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f A K E 
T U R B U L E N C E 
For years turbulence generated by air­

craft was attributed to "prop wash." The 
"prop wash" behind other aircraft caused 
some pretty rough rides, "go-arounds," 
some accidents and was the subject of a 
lot of "hangar flying." 
With the advent of the large jet trans­

port and helicopters, the dangers associ­
ated with vortex turbulence were greatly 
emphasized and the so-called "prop wash" 
problems enlarged to include "jet wash" 
and helicopter "down wash" turbulence. 
By this time, however, the problems asso­
ciated with aircraft wake turbulence had 
been broken down into two categories— 
"thrust stream turbulence" and wing-tip 
vortices." 
What was once thought to be "prop 

wash" was in fact vortex turbulence. 
"Prop/jet wash/' i.e., thrust stream turbu­
lence, can be a hazard to aircraft operating 

•
be ground and pilots should take nor-
precautions to avoid taxiing closely be­

hind larger aircraft making an engine 
runup or running up when other smaller 
aircraft are close behind them, as the case 
may be. At distances of 400-500 feet 
"prop" or "jet wash" normally will not con-
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stitute a serious hazard to other aircraft 
operating on the ground. Also, it should 
not be a hazard to aircraft in flight except 
possibly in the case of a takeoff or lan(^B 
in the immediate area of an aircraft malT 
ing a ground runup. 
A vortex core is the center of a trailing 

mass of disturbed air created by the wing 
of an aircraft as it produces lift. An air­
craft creates two such vortices with rota­
tional air movement. As a lift-producing 
air foil passes through the air it leaves a 
continuous sheet of unstable air behind 
the trailing edge. Due to spillage about 

F I G U R E 1.—Example of wing-tip vortices initial 
formation. (Once formed, vortices extend 
and may be hazardous for an undetermined 
distance behind the generating aircraft.) 
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the wing tips, the air rolls into two distinct 
vortices, one trailing behind each wing tip. « rollup process is normally complete 

distance equal to about two to four 
times the wing or rotor span of the air­
craft—about 200 to 600 feet behind the 
aircraft. If visible, formation of the vor­
tex cores would appear approximately as 
shown in Figure 1. 
Vortices generated by the rotors of a 

helicopter are shed and trail along the 
track behind the aircraft in the same man­
ner as those generated by a fixed wing air-
cra ft. These vortices have the same 
internal air circulation as those generated 
by fixed wing aircraft and have the same 
effect upon other aircraft. 
When an air foil passes through a mass 

of air and creates lift, energy proportional 
to the weight being lifted is transmitted 
to the mass of air. Generally, the greater 
the lift, the greater the energy transmitted 
to the air mass in the form of turbulence. 
The turbulence is directly related to the 
weight, wing span, and speed of the air­
craft. Its intensity is directly proportional 
to the weight and inversely proportional 
to the wing span and speed of the aircraft. »i heavier and slower the aircraft, the 

ter the intensity of the air circulation 
in the vortex cores. Thus, it can be seen 
that modern large transport aircraft will 
create vortices having maximum rotational 
velocities during takeoff and landing at or 
near maximum gross weights. 
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There is no current practical knowledge 
that can be used as a yardstick to accurately 
measure the period of time vortices wil^e 
a hazard to other aircraft. Studies l^B 
been conducted and measurements made 
of the size of vortices and velocity of the 
air within them up to nearly 3 minutes 
after passage of large aircraft. Pilots have 
reported what they believed to be vortex 
turbulence 5 minutes and more after 
passage of another aircraft. No practical 
rule involving a time interval for one air­
craft behind another will assure avoidance 
of the vortices generated by the first. 
However, other methods of avoiding the 
hazards associated with aircraft vortices 
are known and can be applied by pilots. 
"Why should I avoid flying in or 

through the vortex turbulence behind large 
aircraft?" is a question that a pilot might 
ask if accustomed only to the turbulence 
created by light single- and twin-engine 
aircraft. Perhaps the best answer, and the 
most impressive one, is that the aerody­
namic forces applied upon the light aircraft 
by the circulation of air in the vortices and 
the pilot's attempt to counteract it could 
result in the airframe design limits beuae 
exceeded and possibly structural failiîB 
And then there is the pilot who has al--

ways been able to control his aircraft 
through any "prop wash" he has encoun­
tered. His excellent ability may mean 
nothing because the forces he encounters 
behind a heavily loaded large aircraft could 
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2. TalccofT/Tokcoff. 
(a) Same or parallel runway. Start 

