encounters
with wake turbulence. Inthese 51 encounters,
27 occupants were killed, 8 were seriously
injured, and 40 aircraft were substantially
damaged or destroyed. The following are
accounts of real events.

1. Apilot of a medium transport began his
take-off roll about 30 or 40 seconds be-
hind, and justasalarge transport rotated.
The large transport went straight ahead
and the pilot of the medium transport
started a left turn at 300 feet with 15
degrees angle of bank. The bank angle
violently increased to 30 degrees from the
apparent wake turbulence of the large
transport.

2. A Cessna Citation 550, on a visual ap-
proach, rapidly rolled left and contacted
the ground while in a near-vertical dive.
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The two crew members and six passen-
gers were killed. The Citation was about
2.78 nautical miles (about 74 seconds)
behind a B-757. The flightpath angle of
the Citation was 3 degrees and the
flightpath angle of the B-757 was 4.7 de-
grees.

Although radar data indicate that, at any
instant, the Citation was at least 600 feet
higher than the leading B-757 during the
last4 miles of the approach, the flightpath
of the Citation was actually at least 300
feet below that of the B-757.

The pilot of a Cessna 182 was executing
an approach to runway 32. The wind was
out of the south at 5 knots. The approach
ends of runways 32 and 35 are about 560
feet apart. The Cessna was at an altitude
of less than 100 feet above ground level
(AGL) when it crossed above the
flightpath of the B-757. The B-757 had
passed the crossing position about 38 sec-
onds prior to the Cessna 182. The pilot
proceeded “direct to the numbers” of run-
way 32 and passed above and behind a
“Boeing” that was on final approach to
runway 35. The Cessna experienced a
“burble,” and then the nose pitched up
and the aircraft suddenly rolled 90 de-
grees to the right. The pilot immediately
put in full-left deflection of rudder and
aileron and full-down elevator. As the
aircraft began to respond the aircraft
crashed short of the threshold of runway
32. The pilot and the two passengers
suffered minor injuries, and the aircraft
was destroyed.

A Gulfstream IV was descending. The
weather was clear with unlimited visibil-
ity and smooth air. At approximately
Flight Level 250, ATC advised the pilot of
traffic crossing from right to left. The
Gulfstream pilot sighted the traffic far
ahead. Atabout 15,000 feetand 300 knots,
the Gulfstream pilot reported that he felt
like he had "hit a 20 foot thick concrete
wall at 300 knots.” The passengers were

jettisoned to the ceiling and slammed to
the floor. The aircraft landed unevent-
fully.

A MD-88wasexecutingavisual approach
while following aB-757. Atabout 110 feet
AGL the roll angle reached 13 degrees
right wing down and the ailerons and
rudder were deflected about one-half of
full travel, 10 degrees and 23 degrees
respectively. The crew regained control
and the approach was continued to an
uneventful landing. The MD-88 was about
2.5 nautical miles (65 seconds) behind the
Boeing 757 while the flightpath of the
MD-88 was slightly below that of the B-
757. The flightpath angle of both aircraft
was 3 degrees.

The MD-88 flight crew had been issued a
visual approach clearance when the air-
craft was 4.5 nautical miles from the lead-
ing aircraft. However, the separation
quickly reduced to 2.5 nautical miles.

A Westwind rolled and crashed while on
a visual approach. The two crew mem-
bers and three passengers were killed.
The Westwind was about 1200 feet above
mean sealevel and 3.5 nautical miles from
the runway and was about 2.1 nautical
miles (60 seconds) behind a B-757. The
flightpath that was about 400 feet below
the flightpath of the B-757. The flightpath
angle of the Westwind was 3 degrees and
the flightpath angle of the B-757 was 5.6
degrees. CVR data indicate that the
Westwind pilots were aware they were
close to a Boeing aircraft and the aircraft
appeared high. They anticipated encoun-
teringalittle wake and intended to fly one
dot high on the glideslope.

Both aircraft were flying generally to-
ward the east and would have to make
right turns to land to the south. Data
show that the Westwind was 3.8 nautical
miles northeast of the B-757 when cleared
for a visual approach. The Westwind
started its right turn from a ground track

App. 3-A.5
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Figure 3-A 3-1
Wake turbulence
formation

App. 3-A.6

of 120 degrees while the B-757 ground
track remained at about 90 degrees. The
resultant closure angle started at 30 de-
greesand became greater as the Westwind
continued its turn. About 23 seconds
later, the B-757 was cleared for the visual
approach. The average ground speeds of
the Westwind and the B-757 were about
200 and 150 knots, respectively. The
Westwind was established on course 37
seconds ahead of the B-757. Althoughthe
combination of the closure angle and the
faster speed of the Westwind reduced
separation distance from about 3.8 nauti-
cal miles to about 2.1 nautical miles in 46
seconds, the primary factor in the de-
creased separation was the converging
ground tracks. The only way the pilot of
the Westwind could have maintained ad-
equate separation was to execute signifi-
cant maneuvers.

Based on radar data, at the time the visual
approach clearance was issued, the sepa-
ration distance was rapidly approaching
the 3 nautical miles required for IFR sepa-
ration. To prevent compromise of the
separation requirement, the controller
would have had to take positive action to
change the Westwind’s track, or to issue
the visual approach clearance and receive
confirmation that the pilot accepted the
visual approach within 29 seconds.

These cases are extreme wake-turbulence en-
counters. Inall cases, it was possible to avoid
the encounters if the pilots and air traffic
controllers had sufficient knowledge of wake
turbulence and applied properavoidance pro-
ceduresand techniques. Hopefully, thistrain-
ing aid will help prevent similar occurrences.

3-A3  Description/Characteristics of the
Wake-Turbulence Hazard
3-A3.1 Wake-Turbulence Formation

The phenomenon that creates wake turbu-
lence results from the forces that lift the air-
craft. High pressure air fromthe lower surface
of the wings flows around the wingtips to the
lower pressure region above the wings. A
pair of counter-rotating vortices are thus shed
from the wings, the right wing vortex rotates
counterclockwise, and the left wing vortex
rotates clockwise as shown in Figure 3-A 3-1.
This region of rotating air behind the aircraft
iswhere wake turbulence occurs. The strength
oftheturbulence is predominantly determined
by the weight, wingspan and speed of the
aircraft.
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The wake turbulence associated with helicop-
ters also results from high pressure air on the
lower surface of the rotor blades flowing
around the tips to the lower pressure region
above the rotor blades. A hovering helicopter
generates downwash from its main rotor(s) as

shown in Figure 3-A 3-2. In forward flight a
pair of downward spiraling vortices are thus
shed fromthe rotor blades, as shown in Figure
3-A 3-3. This region of rotating air below the
helicopter is where wake turbulence occurs.

