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EXPERIMENTAL STUDY OF THE EFFECT OF SPAN LOADING ON AIRCRAFT WAKIES

Victor R, Corsiglin,* Vernon J. Rossow,t and Donald L. Ciffonet
Ames Research Center, NASA, Moffett Ficld, California 94015

Abstroct

Measurements were made jn the NASA-Ames A0- by
80-Foot Wind Tunnel of the rolling moment Indueed on a fol-
lowing mode! in the wake 1 3.6 spans behind a subsonie transport
meodel for n variety of trailing edge fap settings of the generator.
1t was found that the rolling moment on the following model was
reduced substantially, compared fo the conventional fanding con-
figuration, by reshaping the span loading on the generating model
to apyroximate a span foading, found in earlicr studies, which
resulted in reduced wake velocities, This was accomplished by
retracting the outboard trailing edge Naps, It was concluded,
based on flow visualizatlon conducted in the wind tunne] ns well
as in a water tow facllity, that this flap arrangement redistributes
the vorticity shed by the wing along the span to form three
vortex pairs that Interact to disperse the wake,

Nomenclature
F. 13 = aspecl ratio, b?/S
b = span of wing
c = wing chord
G = average chord, §/b
G = rolling-moment coefficient, (orque!(; put Sb)
CL = ftcoeffclent, ift/() pUL2S)
S = wing area
t = {ime
U, = [ree-stream velocity (aligned with x axis)
Xy = coordinate axes; x is streamwise and v is spanwise
o = angle ol attack
r = ¢ireulation
p = gir dunsity
Subscripts
r = f{ollowing mode! that encotunters wake
o = mode] that generates wake
Introduction

The trend toward higher alr traffic density at aimports
coupled with the widening range in aircraft size increases the
hazard to small aircraft that might encounter a large aircraft's
trhiling wake vortices. One form of the hazard is an overpowering
rolling moment on the encountering aircraft, The Department of

*Aerospace Engincer. Member ATAA.
tStaff Scientist, Assaciate Fellow AIAA,
f Aerospace Enginecr.

Transportation is studying means [or Jocating these vortices 1
order to vector nircralt away fom the vortex wake aml o cstab-
lish safe operating distances. The NASA effort has vonventnisd
on the study of possible ways to reduce the rolling moment on
an encountering aitcraft to a controllable Jevel, Initial investiga-
tions have been directed at finding possible ways to accomplish
this by changing the generaling aireraflt confliguration only
slightly [n what would be considered a retrofit modiflication. Asa
part of this study, the iaestigatton reported herein considers a
variety of flap configurations on u typical subsonic jet transpuort
in an attempt to determine whetber the vortex wake is signifi
cantly modificd by the spun loading changes that are possible
with the existing flap system. Other methods for alleviating the
vortex wake intensity, such as turbulence injecion into the vor-
tex?>?+* and initiation of vortex instabilitier by oscilluting the
wing geometry,*+* are not reported here.

The application of span joad maodification to the present
confipuration was stimulsted and guided by recent theoretical
studies®? that prediet a significant reduction of the veloeitics in
the wake by a redistibution of the spanwise loading on the
generating wing, These results were confirmed in 2 later experis
mental study of the wake of a swept wing in a water tow lacil-
ity.® In the present experiments. the span loadings produced by
independently chianging the deflection of the trailing edge Nops
¢an be considered as approximations to the span loadings that
were Tound, theoretically, to yicld large voriex cores and inter-
actions between muliiple vortices. The subsonic transport model
used in the present tests to generate the vortices is representative
of a B747 airplane. As the 1ift on this generating model was
viried by changing the anple of attack, the rolling moment on
several following aircraft models was measured at several vertical
und lateral locations in the wake. The technique used here is
similar to that of Wentz.” Singh,'® Banta,!! Iversen}? und
Dunham,?? The work of Dunham {carded out congurrently)
uses jclentical generator and follower models. Dunham's rolling-
moment experiments differ, however, in that his models are
towed through warer, and his results extend to greater down.
stream distances,