•

the takeoff roll at the end of the runway 
|o that your takeoff will be before the 
point where the previous aircraft's take­
off was made. Make a normal per­
formance takeoff and climb and you 
should be behind and above the settling 
vortices of the preceding aircraft. 
Don't depend upon the wind to dissi­
pate the vortex core circulation appre­
ciably unless it is 10-15 knots or higher 
and even then it could take several min­
utes. Also, remember that the lateral 
movement of vortices, even in a no-
wind condition, may place a vortex 
core over a parallel runway. With a 
light crosswind one vortex can remain 
stationary over the ground for some 
time, or even move upwind, before dis­
sipating to any significant degree. 

(b) Intersecting runways. If the large 
aircraft was still on the ground until 
well past the intersection and your take­
off will permit climb to approximately 
100 feet or more before you pass the 
intersection, you should not encounter t;her the vortices or any appreciable 
rust stream turbulence. Remember 

the genera! rule and make certain that 
you cross above the flightpath of larger 
aircraft. Also remember that the larger 
aircraft will probably have a high gross 
weight at takeoff and thus will gener-
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ate vortices of maximum intensity. 
Also, consider the lateral movement of 
vortices and the possible effect the wind 
wilt have upon that movement. 

3. Takeoff/Landing. 
(a) Same or parallel runway. When 
taking off after another aircraft has just 
landed, plan to become airborne be­
yond the point where the other aircraft 
landed. Remember, while starting 
takeoff from an intersection may keep 
you out of the vortices of an aircraft 
that has just landed, it could place you 
in the vortices shed by one that took 
off several minutes before on the same 
or a parallel runway. 

(b) Intersecting runways. The pre­
cautions to heed when taking off after 
another aircraft has just landed on an 
intersecting runway are the same as 
those for a single or parallel runway. 
But don't forget the "heavy" that may 
have taken off from either your runway 
or the other one within the past several 
minutes. 

4. Traffic Pattern. Don't fly below an 
hind a large aircraft in the traffic 
tern. If practicable, plan your pattern 
to stay laterally separated from large 
aircraft by at least several hundred feet. 
When on the final approach, an above 
and behind position should keep you 
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a landing aircraft when its wing ceases to 
produce lift—when it has actually landed. 
However, remember that a large aircr̂ fr 
could have taken off and be out of sifĵ P 
or landed and be on the ramp and the 
vortex turbulence could still be present 
near the runway. 
Another factor to remember is the verti­

cal and lateral movements of vortices. 
Vortices generated more than 100 feet 
above the surface will drop nearly vertical­
ly in a no-wind condition until reaching 
a height equal to approximately one-half 
the wing span of the generating aircraft. 
At that point they start to curve outward 
and spread laterally away from the track 
of the aircraft. There is one other thing 
that must be remembered, that is—both 
the vertical and lateral movement of the 
vortex cores will be affected by and move 
with the encompassing air mass. A cross-
wind will displace the vortices from the 
vertical in their downward travel and af­
fect the lateral rate of travel. A crosswind 
component of approximately 4 to 6 knots, 
depending upon the lateral rate of vortex 
travel, is sufficient to cause one core to re­
main laterally stationary over a line on the 
surface while the opposite core will ti^B 
at its own lateral rate plus that of the 
effective crosswind. 
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exceed the control capability of his air­
craft. A roll, descent, or combination of 