Figure 3-A 3-2
Formation of
helicopter wake
turbulence (hover)

Figure 3-A 3-3
Formation of
helicopter wake
turbulence
(forward flight)

App. 3-A.7
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Figure 3-A 3-4
Velocity profile

App. 3-A.8

The early theories, pre-1970, describing air-
craft wake-vortex characteristics were very
simplistic. They stated that:

1) The vortex strength depended on the
size, weight, and speed of the aircraft;

2) The pairof vortices generally descended
after generation and would separate
when they approached the ground;

3) The vortex motion was substantially af-
fected by the ambient wind.

This section briefly summarizes the current
knowledge of the behavior of wake vortices.
Much has been learned about the characteris-
tics of vortices, but there are still gaps in our
understanding. The weight, wingspan and
speed of the aircraft determine the initial
strength and motion of the vortices; however,
the ambient atmosphere (wind, stability, tur-

bulence, etc.) eventually dictates the motion
and decay rate of the vortices.

3-A3.2

The general flow field of a vortex is approxi-
mately a circular flow and composed of the
following regions:

Velocity Flow Field

The core region of the vortex can range
from a few inches in diameter to several
feet. The outer edge of the core has the
maximum rotational velocity of the vor-
tex. The maximum core velocity may
exceed 300 ft/sec. The greatest maxi-
mum strength occurs when the aircraft
has a clean wing.

The outer region of the vortex is charac-
terized by a decreasing strength profile.
As seen in Figure 3-A 3-4 this region may
be as large as 100 feet in diameter.

May exceed
300 ft/sec
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3-A 3.3  The Hazard (Figure 3-A 3-5)

The usual hazard associated with wake tur-
bulence is that the induced rolling moment
can exceed the roll control of the encountering
aircraft. To evaluate the induced rolling mo-
ment, the overall profile of the vortex must be
combined with the aerodynamic characteris-
tics of the encountering aircraft. During
flight tests, aircraft were intentionally flown
into the vortex of a heavy aircraft. These tests
showed that the capability of an aircraft to
counteract the roll imposed by the vortex

Counter
control

primarily depends on the wingspan and the
control responsiveness of the encountering
aircraft.

Counter control is most effective and induced
roll minimal where the wingspan of the en-
countering aircraft is outside the rotational
flow field of the vortex. Counter control is
more difficult for encountering aircraft with
wingspans that are relatively shorter than
that of the generating aircraft. Pilots of short
span aircraft and high performance aircraft
must be especially alert to vortex encounters.

—k

Figure 3-A 3-5
Induced roll

App. 3-A.9
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Figure 3-A 3-6
Vertical motion out
of ground effect

Figure 3-A 3-7
Vertical motion in
ground effect

App. 3-A.10

Pilots have also reported “brick wall” en-
counters where the aircraft experiences a
rather abrupt displacement. These encoun-
ters seem to occur en route when the encoun-
tering aircraft crosses through the wake of the
generating aircraft.

3-A3.4 Vertical Motion of the Wake

The wake of an aircraft has behavioral charac-
teristics which can help the pilot visualize the
wake location and thereby take avoidance
precautions. The initial descent rate of the
wake is adequately described by classical

theory; the descent rate is determined by the
weight, flight speed and wingspan of the gen-
erating aircraft. Generally, vortices descend
at the initial rate of about 300 to 500 feet per
minute for about 30 seconds. The descentrate
decreases and eventually approaches zero at
between 500 and 900 feet below the flightpath.
Flying at or above the flightpath provides the
best method for avoidance. Maintaining a
vertical separation of at least 1000 feet when
crossing below the preceding aircraft may be
considered safe. This vertical motion is illus-
trated in Figure 3-A 3-6.

Flightpath

500 to 900 feet

Levels off in approximately
5 nm in approach configuration

On approach and takeoff the wake descends
below the flightpath until it enters ground
effectwhereuponthevorticesslowtheir down-
ward descent and move laterally as shown.
Typically, the wake’s descent will be arrested
within approximately 1/2 wingspan (50-100
feet for the B-747) of the ground. Below this

— 50 feet

height the wake does not completely form
into concentrated vortices and the turbulence
in the wake is weaker. Thus, the turbulence
level is reduced, but may still be a factor to
aircraft in the touchdown areas. This is illus-
trated in Figure 3-A 3-7.

No strong wake

Approach path
- 1600 feet »

w Wake
{ turbulence
'
1200
> oot — 50 feet
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3-A 35 Horizontal Motion of the Wake

The horizontal motion of vortices is dictated
by the ambient wind and the proximity of the
vortex to the ground.

At altitude, the wake’s horizontal motion is
determined by the velocity of the wind. On
approach and takeoff, the wake descends be-
low the flightpath until it enters ground effect
whereupon the vortices decrease their down-
ward descent and move laterally. With no

crosswind, the two vortices move apart to
clear the flightpath. Crosswinds of 1 to 5
knots can cause one vortex to remain near the
flightpath. A light quartering tailwind re-
quires maximum caution. However, a pilot
does not have the tools to determine that a
perfectly zero crosswind condition exists.
Crosswinds greater than 5 knots cause the
vortices to move quickly across the flightpath
and to break up. This is illustrated in Figure
3-A 3-8 below.

0 crosswind
T=0sec
100 — g
= T =10 sec
< T =20sec
300 200 100 0 100 200 300 Ground plane, feet
T =Time
3-knot crosswind
T=0sec
100 —
T=10sec
T=20sec
300 200 100 0 100 200 300 Ground plane, feet
T=Time
6-knot crosswind
T=0sec
100 —
T =10 sec
T =20 sec
300 200 100 0 100 200 300 Ground plane, feet
T=Time

Figure 3-A 3-8
Horizontal motion
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Vortices have been found to move laterally as
much as 1500 feet under certain conditions,
but with seemingly weak strengths at the
larger lateral distances. Additionally, under
some crosswind conditions, vortices have been
observed to “bounce” (i.e., descend toward
the ground and then later begin to rise up
somewhat).

