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Trailing Vortex Effects on
Following Aircraft

James D. Iversen* and Shmuel Bernstein t
Iowa State University, Ames, Iowa

WIND-TUNNEL tests and a strip-theory analysis have
been utilized to estimate the change in lift force and roll-
ing moment on an aircraft due to its penetration into the
vortex trail of a leading aircraft. The motivation for this
investigation is the effect of the vortex-trail phenomenon
on delivery by parachute by similar aircraft flying in in-
trail formation.

In the present investigation two one-hundredth scale
unpowered models of the Lockheed C-130 transport air-
craft were tested in the Iowa State University three-di-
mensional smoke-tunnel. The two models are shown dur-
ing testing in Fig. 1. A smoke stream was directed at the
nose of the leading model and the approximate vertical
location of the trailing model relative to the wake of the
leading model was thus obtained from photographs. The
trailing model was positioned at various lateral positions
relative to the leading model, and also at various vertical
positions both above and below the leading model wake.
The trailing model support is instrumented for the deter-
mination of lift and drag.

Typical experimental results for lift coefficient are
shown in Fig. 2. The longitudinal separation of the two
models is approximately two span-lengths. The ratio of
wing span to test section breadth is 0.44 and the ratio of
wing span to test section height is 0.53. Results presented
here are interpolated at a Reynolds number (based on
mean aerodynamic chord) of about 150,000. The solid line
in the figure was calculated from Eq. (1) below. Addition-
al experimental data is presented in Ref. 1.

Fig. 1 Wind-tunnel test showing leading and trailing aircraft
models and smoke-stream directed at the nose of the leading

model.
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For the present investigation, a simple strip theory
technique, based on Wetmore and Reeder's expression2 for
tangential speed in the trailing vortices, was used to cal-
culate lift and rolling moment on a trailing aircraft flying
at various positions relative to the vortex trail and in a
direction parallel to the trail. The theory consists simply
of calculating the downwash velocity at the line of aerody-
namic centers of the following wing due to the leading
wing vortex trail, and then assuming that the lift coeffi-
cient at each section of the trailing wing is changed by an
amount equal to the product of the change in local angle
of attack due to the vortex trail and the finite wing lift-
curve slope. Spot-checks were made of the results using
lifting-line theory and good agreement was attained. The
result, using the viscous vortex model of Ref. 2, is
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Fig. 3 Trailing aircraft lift coefficient variation with vertical
and lateral displacement.

Equations (1) and (2) give the change in lift and rolling
moment coefficients of the trailing aircraft wing from the
undisturbed equilibrium flight condition (i.e., away from
the influence of the leading aircraft trailing vortices).
C(L)o is the lift coefficient of the leading aircraft. The
coordinates z and y correspond to the distance of the cen-
terline of the trailing wing below and to the right of the
midpoint between the leading aircraft's two trailing vorti-
ces. The coordinate x is the longitudinal distance between
the leading and trailing aircraft. The primes refer to the
local position on the trailing wing with respect to its cen-
terline. ARt and ARi are the trailing and leading wing as-
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Fig. 4 Trailing aircraft rolling moment variation.

pect ratios, m the trailing wing lift-curve slope, S, c, and
b are the leading wing's area, mean aerodynamic chord,
and wing-span, respectively.

Values of lift and rolling moment coefficient, calculated
from Eqs. (1) and (2), are shown in Figs. 3 and 4. These
values were used in a three-degree-of-freedom analog com-
puter program simulating the trailing aircraft motion. Re-
sults of these simulations which indicate the very erratic
motion that can occur have been reported in Ref. 3.
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Theoretical Suction and Pressure
Distribution Bounds for Flow
Separation in Retarded Flow
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Nomenclature

= damping-length constant, see Eq. (6b)
= parameter, see Eq. (8)
= local skin-friction coefficient, see Eq. (15)
= dimensionless stream function
= modified mixing length, see Eq. (6a)
= pressure-gradient parameter, (x/ue)/(due/dx)

dimensionless pressure-gradient parameter, -(dp/dx)
v/pu 3

Reynolds number, uex/v
x- and y-components of velocity, respectively
dimensionless mass transfer parameter, vw/u T
friction velocity, (Wp)1/2 = ue(cf/2):L/2

rectangular coordinates
eddy viscosity

c+ = dimensionless eddy viscosity, e/i>
7j = transformed y -coordinate, see Eq. (9)
IJL = dynamic viscosity
v = kinematic viscosity
p = density
T - shear stress
i£ = stream function
Subscripts
e = outer edge of boundary layer
i = inner region
0 = outer region
w = wall
primes denote differentiation with respect to T;.
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