•
two could continue even though full 
trol travel or power is applied. The 

forces of the air in wing-tip vortices can 
well exceed the aileron control capability 
or the climb rate of some aircraft. For 
those who want figures, the air in a vortex 
core can produce a roll rate of about 80 
degrees per second which is about twice 
the roll rate capability of some light air­
craft when using full aileron deflection. 
If the light aircraft stayed directly between 
the center of the vortex cores from a heavy 
jet transport it could encounter a down­
ward flow of air of about 1,500 feet per 
minute. A light aircraft with a continued 
climb capability of 1,000 to 1,200 feet per 
minute could go only in one direction— 
down. Caught in such a position the pilot 
who altered his course could get caught by 
the roll forces or a combination of down­
ward and roll forces. These forces have 
been sufficient to cause aircraft to do one 
or more complete rolls, to force them into 
the ground and in some instances a com­
bination of the two actions. 
^The best way of avoiding the vortices 
I^Brd is to know where they are most 
HRely to be encountered and act accord­
ingly. Since vortices are not formed until 
lift is produced they will not be generated 
by an aircraft taking off until just before 
lift off—at the point where rotation is 
made. Vortices cease to be generated by 
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a landing aircraft when its wing ceases to 
produce lift—when it has actually landed. 
However, remember that a large aircr̂ k 
could have taken off and be out of sijf̂ P 
or landed and be on the ramp and the 
vortex turbulence could still be present 
near the runway. 
Another factor to remember is the verti­

cal and lateral movements of vortices. 
Vortices generated more than 100 feet 
above the surface will drop nearly vertical­
ly in a no-wind condition until reaching 
a height equal to approximately one-half 
the wing span of the generating aircraft. 
At that point they start to curve outward 
and spread laterally away from the track 
of the aircraft. There is one other thing 
that must be remembered, that is—both 
the vertical and lateral movement of the 
vortex cores will he affected by and move 
with the encompassing air mass. A cross-
wind will displace the vortices from the 
vertical in their downward travel and af­
fect the lateral rate of travel. A crosswind 
component of approximately 4 to 6 knots, 
depending upon the lateral rate of vortex 
travel, is sufficient to cause one core to re­
main laterally stationary over a line on the 
surface while the opposite core will ti^B 
at its own lateral rate plus that of me 
effective crosswind. 
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exceed the control capability of his air­
craft. A roll, descent, or combination of 

two could continue even though full 
^Htrol travel or power is applied. The 
forces of the air in wing-tip vortices can 
well exceed the aileron control capability 
or the climb rate of some aircraft. For 
those who want figures, the air in a vortex 
core can produce a roll rate of about 80 
degrees per second which is about twice 
the roll rate capability of some light air­
craft when using full aileron deflection. 
If the light aircraft stayed directly between 
the center of the vortex cores from a heavy 
jet transport it could encounter a down­
ward flow of air of about 1,500 feet per 
minute. A light aircraft with a continued 
climb capability of 1,000 to 1,200 feet per 
minute could go only in one direction— 
down. Caught in such a position the pilot 
who altered his course could get caught by 
the roll forces or a combination of down­
ward and roll forces. These forces have 
been sufficient to cause aircraft to do one 
or more complete rolls, to force them into 
the ground and in some instances a com­
bination of the two actions. 
^The best way of avoiding the vortices 
j^»d is to know where they are most 
likely to be encountered and act accord­
ingly. Since vortices are not formed until 
lift is produced they will not be generated 
by an aircraft taking off until just before 
lift off—at the point where rotation is 
made. Vortices cease to be generated by 
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exceed the control capability of his air­
craft. A roll, descent, or combination of 