3-A 3.6

The decay process of the wake is complex and
isstrongly influenced by the atmospheric con-
ditions. The decay process is driven by the
following factors:

Decay Process

Atmospheric Turbulence. Atmospheric
Turbulence plays a significant role in
the decay of the vortex. Atmospheric
turbulence imparts viscous forces on
the wake. These forces extract energy
from the vortex, thus reducing its
strength. The heavier the turbulence,
the quicker the wake decays.

Viscous Interactions. The viscosity of
the atmosphere slowly extracts energy
from the vortex, thus reducing its
strength.

Buoyancy. An upward force acts on the
vortex as a result of the density inside
being lower than the density outside
the vortex. This force also slowly ex-
tracts energy from the vortex; thus, re-
ducing its strength.

Vortex Instability. A small amount of
turbulence in the atmosphere can create
an instability in the vortex pair that
causes the vortices to link. When the
vortices link, the strength of the pair
decays rapidly.

3-A 4  Air Traffic Control

Responsibilities for Maintaining
Aircraft Separation*

Air traffic controllers play a large role in as-
suring that aircraft avoid wake turbulence
since pilotsare unable to visually apply avoid-
ance procedures during IMC. Controllers,
while providing radar vector service, are re-
sponsible for applying the wake-turbulence
longitudinal separation distances between IFR
aircraft and to VFR aircraft.

3-A4.1  Wake-Turbulence Cautionary

Advisories

Air traffic controllers are responsible for pro-
viding cautionary wake-turbulence informa-
tion to assist pilots prior to their assuming
visual responsibility for avoidance. Control-
lers must issue wake-turbulence cautionary
advisoriesand the position, altitude if known,
and direction of flight of heavy jets or B-757s
to:

a. VFR aircraft not being radar vectored,
but which are behind heavy jets or B-
757s.

b. VFR arriving aircraft that have previ-
ously been radar vectored and the
vectoring has been discontinued.

c. IFRaircraftthatacceptavisual approach
orvisual separation and VFR aircraft not
being radar vectored, but which are be-
hind heavy jets or B-757s.

Air traffic controllers should also issue cau-
tionary information to any aircraft, if in their
opinion, wake turbulence may have an ad-
verse effect on it. When traffic is known to be
a heavy aircraft, the word "heavy" should be
included in the description.

3-A 4.2

Withinthe terminal area, IFR aircraft are sepa-
rated by 3 miles when less than 40 miles from
the terminal antenna. A 2.5 nautical mile
separation is authorized between certain air-
craft which is established on the final ap-
proach course within 10 nautical miles of the
landing runway.

Radar/Approach Controllers

*The information provided in Section 3-A 4 is compatible with FAA air traffic directives.
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Wake-turbulence procedures specify in-
creased separation minima required for cer-
tain classes of aircraft because of the possible
effect of wake turbulence. Refer to Appendix
4-F for FAA, United Kingdom and ICAO IFR
radar controlled wake-turbulence separation
criteria.

3-A 43

Tower controllers are responsible for runway
separation for aircraft arriving or departing
the airport. Tower controllers do not provide
visual wake-turbulence separation to arrival
aircraft. That is the pilot’s responsibility.
Tower controllers do provide wake-turbu-
lence separation for departing aircraft by ap-
plying time intervals. Pilots may request a
waiver tothe wake-turbulence departure sepa-
ration and the tower controller will then issue
a “caution wake turbulence” advisory and
clear the aircraft for takeoff provided no other
traffic conflict exists.

Tower Controllers

3-A 4.4  Wake-Turbulence Separation

for Departing Aircraft

Air traffic controllers are responsible for ap-
plying appropriate wake-turbulence separa-
tion criteria for departing aircraft. They will
inform the pilot when it is necessary to hold
an aircraft to provide the required wake-tur-
bulence separation. The proper communica-
tion phraseology is “hold for wake
turbulence.” Pilots may request a waiver to
deviate from the criteria. A pilot request for
takeoff does not initiate a waiver request un-
less it specifically includes a request to devi-
ate from the required wake-turbulence
interval.

3-A 45  Wake-Turbulence Departure

Separation Criteria

Separation criteria (listed by aircraft wake-
turbulence weight categories and runway situ-
ation) are as follows:

= Same or parallel runways separated less
than 2500 feet:

- Small/large/heavy behind heavy - 2
minutes (same direction).

- Small/large/heavy behind heavy - 3
minutes (opposite direction or inter-
section departure).

= Same runway:

- Small behind large - 3 minutes (oppo-
site direction or intersection
departure).

Note: Aircraftconductingtouch-and-goand
stop-and-go operations are considered to be
departing from an intersection.

« Intersecting runways:

- Small/large/heavy behind heavy - 2
minutes (projected flightpaths cross
or departure will fly through airborne
path of arrival).

3-A4.6

Aircraft may be separated by visual means
when other approved separation is assured
before and after the application of visual sepa-
ration. To ensure that other separation will
exist, air traffic controllers should consider
aircraft performance, wake turbulence, clo-
sure rate, routes of flight and known weather
conditions. Reported weather conditions must
allow the aircraft to remain within sight until
other separation exists. Controllers should
not apply visual separation between succes-
sive departures when departure routes and/
oraircraft performance preclude maintaining
separation.

Visual Separation

3-A 4.7  Visual Separation - Terminal

Area

Visual separation may be applied between
aircraft under the control of the same facility
within the terminal area provided:

a. Communication is maintained with at
least one of the aircraft involved or the
capability tocommunicate isimmediately
available; and the aircraft are visually
observed by the tower controller and vi-
sual separation is maintained between
the aircraft by the tower controller.

b. A pilot sees the other aircraft and is in-
structed to maintain visual separation
from the aircraft as follows;

(1) The pilotis informed about the other
aircraft, including position, direction
and, unless it is obvious, the other
aircraft’s intention.

App. 3-A.13
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(2) Acknowledgment is obtained from
the pilot that the other aircraft is in
sight.

(3) The pilot is instructed to maintain
visual separation from the other air-
craft.

