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Longitudinal Response of an Aircraft
due to a Tr_ailing VQrtex Pair

A. Ramirez Jr.,* B. M. Rao,{ and A. E. Cronk{
Texas A&M University, College Station, Texas

A survey of the available literature on prediction of air-
loads on aircraft due to trailing vortices of another aircraft
and subsequent dynamics of the aircraft subjected to such
loads revealed a limited amount of information. Research
in this area has been limited due to the complexity in ad-
equately describing the vortex formation, motion, and dis-
sipation. Furthermore, flight test data would be almost
impossible to obtain due to the apparent danger imposed
on the aircraft and its crew.

In this study, an approximate method to predict the re-
sponse of a small aircraft in longitudinal motion when it is
flying through a trailing vortex system of a large aircraft is
developed. In the analysis, the vortex system was ideal-
ized as two parallel line vortices in a horizontal plane.
The following aircraft was in horizontal flight at a fixed
distance from the plane of the vortices and did not pert-

Fig. 1 Aircraft-vortex pair representation.
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Fig. 2 Variation of incremental lift coefficient per unit vortex
strength with position of left vortex.

Tablel Dimensions and specifications of De Havilland Beaver

C.G. location

Aft L.LE. MAC 35.0% MAC
Below L.E. MAC 36.0 in.
Max gross weight for this condition 4800 1bs
Areas
Wing, total 250 ft2
Horizontal tail, total, approx. 43.82 ft2
Dimensions and general data
Wing span 48 ft
Horizontal tail span 15.83ft
Wing chord (MAC) 5.2 ft
Horizontal tail chord (MAC), approx. 2.76 ft
Dihedral 2°
Wing aspect ratio 9.2
Tail aspect ratio, approx. 5.71
Distance from wing MAC quarter chord point
to horizontal tail MAC quarter chord point () 19.76 ft

urb the vortices. Several other simplifying assumptions
were made: 1) controls are fixed, 2) coupling effects be-
tween the lateral and longitudinal motions are neglected,
3) spinning rotor effects are neglected, and 4) effect of the
aircraft on the trailing vortices is neglected.

The longitudinal stability equations of motion were lin-
earized as in Ref. 1 by the application of the small distur-
bance theory and the externalaerodynamic loads were as-
sumed to consist of two parts. The first part was due to
the presence of the trailing vortex pair and the second
part was due to the changes in the flight variables which
are conventionally represented in terms of the stability
derivatives. The analysis was applied to a particular small
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Fig. 3 Variation of incremental pitching moment coefficient
per unit vortex strength with position of left vortex.



OCTOBER 1973 ENGINEERING NOTES 639

400

E% 10

2O()-‘Ll- /

3 i-sec -6 -2 -8 -4

6 12 TB——cd 4 8 2] s o
-%00

~204

- 400 o B

(=]

S

o

5

1004 é’/\_/\
.
J t ~SEC
\ :

1 -SEC

t - SEC

& a8 2 \1'6
\J

Fig. 4 Time history of flight variables for a vortex strength of 100 ft 2/sec and a height of one chord length.

aircraft, the De Havilland Beaver, and the strength of the

trailing vortex pair was assumed to be small so that the
-linearization of the equations of motion is justified.

The aerodynamic loads induced by the presence of the
vortex pair were completed by madifying the lifting sur-
face technique developed by Jones and Rao.2 In this tech-
nique, the vortex distribution on the lifting surface is as-
sumed to be a finite double Fourier trignometric series
and the downwash distribution produced by the pair of
trailing vortices is known. The solution to the integral-dif-
ferential equation between the downwash and the vortex
distributions on the lifting surface was reduced to a set of
algebraic equations by selecting a finite number of chord-
wise and spanwise stations. Thé solution of these alge-
braic equations yield the coefficients of the finite double
Fourier series for the vortex distribution. Then the aero-
dynamic forces and moments were calculated from the
known vortex distribution. In this analysis, the loads were
computed assuming the wing and the horizontal tail as
the lifting surfaces and negléecting the wing-body-tail in-
terference effects. The details of the analysis were given in
Ref. 3.

The specification of the test aircraft were given in Table
1 and the idealized model used to.compute the aerody-
namic loads was shown in Fig. 1. The test aircraft was as-
sumed to be at an altitude of 5000 ft (p = 0.002 slugs/ft3)
with a flight velocity of 170.6 fps, and at an angle A = 5°.
The span of the trailing vortex system was assumed to be
that of a Boeing 747, 195 ft, and was assumed to be at a
height of one and five chord lengths (¢ = 2, and u = 10)
from the test aircraft. The results of the lift and moment
coefficient variations with respect to the distance between
the test aircraft and the left vortex (yo1) were shown in
Figs. 2 and 3. The distance, vo1, is directly related to the
flight speed of the aircraft and the angle of incidence, \,
of the trailing vortex pair. For the test aircraft, the stabil-
ity derivatives and the drag polar were given in Ref. 4.

The longitudinal dynamic stability analysis was per-
formed for the aircraft when the aircraft penetrated the
trailing vortex pair of strength 100 ft2/sec and at A = 5°.
Although the vortex strength of Boeing 747 is considerably
larger than the assumed strength, the value was chosen to
keep the problem linear. This can be justified in view of
the faet that the vortex strength decreases exponentially
and the chosen strength may be considered as the
strength at several thousand feet away from the large air-
craft. Time histories of the ﬂlght variables @, «, and 6,
which represent the changes in flight speed, angle of at-

. tack, and pitching angle respectively, were shown in Fig.

4. 'O_ur stability analysis is analogous to an arbitrary sys-
tem which is subjected to a forced oscillation. The forced
oscillation term is analogous to the input forces and mo-
ments due to the trailing vortex system. When the forces
and moments due to the trailing vortex system are zero,
the problem reduces to describing the motion of the air-
craft due to small disturbances. In this note, the lateral
response is not studied. In a subsequent study, the same
problem is considered and the complete aircraft response
is studied treating it as a 6 degree-of-freedom system.
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