*
two could continue even though full 
trol travel or power is applied. The 

forces of the air in wing-tip vortices can 
well exceed the aileron control capability 
or the climb rate of some aircraft. For 
those who want figures, the air in a vortex 
core can produce a roll rate of about 80 
degrees per second which is about twice 
the roll rate capability of some light air­
craft when using full aileron deflection. 
If the light aircraft stayed directly between 
the center of the vortex cores from a heavy 
jet transport it could encounter a down­
ward flow of air of about 1,500 feet per 
minute. A light aircraft with a continued 
climb capability of 1,000 to 1,200 feet per 
minute could go only in one direction— 
down. Caught in such a position the pilot 
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the ground and in some instances a com­
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a landing aircraft when its wing ceases to 
produce lift—when it has actually landed. 
However, remember that a large aire 
could have taken off and be out of si 
or landed and be on the ramp and the 
vortex turbulence could still be present 
near the runway. 
Another factor to remember is the verti­

cal and lateral movements of vortices. 
Vortices generated more than 100 feet 
above the surface will drop nearly vertical­
ly in a no-wind condition until reaching 
a height equal to approximately one-half 
the wing span of the generating aircraft. 
At that point they start to curve outward 
and spread laterally away from the track 
of the aircraft. There is one other thing 
that must be remembered, that is—both 
the vertical and lateral movement of the 
vortex cores will be affected by and move 
with the encompassing air mass. A cross-
wind will displace the vortices from the 
vertical in their downward travel and af­
fect the lateral rate of travel. A crosswind 
component of approximately 4 to 6 knots, 
depending upon the lateral rate of vortex 
travel, is sufficient to cause one core to re­
main laterally stationary over a line on the 
surface while the opposite core will ti^B 
at its own lateral rate plus that of the 
effective crosswind. 
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How to Avoid 
Wake Turbulence 

B̂fortunately, the best advice is not al­
ways the most practical. In the case of 
vortex turbulence hazards avoidance, to 
insure 100-percent success would require 
pilots, particularly those flying relatively 
smaller aircraft, to refrain from operating 
in areas where the very large and heavy 
aircraft regularly operate. It would pro­
duce the desired result but would not be 
practical. The following suggestions are 
therefore offered on how best to avoid 
wake turbulence: 

I. General Rule. When it is necessary to 
operate behind a large heavy aircraft try 
to remain above the flightpath of that air­
craft. Remember that vortices settle to­
ward the surface and also that they are 
affected by the wind and move with the 
air mass down to within 100 or so feet from 
the ground before spreading laterally 
away from each other and that the wind 
will continue to affect the vortex cores 
until dissipation occurs. Because of the 
infinite number of different circumstances 
t^Bcan exist, it is not practical to estab-
lisna set of inflexible rules. Therefore, we 
have outlined several possible courses of 
action and included their depiction in the 
following Figure 2, which, depending upon 
existing conditions and types of aircraft, 
pilots may wish to consider. 
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fr. G R O U N D P A T H 

> * • F L I G H T P A T H 
L A R G E 

A I R C R A F T 
S M A L L A I R C R A F T L A R G E 

A I R C R A F T T A K E O F F * L A N D I N G * M 

T A K E O F F 
<MX fl, D, C , A C , B, A ^ ^ 

L A N D at Y A , C , E , B A , B, E , F 

F I G U R E 2.—Example Takeoff/Landing Alterna 
tive courses of action. 
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clear of the turbulence created by the 
preceding aircraft. 

^Bonding/Landing. The same above and 
tiehind position on final approach wilJ 
place the light aircraft pilot in a good 
position to touch down beyond the point 
where a preceding large aircraft landed, 
length of runway considered. If the 
runway has a visual approach slope in­
dicator (VASI) system, a flightpath 
in the "red and white" or with the top 
bar appearing a bit pink will keep you 
on or slightly above a normal glide 
slope. The A irm an's Information 
Manual contains a complete description 
of the VASI system. 

6. Landing/Takeoff. When landing after 
the takeoff of a large aircraft, make a 
normal landing near the approach end 
of the runway and be solidly on the 
ground before reaching the point where 
the large aircraft took off. Although 
vortices from the departing aircraft will 
not be formed until the point of rota­
tion, remember that the wind can cause 
the turbulence to move down the run-

j^^y toward you. 