(4) The pilot is advised if the radar tar-
gets appear likely to converge.

(5) Iftheaircraftareconverging, the other
aircraft is informed of the traffic and
that visual separation is being ap-
plied.

The tower controller shall not provide visual
separation between aircraft when wake-tur-
bulence separation is required or when the
lead aircraft is a B-757.

3-A4.8

Air traffic controllers may use visual separa-
tion in lieu of radar separation in conjunction
with visual approach procedures. Refer to
Section 3-A 4.6 for those procedures.

Visual Separation - En Route

3-A 49  Visual Separation -

Nonapproach Control Towers

Nonapproach control tower controllers may
be authorized to provide visual separation
between aircraft within surface areas or des-
ignated areas provided other separation is
assured before and after the application of
visual separation. This may be applied by the
nonapproach control tower providing the
separation or by a pilot visually observing
another aircraft and being instructed to main-
tain visual separation with that aircraft.

3-A5 Pilot Responsibilities for

Maintaining Wake-turbulence
Separation

Pilots and air traffic control share the respon-
sibility for assuring that aircraft avoid wake
turbulence.

3-A5.1 Who Does What and When

There is clear delineation of who and when
responsibility is assumed for avoiding wake
turbulence. The pilotisresponsible foravoid-
ing wake turbulence when:

a. flyingin VFR and not being vectored by
ATC.

b. maintaining visual separation.

c. cleared for a visual approach.

Air traffic control (ATC) assumes wake-tur-
bulence responsibility while providing the
pilot instrument flight rules (IFR) control in
instrument meteorological weather conditions
and when vectoring VFR aircraft. A discus-
sion of several situations will help to clarify a
pilot's responsibility.

When the pilot is being radar controlled by
ATC, the aircraft will be spaced, for wake
turbulence, behind a preceding aircraft at a
distance determined by the weights of the
two aircraft. Based on the known movements
of wake turbulence, this separation has been
successful in preventing wake-turbulence en-
counters. The minimum separation is de-
signed not only to allow time for the wake
turbulence to begin to dissipate, but also to
allow time for it to descend below the follow-
ing aircraft's flightpath. Longitudinal separa-
tion is but one element of avoidance. If VFR
weather conditions exist when ATC is pro-
viding radar control, the pilot is not relieved
of the responsibility for assuring the flightpath
will avoid an encounter with wake turbu-
lence. If instrument meteorological condi-
tions (IMC) exist, only the ATC established
separation distances are available to prevent
wake-turbulence encounters, since the pilotis
unable to visually apply avoidance proce-
dures.
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When it is operationally beneficial, ATC may
authorize the pilot to conduct a visual ap-
proach to an airport or to follow another
aircraft in VFR weather. The pilot must have
the airport or an identified preceding aircraft
in sight before the clearance is issued. If the
pilot has the airportin sightbut cannot see the
aircraft he or she is following, ATC may still
clear the aircraft for a visual approach; how-
ever, ATC retains both normal separation and
wake-turbulence separation responsibility.
When the pilot is able to visually follow a
preceding aircraft, and accepts the visual ap-
proach clearance, this transfers responsibility
for avoiding wake turbulence to the pilot. To
summarize this point, the pilot accepts wake-
turbulence avoidance responsibility when:

a. ATC instructions include traffic infor-
mation,

b. instructionstofollowanaircraftaregiven
and the pilot is able to comply, and

c. the pilot accepts the visual approach
clearance.

ATC is also responsible for assuring proper
wake-turbulence separation before issuing
clearance for takeoff by applying time and
distance intervals. Pilots, after considering
possible wake-turbulence effects, may spe-
cifically request a waiver to the interval. Con-
trollers may acknowledge this request as
acceptance of responsibility for wake-turbu-
lence separation. If traffic permits, take-off
clearance will be issued. A wake-turbulence
cautionary advisory will be given.

During cruise flight in VFR weather, altitude
separations could be as little as 500 feet be-
tween IFR and VFR aircraft. In this situation
the same principle applies: pilots must use
proper avoidance procedures.

3-A5.2 Communications

To aid other pilots and ATC within FAA
controlled airspace, pilots of heavy aircraft
should always use the word “HEAVY” in
their radio communications. Radio commu-
nications are usually country specific; there-
fore, pilots should check appropriate
regulations regarding wake turbulence prior
tooperationsoutside FAA controlled airspace.

ATC is required to provide a "CAUTION
WAKE TURBULENCE" advisory when VFR
aircraft are not being radar vectored and are
behind heavy jets or B-757s and to IFR aircraft
that accept visual separation or a visual ap-
proach. ATC controllers may also issue a
wake-turbulence caution when, in their opin-
ion, wake turbulence may have an adverse
effect on an aircraft following another air-
craft. Because wake-turbulence movementis
variable, the controller is not responsible for
anticipating its existence or effect.

Wake-Turbulence Recommended
Visual Avoidance Procedures

3-A6

It would be easy to avoid wake turbulence if
it could be seen. Although under certain
atmospheric or artificially generated condi-
tionsitis possible to see wake turbulence, this
is not the normal situation. Therefore, pilots
must rely on their knowledge of the behavior
or characteristics of wake turbulence to visu-
alizethe wake location so thatthey may imple-
ment avoidance procedures. These
procedures have been developed for various
situations. It is important to note that the
procedures require pilots to adjust their op-
erations and flightpath to preclude wake en-
counters. Aircraft performance should be
considered during the decision process of
applying the procedures. Generally, the pro-
cedures were developed to assist pilots in
avoiding the area below and behind the gen-
erating aircraft. A go-around may be the
appropriate solution in some situations.

App. 3-A.15
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3-A6.1 Specific Procedures

3-A6.1.1 Landing Behind a Larger
Aircraft - Same Runway
(Figure 3-A 6-1)

= Stay at or above the larger aircraft’s final
approach flightpath.

< Note its touchdown point.

Wind

Figure 3-A6-1
Landing behind a
larger aircraft

- same runway

= Land beyond the touchdown point, run-
way length permitting.

= If unable to land safely beyond the touch-
down point, go around.

