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5. VORTEX STRENGTH. The strength of the vortex is governed primarily by 
the weight, speed, and shape of the wing of the generating aircraft. 
The vortex characteristics of any given aircraft can also be changed by 
extension of flaps or other wing configuring devices as well as by 
change in speed. However, the basic factor is weight, and the vortex 
strength increases with increases in weight and span loading. During a 
recent test, vortex tangential velocities were recorded at 150 feet per 
second, or about 90 knots. The greatest vortex strength occurs when the 
generating aircraft is HEAVY - CLEAN - SLOtf. Figure 2 shows smoke 
visualization of a vortex photographed during recent tests. 

6. INDUCED ROLL. A serious wake encounter could result in structural 
damage. However, the primary hazard is loss of control because of 
induced roll. Aircraft intentionally flown directly up the core of a 
vortex during flight tests tended to roll with that vortex. The 
capability of counteracting this roll depends on th= span and counter 
control responsiveness of the encountering aircraft. 
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FIGURE 2. Typical Vortex. 
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FIGURE 3. Induced Roll 

Where the wing span and ailerons of larger aircraft extend beyond the 
vortex, counter control is usually effective and the induced roll is 
minimal. If the ailerons of a short span aircraft were wholly within 
the vortex, its counter control effectiveness would be substantially 
reduced. If the vortex strength were to exceed the counter control 
capability of the encountering aircraft, the induced roll could not be 
stopped. The significant factor in induced roll is the RELATIVE SPAN 
of the encountering aircraft. The wake of the large jets requires the 
respect of all pilots. 

Pilots of short span aircraft must be especially alert to vortex 
situations even though their aircraft is one of the high-performance 
type. 
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FIGURE 4. Relative Span 
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7. VORTEX CHARACTERISTICS. T r a i l i n g v o r t e x wakes have c e r t a i n cha rac te r ­
i s t i c s which a p i l o t can use in v i s u a l i z i n g the l o c a t i o n and avo id ing i t . 

a. Vor tex gene ra t ion s t a r t s wi th r o t a t i o n when the nose wheel l i f t s o f f 
and ends when the nose wheel touches down on l and ing . 

P i l o t s should note the r o t a t i o n or touchdown po in t o f the preceding 
a i r c r a f t . 

. —. Touchdown 
• / / / / T " - ^ - ^ 

Rotation ^ t f ^ 

Wake Ends Wake Begins 
FIGURE 5. 

b . The v o r t e x c i r c u l a t i o n i s outward, upward, and around the wing t i p 
when viewed from e i t h e r ahead or behind the a i r c r a f t . Tes t s wi th 
heavy a i r c r a f t have shown that the diameter o f the v o r t e x core 
ranges from 25 t o 50 f e e t , but the f i e l d o f i n f luence i s l a r g e r 
( s ee F igure 2 ) . The v o r t i c e s s t ay c l o s e toge the r (about 3/4 o f the 
span) u n t i l d i s s i p a t i o n . In v i e w o f t h i s , i f p e r s i s t e n t v o r t e x 
turbulence i s encountered, a s l i g h t l a t e r a l change in f l i g h t path 
w i l l usua l ly avoid i t . 

Diameter - 25* to 501 

Spread % of the Span 
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FIGURE 6. 
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c . F l i g h t t e s t s have shown that the v o r t i c e s from heavy j e t s s t a r t to 
sink immediately at about 400 to 500 f e e t per minute. They tend to 
l e v e l o f f about 800 to 900 f e e t below the g e n e r a t o r ' s f l i g h t path. 
Vortex s t reng th diminishes w i th time and d i s t ance behind the 
genera t ing a i r c r a f t . Atmospheric turbulence hastens breakup. 
Residual choppiness remains a f t e r v o r t e x breakup. 

P i l o t s should f l y at or above the heavy j e t ' s f l i g h t path, a l t e r i n g 
course as necessary to avoid the area behind and below the gene ra t ­
ing a i r c r a f t . 