When operating in the vicinity of an air­
port, you may receive an advisory, "CAU­
TION W A K E TURBULENCE," etc., 
warning you that it may exist because of 
an aircraft that recently made a takeoff 
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or landing. When you receive such an ad­
visory, don't hesitate to request further in­
formation if you believe it will assist you 
in analyzing the situation and determî B̂  
the course of action you wish to take. 
Remember, even though a clearance for 

takeoff or landing has been issued, if you 
believe it safer to wait, use a different run­
way, or in some other way alter your in­
tended operation, ask the controller for a 
revised clearance. Sometimes air traffic 
clearances include use of the word "IM­
MEDIATE." For example, "CLEARED 
FOR IMMEDIATE TAKEOFF." In 
such cases, the word is used for purposes 
of air traffic separation. The clearance 
may be refused if you believe another 
course of action would be better suited to 
your intended operation. The control­
ler's primary job is to aid in the prevention 
of collision between aircraft. However, 
he will assist you in any way he can while 
accomplishing his job. 
Information on this subject may also 

be found in the Airman's Information 
Manual. 
CANCELLATION: This Advisory Cir­

cular cancels AC 90-23, dated 2/24/65. 
6K> ; 196S-0-789-SI7 
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2. Takeoff/Takeoff. 
(a) Same or parallel runway. Start 

•
the takeoff roll at the end of the runway 
fo that your takeoff will be before the 
point where the previous aircraft's take­
off was made. Make a normal per­
formance takeoff and climb and you 
should be behind and above the settling 
vortices of the preceding aircraft 
Don't depend upon the wind to dissi­
pate the vortex core circulation appre­
ciably unless it is 10-15 knots or higher 
and even then it could take several min­
utes. Also, remember that the lateral 
movement of vortices, even in a no-
wind condition, may place a vortex 
core over a parallel runway. With a 
light crosswind one vortex can remain 
stationary over the ground for some 
time, or even move upwind, before dis­
sipating to any significant degree. 

(b) Intersecting runways. If the large 
aircraft was still on the ground until 
well past the intersection and your take­
off will permit climb to approximately 
100 feet or more before you pass the 
intersection, you should not encounter 

^Bther the vortices or any appreciable 
thrust stream turbulence. Remember 
the general rule and make certain that 
you cross above the flightpath of larger 
aircraft Also remember that the larger 
aircraft will probably have a high gross 
weight at takeoff and thus will gener-
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ate vortices of maximum intensity. 
Also, consider the lateral movement of 
vortices and the possible effect the wind 
wilt have upon that movement. 

3. Takeoff/Landing. 
(a) Same or parallel runway. When 
taking off after another aircraft has just 
landed, plan to become airborne be­
yond the point where the other aircraft 
landed. Remember, while starting 
takeoff from an intersection may keep 
you out of the vortices of an aircraft 
that has just landed, it could place you 
in the vortices shed by one that took 
off several minutes before on the same 
or a parallel runway. 

(b) Intersecting runways. The pre­
cautions to heed when taking off after 
another aircraft has just landed on an 
intersecting runway are the same as 
those for a single or parallel runway. 
But don't forget the "heavy" that may 
have taken off from either your runway 
or the other one within the past several 
minutes. 

4. Traffic Pattern. Don't fly below an 
hind a large aircraft in the traffic 
tem. If practicable, plan your pattern 
to stay laterally separated from large 
aircraft by at least several hundred feet. 
When on the final approach, an above 
and behind position should keep you 
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90--23A 

WAKE 
TURBULENCE 

For years turbulence generated by air­
craft was attributed to "prop wash." The 
"prop wash" behind other aircraft caused 
some pretty rough rides, "go-arounds," 
some accidents and was the subject of a 
lot of "hangar flying." 
With the advent of the large jet trans­

port and helicopters, the dangers associ­
ated with vortex turbulence were greatly 
emphasized and the so-called "prop wash" 
problems enlarged to include "jet wash" 
and helicopter "down wash" turbulence. 
By this time, however, the problems asso­
ciated with aircraft wake turbulence had 
been broken down into two categories— 
"thrust stream turbulence" and wing-tip 
vortices." 
What was once thought to he "prop 