Touchdown point of
larger aircraft

Ap 4
<y <Yy

Planned touchdown point
of following aircraft

Planned touchdown point
of following aircraft

Touchdown point of
larger aircraft

App. 3-A.16
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3-A6.1.2 Landing Behind a Larger
Aircraft - Parallel Runway
Closer Than 2500 Feet
(Figure 3-A 6-2)

= Consider possible wake-turbulence
to your runway.

= Stay at or above the larger aircraft’s final
approach flightpath.

= Note its touchdown point.

drift

©

~T N .
VAT 1 Figure 3-A 6-2
i Landing behind a
E Less tran 2500 feet Iarger aircraft -
- - - - — - T Q E=+r—\ 1 parallel runway
Ry \ closer than 2500
Touchdown points feet
Parallel Runway Situation wind
— I
E Less tran 2500 feet
Y o . Cg - - - :_4\\
£E SN |
Touchdown points
Offset Runway Situation
3-A6.1.3 Landing Behind a Larger
Aircraft - Crossing Runway
(Figure 3-A 6-3)
= Cross above the larger aircraft’s flight-
path. A
. A B 1
= Consider lateral and vertical motion of !
wake turbulence. ! Figure 3-A 6-3
F:§ Landing behind a
= If unable to land safely, go around. ! departing larger
L1 aircraft - crossing

runway

3|6

s

Aircraft crossing over
wake turbulence

App. 3-A.17
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Figure 3-A6-4
Landing behind a
departing larger
aircraft - same
runway

Figure 3-A 6-5
Landing behind a
departing larger
aircraft - crossing
runway

Figure 3-A 6-6
Landing behind a
departing larger
aircraft - crossing
runway

App. 3-A.18

3-A6.1.4 Landing Behind a Departing
Larger Aircraft - Same Runway
(Figure 3-A 6-4)

= Note the larger aircraft’s rotation point.

= Land priorto rotation point, or go-around.

P
Planned / . ) /
Rotation point

touchdown
point

3-A6.1.5 Landing Behind a Departing
Larger Aircraft - Crossing
Runway (Figure 3-A 6-5,-6)

= Notethe larger aircraft’s rotation point. If
past the intersection, continue the ap-
proach and land prior to the intersection.

= If larger aircraft rotates before the inter-
section, avoid flightbelow larger aircraft’s
flightpath. Abandon the approach unless
a landing is assured well before reaching
the intersection.

F

S Touchdown here
/0\‘[/ or abandon approach
/

PV
DAS

\

\ Rotation point
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3-A6.1.6 Departing Behind a Larger = Continue climb above the larger aircraft’s
Aircraft (Figure 3-A 6-7,-8,-9) climb path until turning clear of its wake.
Caution: This may not be possible be-

= Note the larger aircraft’s rotation point. >
9 P cause of the larger aircraft’s performance.

= Delay, do not begin take-off roll unless
your rotation point will be prior to the
larger aircraft’s rotation point.

= Avoid subsequent headings which will
cross below and behind a larger aircraft.

= Be alert for any critical take-off situation
which could lead to a wake-turbulence
encounter.

= Climb displaced upwind of larger air-
craft.

Large
aircraft

Small aircraft

—___-----....
-
-~

Critical take-off situation

Small aircraft

- ———————————

Figure 3-A 6-7
Departing behind a
larger aircraft -
same runway

Figure 3-A6-8
Departing behind a
larger aircraft -
crossing departure
courses

Figure 3-A 6-9
Departing behind a
larger aircraft -
opposite direction

App. 3-A.19
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3-A6.1.7 Intersection Takeoffs - Same
Runway (Figure 3-A 6-10)

= Be alert to adjacent larger aircraft opera-
tions, particularly upwind of your
runway.

= If intersection take-off clearance is re-
ceived, avoid headings which will cross
below a larger aircraft’s path.

= Ensureyour rotation pointis before larger
aircraft's rotation point, or delay takeoff.

Rotation point WMMM&

Figure 3-A 6-10
Intersection

takeoffs - same
runway

App. 3-A.20
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3-A6.1.8 Departing or Landing After a
Heavy Aircraft Executing a Low
Approach, Missed Approach, or
Touch-and-Go Landing
(Figure 3-A 6-11)

= Ensure that an interval of at least 2 min-
utes has elapsed before your takeoff or
landing.

Take-off or landing hazard

3-A6.1.9 En Route Within 1000 Feet
Altitude of a Large Aircraft's
Altitude (Figure 3-A 6-12)

= Avoid flight below and behind a large
aircraft’s path.

Wind

= If a larger aircraft is observed above and
on the same track (meeting or overtak-
ing), adjust your position laterally,
preferably upwind.

Figure 3-A6-11
Departing or
landing after a
heavy aircraft
executing a low
approach, missed
approach, or
touch-and-go
landing

Figure 3-A6-12
En route VFR
(1000-foot
altitude plus 500

feet)

App. 3-A.21
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Figure 3-A 6-13
Helicopter
hover- produced
downwash

Figure 3-A 6-14
Helicopter forward
flight-produced
wake turbulence

App. 3-A.22

3-A 6.2  Avoiding Helicopter Outwash

Vortices

In a slow hover taxi or stationary hover near
the surface, helicopter main rotor(s) generate
downwash producing high velocity outwash
vortices to a distance approximately three
times the diameter of the rotor. When rotor
downwash contacts the surface, the resulting
outwash vortices have behavioral character-
istics similar to wingtip vortices of fixed-wing
aircraft. However, the vortex circulation is
outward, upward, around and away from the
main rotor(s) in all directions. Pilots of small
aircraft should avoid operating within three
rotor diameters of any helicopter thatis in a
slow-hover taxi or stationary hover (Figure 3-
A 6-13).

In forward flight, departing or landing heli-
copters produce a pair of strong, high-speed
trailing vortices similar to wingtip turbulence
of larger fixed-wing aircraft. (Figure 3-A 6-14)
Pilots of small aircraft should use caution
when operating behind or crossing behind
landing and departing helicopters. Addition-
ally, it is possible for the wake turbulence
from a helicopter that hovers upwind of a
runway to drift towards the runway.

In certain situations, ATC will use the phrase,
*“caution, wake turbulence.” Pilots must be
aware that whether or not a warning has been
given, they are expected to adjust their opera-
tions and flightpath as necessary to preclude
serious wake encounters.