Breakup Starts 

FIGURE 7. 

d. When the v o r t i c e s sink i n t o ground e f f e c t , they tend to move l a t e r ­
a l l y outward over the ground at a speed o f about 5 kno ts . (F igu re 8 . ) 

Page 6 Par 7 



16 May 72 AC 90-23C 

A crosswind component will decrease the lateral movement of the 
upwind vortex and increase the movement of the downwind vortex 
(Figure 9). This may result in the upwind vortex remaining in the 
touchdown zone or hasten the drift of the downwind vortex toward a 
parallel runway. Similarly, a tail wind condition can move the 
vortices of the preceding aircraft forward into the touchdown zone 
(Figure 10). 

Pilots should be alert to heavy jets upwind from their flight path, 

5K 

cp cb 
No Wind 

Vortex Movement in Ground Effect - No Wind 

5K 

FIGURE 8. 
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Tail Wind 

FIGURE 10. 

8. OPERATIONAL PROBLEM AREAS. A wake encounter i s not n e c e s s a r i l y 
hazardous. I t may be on ly two bumps, one f o r each v o r t e x , as the wake 
i s c r o s s e d . I t can be one o r more j o l t s w i t h v a r y i n g s e v e r i t y depending 
upon the d i r e c t i o n o f the encounter , d i s t ance from the gene ra t i ng 
a i r c r a f t , and po in t o f v o r t e x encounter . The p r o b a b i l i t y o f b u f f e t i n g 
and induced r o l l increases when the encounter ing a i r c r a f t ' s heading i s 
g e n e r a l l y a l i g n e d w i t h the v o r t e x t r a i l . 

AVOID ENCOUNTERS BELOW AND BEHIND THE GENERATING AIRCRAFT, ESPECIALLY AT 
LOW ALTITUDE WHERE EVEN A MOMENTARY WAKE ENCOUNTER COULD BE HAZARDOUS. 

P i l o t s should be p a r t i c u l a r l y a l e r t t o calm wind c o n d i t i o n s and s i t u a t i o n s 
where the v o r t i c e s : 

a. Remain in the touchdown a r e a . 

b . D r i f t downwind t o a p a r a l l e l runway. 

c . Sink i n t o t a k e o f f or landing path o f a c ro s s ing runway. 

d . Sink i n t o the t r a f f i c pa t t e rns f o r o the r a i r p o r t s . 

e . Sink i n t o the f l i g h t path o f VFR f l i g h t s ope ra t i ng at the 
hemispheric a l t i t u d e 500 f e e t be low. 

P i l o t s should v i s u a l i z e the l o c a t i o n o f the v o r t e x t r a i l and use proper 
v o r t e x avoidance procedures t o ach i eve sa fe ope ra t i on in a mixed t r a f f i c 
environment. I t i s e q u a l l y important that p i l o t s o f medium and l a r g e 
a i r c r a f t p lan o r adjust t h e i r f l i g h t paths t o minimize v o r t e x exposure 
t o o ther a i r c r a f t . A d d i t i o n a l l y , in the course o f running up engines 
and t a x i i n g on the ground, p i l o t s should cons ide r the e f f e c t s o f t h e i r 
j e t b l a s t s on o the r a i r c r a f t . * 

9. VORTEX AVOIDANCE PROCEDURES. Under c e r t a i n c o n d i t i o n s , a i r p o r t t r a f f i c 
c o n t r o l l e r s apply procedures f o r sepa ra t ing o ther a i r c r a f t from l a r g e 
and heavy t u r b o j e t s . They w i l l a l s o p r o v i d e VFR a i r c r a f t w i t h whom they 
are in communication and which in the t o w e r ' s o p i n i o n may be a d v e r s e l y 
a f f e c t e d by p o t e n t i a l wake turbulence from a heavy j e t , the p o s i t i o n , 
a l t i t u d e , and d i r e c t i o n o f f l i g h t o f the heavy j e t f o l l o w e d by the phrase 
"CAUTION - WAKE TURBULENCE." WHETHER OR NOT A WARNING HAS BEEN GIVEN, 
HOWEVER, THE PILOT IS EXPECTED TO ADJUST HIS OPERATIONS AND FLIGHT PATH 
AS NECESSARY TO PRECLUDE SERIOUS WAKE ENCOUNTERS. 
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The f o l l o w i n g v o r t e x avoidance procedures are recommended for the 
s i t u a t i o n shown. 

a. Landing behind a heavy j e t - same runway: 

Stay a t or above the heavy j e t ' s f i n a l approach f l i g h t pa th- -note 
his touchdown p o i n t - - l a n d beyond i t . 