wash" was in fact vortex turbulence. 
"Prop/jet wash," i.e., thrust stream turbu­
lence, can be a hazard to aircraft operating 
on the ground and pilots should take nor­
mal precautions to avoid taxiing closely be 
hind larger aircraft making an engine 
runup or running up when other smaller 
aircraft are close behind them, as the case 
may he. At distances of 400 500 feel 
"prop" or "jet wash" normally will not con-
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stitutc a serious hazard to other aircraft 
operating on the ground. Also, it should 
not be a hazard to aircraft in flight except 
possibly in the case of a takeoff or landing 
in the immediate area of an aircraft mak­
ing a ground runup. 
A vortex core is the center of a trailing 

mass of disturbed air created by the wing 
of an aircraft as it produces lift. An air­
craft creates two such vortices with rota­
tional air movement. As a lift-producing 
air foil passes through the air it leaves a 
continuous sheet of unstable air behind 
the trailing edge. Due to spillage about 

F I G U R K 1.- Example of wing-tip vortices initial 
formation. {Once formed, vortices extend 
and may be ha/ardoui for an undetermined 
distance behind the generating aircraft.) 

the wing tips, the air rolls into two distinct 
vortices, one trailing behind each wing tip. 
The rollup process is normally complete 
at a distance equal to about two to four 
times the wing or rotor span of the air­
craft—about 200 to 600 feet behind the 
aircraft. If visible, formation of the vor­
tex cores would appear approximately as 
shown in Figure 1. 
Vortices generated by the rotors of a 

helicopter are shed and trail along the 
track behind the aircraft in the same man­
ner as those generated by a fixed wing air­
craft. These vortices have the same 
internal air circulation as those generated 
by fixed wing aircraft and have the same 
effect upon other aircraft. 
When an air foil passes through a mass 

of air and creates lift, energy proportional 
to the weight being lifted is transmitted 
to the mass of air. Generally, the greater 
the lift, the greater the energy transmitted 
to the air mass in the form of turbulence. 
The turbulence is directly related to the 
weight, wing span, and speed of the air­
craft. Its intensity is directly proportional 
to the weight and inversely proportional 
to the wing span and speed of the aircraft. 
The heavier and slower the aircraft, the 
greater the intensity of the air circulation 
in the vortex cores. Thus, it can be seen 
that modern large transport aircraft will 
create vortices having maximum rotational 
velocities during takeoff and landing at or 
near maximum gross weights. 
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There is no current practical knowledge 
that can be used as a yardstick to accurately 
measure the period of time vortices will be 
a hazard to other aircraft. Studies have 
been conducted and measurements made 
of the size of vortices and velocity of the 
air within them up to nearly 3 minutes 
after passage of large aircraft. Pilots have 
reported what they believed to be vortex 
turbulence 5 minutes and more after 
passage of another aircraft. No practical 
rule involving a time interval for one air­
craft behind another will assure avoidance 
of the vortices generated by the first 
However, other methods of avoiding the 
hazards associated with aircraft vortices 
are known and can be applied by pilots. 
"Why should I avoid flying in or 

through the vortex turbulence behind large 
aircraft?" is a question that a pilot might 
ask if accustomed only to the turbulence 
created by light single- and twin-engine 
aircraft. Perhaps the best answer, and the 
most impressive one, is that the aerody­
namic forces applied upon the light aircraft 
by the circulation of air in the vortices and 
the pilot's attempt to counteract it could 
result in the airframe design limits being 
exceeded and possibly structural failure. 
And then there is the pilot who has al­

ways been able to control his aircraft 
through any "prop wash" he has encoun­
tered. His excellent ability may mean 
nothing because the forces he encounters 
behind a heavily loaded large aircraft could 