//g\\f
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3-A7  Pilot Difficulty in Visually
Maintaining Separation
3-AT7.1 Flightpaths

Areview of accidents and incidents involving
wake turbulence reveals a recurring problem
that pilots routinely must solve duringarrival
and landing. Traffic and airspace as well as
other considerations require the establishment
of flight patterns for sequencing aircraft for
landing. These patterns are designed to ac-
commodate arrivals from several directions,
aswell asapproaches and landings under IFR
and VFR weather conditions. Pilots may fly
visual approaches when weather conditions
permit and authorized by ATC at controlled
airports. The pilot is then solely responsible

for avoiding the wake turbulence when other
aircraft are present by staying at or above the
flightpath of any aircraft they may follow.
The task of maintaining a proper visual rela-
tionship with the lead aircraft becomes greater
and more complicated when aircraft of differ-
ent sizes and speeds, approaching from vari-
ous altitudes and directions, are involved.
These complexities increase the difficulty in
maintaining the appropriate flightpath.

Even though the leader aircraft is currently
below you, do not assume that the flightpath
of the leader aircraft is below you. It is quite
possible that the leader aircraft varied its de-
scentrate, especially during the initial portion
of its approach (Figure 3-A 7-1).

Actual flightpath
(leader)

Visual determination that the leader
aircraft is lower; therefore, wrongly
assumes it is above the flightpath of
the lead aircraft

Figure 3-A 7-1
Steeper flightpath
by leader aircraft

App. 3-A.23
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3-A7.2 Use of ILS Glideslope

When available to the pilot, the ILS glideslope
can be a starting point for assistance in deter-
mining the flightpath of aleader aircraft; how-
ever, it is not foolproof. In fact, the leader
aircraftmay have intercepted and flown above
the glideslope for wake-turbulence avoidance
or other reasons.

3-A73 Visual Illusions

Pilots can experience visual illusions for sev-
eral reasons. Different aircraft sizes can make
it difficult for pilots to determine distances or
rates of closure with a leader aircraft. Addi-
tionally, the body attitudes of some aircraft
significantly change as airspeed is reduced.
The change in aircraft body attitude can give
theillusion of achange in flightpath. Aircraft
approaching from different directions and
altitudes while turning to final approach is
another situation where itis difficult for pilots
to determine what the leader’s flightpath was
or will be when becoming aligned behind the
leader.

3-AT74 Darkness/Reduced Visibility

Determining the leader aircraft’s flightpath
during darkness can be difficult for pilots.
Depth perception is inhibited and pilots may
have to rely only on the leader aircraft’s light-
ing when ascertaining its flightpath. Itisalso
difficult to determine flightpaths during re-
duced visibility caused by weather condi-
tions.

3-A75 Instrument to Visual Situation

Changing from an instrument approach to a
visual approach and landing, when condi-
tions permit, is routinely accomplished. The
pilot’s situational awareness up until the time
of transition from IMC to VMC is usually
limited to information received from radio
communications. While ATC will issue infor-
mation and cautionary instructions, the pilot
must be prepared to react to the traffic situa-
tion and apply proper avoidance procedures.

3-A8  Pilot Techniques for Visually
Maintaining Separation
3-A8.1 General

The wake-turbulence avoidance procedures
discussed in Section 3-A 6 are effective when
properly used. To properly apply avoidance
proceduresand techniques, itis important for
pilots to know and understand the character-
istics and movement of wake turbulence dis-
cussed in Section 3-A 3. Normally, it is not
possible for pilots to know the precise loca-
tion of wake turbulence. Pilots must there-
fore avoid the area below and behind larger
aircraft flightpaths, especially at low altitude
where even a momentary wake encounter
could be hazardous. While this is not always
easy to do, there are some techniques that
may be used. Pilots should always consider
their aircraft performance when avoiding
wake turbulence since several proceduresand
techniques may require some adjustments to
routine operations. Notification of ATC may
also be necessary.

For pilots to be able to avoid wake turbulence
by staying on or above the flightpath of the
leaderaircraft, trailing pilots must make some
assumptions on where the leader has flown
since there is no available visual reference.
The use of visual glideslope indicators such as
VASI or PAPI or instrument precision ap-
proach aids, when possible, will assist in es-
tablishing and maintaining anormal approach
flightpath* and runway centerline course. If
external aids are not available and obstacles
are not a factor, a descent rate of 300 feet per
nautical mile traveled approximates a 3-de-
gree flightpath. The aircraft should be stabi-
lized on a flightpath not later than 500 feet
AGL. Air traffic controllers and pilots must
understand that accomplishing a steep de-
scent may have serious ramifications for trail-
ing aircraft with regard to wake turbulence.

*Heavy wide-body aircraft pilots routinely fly the upper two rows of VASI lights.
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3-A 8.2  Visual Cues for Estimating

Leader’s Flightpath

One way to determine the flightpath that the
leader has flown is to extend an imaginary
line from your position to the runway normal
touchdown point (Figure 3-A 8-1). If the

leader aircraft is above this line, you are be-
low its flightpath. Conversely, if the leader
aircraft is on or below the imaginary line, you
are on or above its flightpath. This technique
assumes the leader has flown a consistent
flightpathand isusing anormal runway touch-
down point.

~ " Below leader’s flightpath

Above leader’s flightpath

-

Normal touchdown point

While following an aircraft, extending an
imaginary line from your aircraft through the
leader to the runway should end at the nor-
mal runway touchdown point (Figure 3-A 8-
2). If itends at a point down the runway, the

trailing aircraft is probably below the leader's
flightpath. If the imaginary line extension is
prior to the touchdown point, e.g., in the
overrun, thetrailingaircraftis probably above
the leader's flightpath.

v :

Normal
angle of T/D touchdown
if following point

Visual sight

aircraft is below
leader flightpath

Visual sight
angle of T/D

if following
aircraft is above
leader flightpath

Figure 3-A 8-1
Determining
flightpath of leader
using imaginary-
line-extension
method

Figure 3-A8-2
Determining if
follower is above or
below leader

App. 3-A.25
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Table 3-A 8-1
Deviation from
standard 3-degree
glideslope

Table 3-A 8-2
Localizer deviation

App. 3-A.26

3-A 8.3 Using ILS Glideslopes for
Vertical Separation

(Table 3-A 8-1)

When ILS approaches are being used, consid-
eration may be made by the pilot of the trail-
ingaircrafttofly atorabovethe ILS glideslope.
This assumes the leader aircraft is positioned
on the glideslope. Be alert! This assumption

isnotalways valid. A nose high pitch attitude
of the leader aircraft should not be used as an
indicator of glideslope position because pitch
attitudes vary amongaircraft typesand manu-
facturers. Table 3-A 8-1 provides distance in
feet for degrees in deviation from the glides-
lope and illustrates position relative to the
glideslope.