^SlSLSlSiS>ft.nnnonnn«»o> ^ Touchdown Point 

FIGURE 11 . 

b . Landing behind a heavy j e t - when p a r a l l e l runway i s c l o s e r than 
2,500 f e e t : 

Note wind fo r p o s s i b l e v o r t e x d r i f t to your runway- r eques t upwind 
runway i f p r a c t i c a l . Stay a t or above the heavy j e t ' s f i n a l 
approach f l i g h t pa th- -note h i s touchdown poin t—land beyond a poin t 
abeam his touchdown p o i n t . 

Par 9 
FIGURE 12. 
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c. Landing behind a heavy jet - crossing runway; 

Cross above the heavy jet's flight path. 

FIGURE 13. 

d. Landing behind a departing heavy jet - same runway: 

Note heavy jet's rotation point—land well prior to rotation point 

Page 10 
FIGURE 14. 
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e . Landing behind a depar t ing heavy j e t - c ros s ing runway: 

Note heavy j e t ' s r o t a t i o n p o i n t - - i f past the i n t e r s ec t i on—con t inue 
the approach--land p r i o r to the i n t e r s e c t i o n (F igu re 1 5 ) . I f heavy 
j e t r o t a t e s p r i o r to the i n t e r s e c t i o n , avoid f l i g h t below the heavy 
j e t ' s f l i g h t path. Abandon the approach unless a landing i s assured 
w e l l be fo re reaching the i n t e r s e c t i o n (F igu re 1 6 ) . 

Rotation Point 

FIGURE 15, 

- X 

Par 9 FIGURE 16. 
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Rotation Point 
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£. Depart ing behind a heavy j e t : 

Note heavy j e t ' s r o t a t i o n p o i n t — r o t a t e p r i o r to heavy j e t ' s 
r o t a t i o n poin t—cont inue c l imb above heavy j e t ' s c l imb path u n t i l 
turning c l e a r o f his wake (F igu re 1 7 ) . A v o i d subsequent headings 
which w i l l c ross below and behind a heavy j e t ( F i g u r e 1 8 ) . Be a l e r t 
fo r any t a k e o f f s i t u a t i o n which could lead to a v o r t e x encounter 
(F igu re 1 9 ) . 

Heavy Transport f l i g h t Transport Departure - Same Runway 

Light Airplane 

FIGURE 17. 

1 / 
Crossing Departure Courses oj/ 

/ 
/ 

FIGURE 18. 

Heavy Transport 

Light Airplane 

Critical Takeoff Situation 
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g . I n t e r s e c t i o n t a k e o f f s - same runway: 

Be a l e r t t o adjacent heavy j e t ope ra t ions p a r t i c u l a r l y upwind o f 
your runway. I f i n t e r s e c t i o n t a k e o f f c learance i s r e c e i v e d , avo id 
subsequent heading which w i l l c ross below a heavy j e t ' s path. 

Rotation Point »Qpg.OQg.ft ft ft 0 0 0 & t L a > 

FIGURE 20. 

h. Enroute VFR - ( thousand-foot a l t i t u d e s plus 500 f e e t ) . 

A v o i d f l i g h t below and behind a heavy j e t ' s path.. I f a heavy j e t i s 
observed above you on same t rack (same or oppos i t e d i r e c t i o n ) adjust 
your p o s i t i o n l a t e r a l l y , p r e f e r a b l y upwind. 

\ 
\ 

FIGURE 2 1 . 
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10. HELICOPTERS. A hovering helicopter generates a downwash from its main 
rotor(s) similar to the prop blast of a conventional aircraft. In 
forward flight, this energy is transformed into a pair of trailing 
vortices similar to wing-tip vortices. Pilots of small airplanes and 
helicopters should avoid both the vortices and downwash of a heavy 
helicopter. 

FIGURE 22. Helicopter Vortices. 