exceed the control capability of his air­
craft. A roll, descent, or combination of 
the two could continue even though full 
control travel or power is applied. The 
forces of the air in wing-tip vortices can 
well exceed the aileron control capability 
or the climb rate of some aircraft. For 
those who want figures, the air in a vortex 
core can produce a roll rate of about 80 
degrees per second which is about twice 
the roll rate capability of some light air­
craft when using full aileron deflection. 
If the light aircraft stayed directly between 
the center of the vortex cores from a hca\r 
jet transport it could encounter a down­
ward flow of air of about 1.500 feet per 
minute. A light aircraft with a continued 
climb capability of K000 to 1,200 feet per 
minute could go only in one direction— 
down. Caught in such a position the pilot 
who altered his course could get caught by 
the roll forces or a combination of down­
ward and roll forces. These forces have 
been sufficient to cause aircraft to do one 
or more complete rolls, to force them into 
the ground and in some instances a com­
bination of the two actions. 
The best way of avoiding the vortices 

hazard is to know where they arc most 
Hkely to be encountered and act accord­
ingly. Since vortices are not formed until 
lift is produced they will not be generated 
by an aircraft taking ofT until just before 
lift off—at the point where rotation is 
made. Vortices cease to he generated by 
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a landing aircraft when its wing ceases to 
produce lift—when it has actually landed. 
However, remember that a large aircraft 
could have taken off and be out of sight, 
or landed and be on the ramp and the 
vortex turbulence could still be present 
near the runway. 
Another factor to remember is the verti­

cal and lateral movements of vortices. 
Vortices generated more than 100 feet 
above the surface will drop nearly vertical­
ly in a no-wind condition until reaching 
a height equal to approximately one-half 
the wing span of the generating aircraft. 
At that point they start to curve outward 
and spread laterally away from the track 
of the aircraft. There is one other thing 
that must be remembered, that is—both 
the vertical and lateral movement of the 
vortex cores will be a (Tec ted by and move 
with the encompassing air mass. A cross-
wind will displace the vortices from the 
vertical in their downward travel and af­
fect the lateral rate of travel. A crosswind 
component of approximately 4 to 6 knots, 
depending upon the lateral rate of vortex 
travel, is sufficient to cause one core to re­
main laterally stationary over a line on the 
surface while the opposite core will travel 
at its own Literal rate plus that of the 
effective crosswind. 

6 

How to Avoid 
Wake Turbulence 

Unfortunately, the best advice is not al­
ways the most practical. In the case of 
vortex turbulence hazards avoidance, to 
insure 100-pcrccnt success would require 
pilots, particularly those flying relatively 
smaller aircraft, to refrain from operating 
in areas where the very large and heavy 
aircraft regularly operate. It would pro­
duce the desired result but would not be 
practical- The following suggestions are 
therefore offered on how best to avoid 
wake turbulence: 

I. Genera) Rule. When it is necessary to 
operate behind a targe heavy aircraft try 
to remain above the flightpath of that air­
craft. Remember that vortices settle to­
ward the surface and also that they are 
affected by the wind and move with the 
air mass down to within 100 or so feet from 
the ground before spreading laterally 
away from each other and that the wind 
wilt continue to affect the vortex cores 
until dissipation occurs. Because of the 
infinite numher of different circumstances 
that can exist, it is not practical to estab­
lish a set of inflexible rules. Therefore, we 
have outlined several possible! courses of 
action and included their depiction in tht* 

tr following Figure 2, which, depending upon 
[ existing conditions and types of aircraft, 

pilots may wi\h to consider. 
7 
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» G R O U N D P A T H 
»• * F L I G H T P A T H 

L A R G E S M A L L A I R C R A F T 
A I R C R A F T T A K E O F F * L A N D I N G ' 

T A K E O F F at X e, D, C , A D, C , B, A 

L A N D o. Y A , C , E , 8 A , 8 , £ , F 

F I G U K F . 2.—Example TakvofT/Landittg A1I ITH; I 

tivc courses of action. 
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2. Takeoff/Takeoff. 
(a) Same or parallel runway. Start 
the takeolT roll at the end of the runway 
so that your takeoff will be before the 
point where the previous aircraft's take­
off was made. Make a normal per­
formance takeoff and climb and you 
should be behind and above the settling 
vortices of the preceding aircraft. 
Don't depend upon the wind to dissi­
pate the vortex core circulation appre­
ciably unless it is 10-15 knots or higher 
and even then it could take several min­
utes. Also, remember that the lateral 
movement of vortices, e\en in a no-
wind condition, may place a vortex 
core over a parallel runway. With a 
light crosswind one vortex can remain 
stationary over the ground for some 
time, or even move upwind, before dis­
sipating to any significant degree. 