Miles from touchdown (nm)

5 4 3 2 1

One-dot (1/4 degree) deviation
Two-dot (1/2 degree) deviation

260" 208" 156

26'
52'

130" 104 78' 52'

104

Note: The relative distance from the glideslope becomes quite insignificant close
to the runway.
3-A84 Using ILS Localizer for Lateral leader’s wake turbulence. This assumes the

Separation

During crosswind conditions, pilots may con-
sider flying offset on the upwind side of the
localizer centerline asa means of avoiding the

leader is flying on the localizer course. Table
3-A 8-2 can be used to determine offset dis-
tance in feet for degrees in deviation from the
localizer course.

Miles from touchdown (nm)

5 4 3 2 1

One-dot (1-1/4 degree) deviation
Two-dot (2-1/2 degree) deviation

1

308'
617"

838" [f06' bB73
677" 1412' 1047

441"
382’
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3-A 85 Longitudinal Separation

Pilots may also establish longitudinal separa-
tion from a leader aircraft so as to allow time
for the wake turbulence to move or dissipate.
Judging in-flight distances is not always easy
to do because different aircraft sizes can be
visually deceiving to the pilot.

3-A 8.5.1 Air Traffic Control Assist

Airtrafficcontrollersare able to provide sepa-
ration distance information to pilots when
workload permits and they have radar dis-
plays in the control tower. They can provide
airspeed differential between aircraftand may
advise pilots following another aircraft when
they are overtaking the preceding aircraft.

3-A 8.5.2 On-board Radar

Aircraft equipped with radar may have the
capability to determine separation distances
from other aircraft. Caution: Be careful notto
focus attention on the radar at the expense of
outside visual scans.

2.10.5.3 Time and Distance Methods

A technique available for the pilot of the fol-
lowing aircraft is to start timing the leader
aircraft when it or its shadow passes a recog-
nizable geographical reference point. Radio
call points can also be used for timing refer-
ences. Determine the amount of time it takes
for the followingaircraftto pass over the same
point. Convert that time into distance. For
example, if it took three minutes and the
following aircraft’s ground speed was 120
knots (two miles per minute), then the dis-
tance between the two aircraft is six miles.

Most heavy and large aircraft produce some
smoke from the tires during touch down on
landing. Pilots of trailing aircraft, upon ob-
serving the smoke, can estimate their own
position from touch down as well as deter-
mining a point to land beyond. Knowing the
distance from the runway to an instrument
final approach fix or an available landmark
can be helpful in determining relative dis-
tances.

3-A 8.6 Establishing Longitudinal

Separation

There are several ways to increase separation
distances while following an aircraft on final
approach. Several factors should be consid-
ered before implementing these techniques:
aircraft performance, in-flight visibility, other
traffic in the pattern as well as those that are
taking off or preparing to takeoff, notification
of ATC, etc.

Airspeed reduction is an obvious choice of
most pilots, but usually is limited to small
changes because of aircraft performance or
ATC restrictions. Pilots must not reduce air-
speed below the aircraft’s minimum safe op-
erating speed. Also, recovery from an
inadvertent wake-turbulence encounter is
more difficult at slower airspeeds. For plan-
ning purposes, most transport category air-
craft final approach speeds are between 120
knots to 150 knots.

Flying “S” turns is another way to gain sepa-
ration.

A 360-degree turn will greatly increase the
distance from the leader, but the impact on
other aircraft may preclude its use.

The decision to abort the approach or landing
and go around is always an alternative for
avoiding wake turbulence.

3-A 8.7 Radio Communications

Listening to all radio communications (not
just those directed to you) can be helpful in
providing information thatcanimprove wake-
turbulence situational awareness. Prior to
entering a visual traffic pattern or initiating
an instrument approach, radio communica-
tions between ATC and other aircraftcanalert
pilots to where they may fit in the landing
sequence or what type aircraft they may fol-
low. Takeoffand landing clearances for other
aircraft provide pilots information that can be
useful for spacing considerations as well as
anticipating the location of generated wake
turbulence. Do not overlook any information
that can aid planning and flying an approach,
landing or go-around.

App. 3-A.27
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3-A 8.8 Estimating Movement of Wake

Turbulence

Basic surface wind indications can aid pilots
with estimating the movement of wake tur-
bulence. Blowing dust, smoke or wakes on
lakes and ponds provide indications that may
be used in determining wind direction which
may be applied to wake-turbulence move-
ment. Use any on-board avionics equipment
i.e., inertial reference, Doppler radar, global
positioning system, etc. to determine wind
direction. Aircraft drift angles will also give
the pilot an indication of wind direction.

3-A9  Pilot Responses Upon

Encountering Wake Turbulence

An encounter with wake turbulence usually
results in induced rolling or pitch moments;
however, inrare instances an encounter could
cause structural damage to the aircraft. In
more than one instance, pilots have described
an encounter to be like “hitting a wall”. The
dynamic forces of the vortex can exceed the
roll or pitch capability of the aircraft to over-
come these forces. During test programs, the
wake was approached from all directions to
evaluate the effect of encounter direction on
response. One item that was common to all
encounters, without a concerted effort by the
pilot the aircraft would be expelled from the
wake. While this information provides a bet-
terunderstanding of wake turbulence, its use-
fulness is limited since wake-turbulence
encounters are inadvertent and pilots will not
be aware of their entry location.

Counter control is usually effective and in-
ducedrollis minimal in cases where the wing-
span and ailerons of the encountering aircraft
extend beyond the rotational flow field of the
vortex. It is more difficult for aircraft with
short wingspan (relative to the generating
aircraft) to counter the imposed roll induced
by the vortex flow. Pilots of short span air-
craft, even ofthe high performance type, must
be especially alerttowake-turbulence encoun-
ters.