11. JET ENGINE BLAST. During ground operations, jet engine blast (thrust 
stream turbulence) can cause damage and upsets if encountered at close 
range. It is recommended that light aircraft remain at least 200 feet 
behind a jet operating its engines at idle speed - 400 feet behind a 
taxiing jet - 1,500 feet from a jet taking off. Engine thrust 
velocities generated by large jet aircraft during initial takeoff roll 
and the drifting of the turbulence in relation to the crosswind component 
dictate the desirability of lighter aircraft awaiting takeoff to hold 
well back of the runway edge or taxiway hold line; also, the desirability 
of aligning the aircraft to face the possible jet engine blast movement. 
The FAA has established new standards for location of taxiway hold lines 
at airports served by air carriers as follows: 

"Locate all taxiway holding lines such that the distance from the runway 
structural pavement edge to the taxiway holding line is at least equal 
to the greater of the following: (1) 100 feet or (2) the wing span of 
the largest airplane that is expected to use the runway." 

(See Figure 23.) 
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FIGURE 23. Je t Blas t - T y p i c a l Heavy Je t 

12. PILOT RESPONSIBILITY. Government and indus t ry groups are making 
concer ted e f f o r t s to minimize or e l i m i n a t e the hazards o f t r a i l i n g 
v o r t i c e s . However, the f l i g h t d i s c i p l i n e s necessary to assure v o r t e x 
avoidance during VFR opera t ions must be e x e r c i s e d by the p i l o t . Vor tex 
v i s u a l i z a t i o n and avoidance are equal in importance to c o l l i s i o n 
avo idance . 

P i l o t s are reminded tha t in ope ra t ions conducted behind heavy j e t 
a i r c r a f t the p i l o t ' s acceptance o f t r a f f i c in format ion and in s t ruc t ions 
to f o l l o w the heavy j e t o r the acceptance o f a v i s u a l approach 
c lea rance from ATC i s acknowledgment that the p i l o t w i l l ensure a sa fe 
landing i n t e r v a l and accepts the r e s p o n s i b i l i t y o f p r o v i d i n g h is own 
wake turbulence s e p a r a t i o n . 

P i l o t s may reques t a wa ive r t o the two-minute wake turbulence separa t ion 
minimum from ATC on depar ture ; however, p i l o t s must r e c o g n i z e that 
whether a wa ive r i s requested or no t , the p i l o t has the r e s p o n s i b i l i t y 
f o r maneuvering h i s a i r c r a f t so as to avo id the wake turbulence hazard. 

J. A . FERRARESE 
A c t i n g D i r e c t o r 
F l i g h t Standards S e r v i c e 
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SUBJECT! WAKE TURBULENCE 

1. PURPOSE. This adv i so ry c i r c u l a r a l e r t s p i l o t s to the hazards of 
t r a i l i n g v o r t e x wake turbulence and recommends r e l a t e d ope ra t iona l 
procedures , 

2 . CANCELLATION. AC 90-23B, Wake Turbulence dated 17 May 71 . 
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3. INTRODUCTION. Every airplane generates a wake while in flight. 
Initially it was believed to be "prop wash." Later knowledge found 
this disturbance to be a pair of counter rotating vortices trailing 
from the wing tips. As aircraft became larger and heavier, the 
intensity of the vortices began to pose problems for smaller aircraft. 
Some of today's jet aircraft, and particularly the new (civil and 
military)jumbo jets, generate vortices with roll velocities exceeding 
the roll control capability of some aircraft. Further, turbulence 
generated within the vortices can damage aircraft components and 
equipment if encountered at close range. The pilot must learn to 
envision the location of the vortex wake generated by a large aircraft 
and adjust his flight path accordingly. 

4. VORTEX GENERATION. Lift is generated by creating a pressure 
differential over the wing surfaces. The lowest pressure is found near 
the center of the upper surface. This tends to draw the airflow over 
the top of the wing inward from the tip toward the fuselage. Similarly, 
the highest relative pressure, found near the center of the lower 
surface, makes the airflow under the wing bend outward toward the tip 
in an effort to equalize the pressure. The resulting circulation and 
the downwash effect of the airflow over the wing causes the air leaving 
each trailing edge to form a vortex sheet which rolls itself up into a 
swirling spiral of air aft of the wing tips. After the roll up is 
completed, the wake consists of two counter rotating vortices. On 
modern swept-wlng aircraft, the roll up process is well underway even 
before the flow leaves the wing tips. 

Page 2 FIGURE 1. The rolling up process. 
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