(b) Intersecting runways. If the large 
aircraft was still on the ground until 
well past the intersection and your take­
off will permit climb to approximately 
100 feet or more before you pass the 
intersection, you should not encounter 
cither the vortices or any appreciable 
thrust stream turbulence. Remember 
the general rule and make certain that 
you cross above the flightpath of larger 
aircraft. Also remember that the larger 
aircraft will probably have a high gross 
weight at takeoff and thus will gener-

9 
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ate vortices of maximum intensity. 
Also, consider the lateral movement of 
vortices and the possible effect the wind 
will have upon that movement. 

3. Takeoff/Landing. 
(a) Same or parallel runway. When 
taking off after another aircraft has just 
landed, plan to become airborne be­
yond the point where the other aircraft 
landed. Remember, while starting 
takeoff from an intersection may keep 
you out of the vortices of an aircraft 
that has just landed, it could place you 
in the vortices shed by one that took 
off several minutes before on the same 
or a parallel runway. 

(b) Intersecting runways. The pre­
cautions to heed when taking off after 
another aircraft has just landed on an 
intersecting runway arc the same as 
those for a single or parallel runway, 
But don't forget the "heavy" that may 
have taken off from either your runway 
or the other one within the past several 
minutes. 

4. Traffic Pattern. Don't fly below and be­
hind a large aircraft in the traffic pat­
tern. If practicable, plan your pattern 
to stay lateially separated from large 
aircraft by at least several hundred feet. 
When on the final approarh, an above 
and behind position should keep you 

clear of the turbulence created by the 
preceding aircraft. 

5. Landing/Landing. The same above and 
behind position on final approach will 
place the light aircraft pilot in a good 
position to touch down beyond the point 
where a preceding large aircraft landed, 
length of runway considered. If the 
runway has a visual approach slope in­
dicator (VASI) system, a flightpath 
in the "red and white" or with the top 
bar appearing a bit pink will keep you 
on or slightly above a normal glide 
slope. The Airman's I nformation 
Manual contains a complete description 
of the VASI system. 

6. Landing/Takeoff. When landing after 
the takeoff of a large aircraft, make a 
normal landing near the approach end 
of the runway and be solidly on the 
ground before reaching the point where 
the large aircraft took off. Although 
vortices from the departing aircraft will 
hot be formed until the point of rota-
lion, remember that the wind can cause 
the turbulence to move down the run­
way toward you 

When operating in the vicinity of an air­
port, you may receive an advisory, "CAU­
TION WAKF, TURBULENCE," etc., 
warning you that it may exist because of 
an aircraft that recently made a takeoff 

10 n 



ADVISORY CIRCULAR NO. AC 90-23A 

or landing. When you receive such an ad­
visory, don't hesitate to request further in­
formation if you believe it will assist you 
in analyzing the situation and determining 
the course of action you wish to take. 
Remember, even though a clearance for 

takeoff or landing has been issued, if you 
believe it safer to wait, use a different run­
way, or in some other way alter your in­
tended operation, ask the controller for a 
revised clearance. Sometimes air traffic 
clearances include use of the word "IM­
MEDIATE." For example, "CLEARED 
FOR IMMEDIATE TAKEOFF." In 
such cases, the word is used for purposes 
of air traffic separation. The clearance 
may be refused if you believe another 
course of action would be better suited to 
your intended operation. The control­
ler's primary job is to aid in the prevention 
of collision between aircraft. However, 
he will assist you in any way he can while 
accomplishing his job. 
Information on this subject may also 

be found in the Airman's Information 
Manual. 
CANCELLATION: This Advisory Cir­

cular cancels AC 90-23, dated 2/24/65. 
GP0<rHS-O-7Bft-3l7 
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