It may be difficult or impossible for pilots to
differentiate between wake turbulence and
turbulence generated from another source.
Apply appropriate corrective action if wake

turbulence is encountered. A wake-turbu-
lence encounter at low altitude is much more
hazardous than an encounter at cruise alti-
tude or early during the approach phase of
flight.

3-A 10 Cooperative and Efficient
Management of Capacity

The worldwide number of aircraft continues
to increase each year for reasons that reach
from the desire for greater recreational use to
responding to commercial demand. As this
number increases, so must the necessary sup-
port or infrastructure. The critical or limiting
factor of this infrastructure continues to
change. For example, in the early years of
aviation, the small number of runways often
limited where a pilot could land. As more
runways were built, adverse weather became
the critical element which was slowly over-
come with the advent of better and better
terminal approach aids and air traffic sys-
tems. We have evolved from few pilots to
many pilots; from few air traffic controllers to
many air traffic controllers. Most of the lim-
iting factors have gradually been mitigated
though improved technology. Currently,
wake turbulence and the application of exist-
ing IFR separation and avoidance procedures
are a limiting factor at many major airports.
This situation, coupled with high air traffic
density, creates an environment that requires
pilots and air traffic controllers to cooperate
to safely and efficiently conduct flight opera-
tions.

Air traffic controllers should understand that
many times the pilot’s situational awareness
is limited to information provided by ATC
until the pilot enters visual meteorological
conditions. This meansthatinitially it may be
difficult for pilots to visually detect whether
they may be overtaking the leader aircraft or
where they are, relative to the leader’s
flightpath. Any pertinent information that
can be given to the pilot during a radar con-
trolled arrival, will help the pilot transition to
a visual approach and landing.

Delaying a pilot’s descent increases the cock-
pit workload and difficulty in accomplishing
anormal approach for landing. A higher than
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normal approach can impact trailing aircraft.
The leader aircraft may not be aware of trail-
ing aircraft or of their position.

Pilots can assist ATC in several ways. One
way is to understand that ATC is continually
challenged in sequencing arrivals with de-
partures, planning for different aircraft with
different performance characteristics and ap-
plying wake-turbulence separation criteria.
A pilot who initiates an unusual request or
makes a change in his/her flight operations
from what is normally expected by ATC, will
probably increase an already high workload
for most controllers at major airports. Early,
precise and disciplined radio communications
with ATC improves the flow of vital informa-
tion.

Wake turbulence is one of many factors that
pilots and air traffic controllers must over-
cometo fly safely. Ittakes cooperation among
pilots and air traffic controllers and under-
standing of each other’s requirementsto safely
avoid wake turbulence.

3-A 11 Air Traffic Considerations When
Applying Separation

Air traffic control is responsible for the safe,
orderly and expeditious flow of all aircraft in
their area of responsibility. The primary con-
siderations that affect the controller's ability
to do this are:

= Typeofapproachesavailable (IFR or VFR)

= Mix of traffic (turbojet, propeller, heli-
copter)

= Traffic density
= Wake-turbulence separation
= Noise abatement procedures.

The terminal approach control can safely land
and depart more aircraft if the weather is VFR
and visual approaches are being used. Typi-
cally, aircraft flying visual approaches will
have approximately 1-1/2 miles between land-
ing and arriving aircraft. Under IFR weather
conditions, aircraft require a minimum of
2-1/2 miles inside the final approach fix and

if wake-turbulence separationis required, the
separation may be extended up to 4, 5, or 6
miles between aircraft. Traffic density is the
major factor in the amount of aircraft that can
be safely, orderly and expeditiously landed
or departed. The busiest airports schedule
aircraft takeoffs and landings based on
weather conditions. At almost any busy air-
port, when the weather is IFR, there are exten-
sive delays and even cancellations if the IFR
weather persists for an extended period of
time.

Visual conditionsand visual separation allow
air traffic to handle more aircraft in the sys-
tem. When controllersclear pilots to maintain
visual separation or to fly a visual approach,
they can concentrate their efforts on separat-
ing the other IFR aircraft they are handling.
The quicker an approach controller transfers
the responsibility of separation to the pilot,
the better service he or she can provide to the
other aircraft that still require IFR control.

There are several factors a controller should
consider before clearing a pilot to maintain
visual separation or to fly a visual approach
when wake-turbulence separation must be
applied. First, winds have a significant effect
on wake turbulence. A smaller aircraft up-
wind from a larger aircraft is unlikely to en-
counter any wake turbulence. However, it is
not always practical or possible to have a
smaller aircraft follow a larger aircraft on the
upwind side. Traffic patterns, runway con-
figurations, and expeditious handling some-
times do not make it practical to sequence
aircraft based on crosswinds. Another con-
sideration controllers need to make is the
flightpath of the preceding aircraft compared
to the flightpath of the following aircraft.
Steep descents of larger aircraft for any reason
could create a hazard for smaller following
aircraft flying a normal descent to the same
runway. Thisisbecause the smaller aircraftat
some time could be below the glidepath of the
larger aircraft.

Many more fast, small jet powered aircraftare
being manufactured. It is no longer a "small
aircraft fly slower than large aircraft" envi-
ronment. Faster small jets following slower
large jets could create a serious wake-turbu-
lence problem since the smaller aircraft could
gettooclose behindthe larger jet. Intersecting

App. 3-A.29
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runways also create a hazard when a small jet
isclearedtoland onarunway anditsflightpath
will take it through the flightpath of a larger
jet that was landing or departing on a differ-
ent runway.

The best prevention for avoiding wake turbu-
lence is both pilot and controller awareness.
Controllers must be aware of where wake
turbulence could occur and how it will affect
other aircraft following. Crosswinds, steep
descents, differentairspeeds and crossing run-
ways are factors controllers should consider.

Pilots also have to be made aware of where
the potential hazards exist. Sometimes giving
a cautionary wake-turbulence advisory is not
enough. The pilot needs to know if the air-
craft he/she is following is on a steeper than
normal descent, is flying slower, or if the
preceding aircraft has departed or is landing
on another runway. If the controllers are
aware of potential wake-turbulence hazards,
then they need to inform the pilots of those
hazards and allow the pilot to adjust his/her
flightpath accordingly.
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