Apparatus and Test Procedure

Wind-Tunnel Setup

A schematic dijagram of the experimental setup is shown in
Fig. I with the generator model at the forward end of the test
seetion and following model at the exit of the test section of
the NASA-Ames Rescarch Center 40- by 80-Foat Wind Tunnel.
The generator mode! is centrally located in the inlet wnd is
attached by a single strut through a straingape balance to measure
lift, The angle of atlack of the generator was sel remately
through an actuator and indicator. Downstream of the generator
model 24.4 m (80 {1}, a follewer model was mounted an a single
strut that could be remotely positioned vertically over a 3.05 m
(10 ft) range and laterally over a 4.27 m (14 1t range. Additional
geometric detnils of the follower models are given in Tabie 1, The
follower model was aftached to ifs strut throuph a strain-gage
balance to measure rolling moment, Fullseale range for the
balance was such that adequate sensitivity would be provided lor
the rolling moment encountered on each mode! {see Table 1),
The following model was constructed of balsa wood to ensure a
high-lrequency response, and, as a result, the natural frequency
of tae model balance combination (31 Hz, model 1) was several
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Fig 1 Uxperimental setup in the NASA Ames 40- by 80-Foot
Wind Tunnel.
Table | Model Dimensions and Wind-Tunnel Conditions
Mode! dimensions
Following model i 2
Span, cm (in.) 874 (344) 233.3(13.1)
Chord, ¢cm {In.) 2839 6.1 (2.4)
Aspect ratlo 8.9 5.5
Wing section NACA 0012 NACA 0012
Fuselage dismeter, em (In,) 5.1 (2.0) 5.1(2.,0)
Balance fullscale range,
N-m (in.-lb) 11,3 {100} 3.4 (30)
Generator model
Wing
Span, cm (in.} 179 (70,5)
Root incidence +2°
Tip incidence ~-2°
Area, m* (ft*) 0.459 (4.94)
Average chord, cm {in.) 25.6¢10.1)
Aspeet ratlo 7
Horizontal stabilizer o°
;Winci-lunncl conditions
U, m/s (ft/sce) 40131
Reynolds number based on
average chord 7X10%

times larger than rolling moment frequencies encountered. The
subsonie transport model (Fig. 2) that war a8d es the wake
vortex generator was cquipped with two spanwize s5aments of
triple-slotted trailing edge flaps, capable st Wovidin, high lift,
Full-span leading edge slats were installed sshen e trailing edge
flaps were deflected.

Rol]mg—Moment Meas'mmunt

The proccdurc for rccording the rolling monient consisted
of setting the gencrator model and wind-tunnel conditions and
selecting a lateral and vertical position for the following model.
The time-varying rolling-moment signal wis recorded on a light-
beum strip-chart recorder. Sufficient length of record was taken
to obtain the highest or peak rollinp moment for that location
(usually about 1 min). The procedure was then repeated at suc-
cessive [ateral and vertical positions of the aft model in about
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Fig. 2 Geometric details of the subsonle transport model (dimen-
slons in cm},

10cm (4 in,) increments to determine the maximum value of
rolling moment for cach condition, Figure 3 shows o typical
record of rolling-mement varlation with time. The source of the
unsteadiness of the rolling moment signals is the meander of the
vortices In the wind tunnel due to wind tunnel turbulence.
Earller studies have shown? that single vortices can move about
o5 much as 1 m (3.3 ft), The peak rolling moment values shown
on Fig, 3 are interpreted gs corresponding to the times when the
following model is aligned with a vortex center, During the
38 sec of data shown, the penk rolling moment was repeafed
three times.
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Fig. 3 Typical record of rolling moment induced on following
mode! | as a function of time; generator flaps:
LdefLég,

The generator model was tesied in both the upright and
inverted positions to evalunte strut interference effects. It was
found that for the conventional configurations, where the vor-
tices are shed primarily from the wing tip region, that no strut
Interference could be found, However, for the configurations
with the span loading shifted inboard, in which vortices are shed .
inboard of the wing tip, an inverted mounting of the generator
model was required to avoid interference caused by the wake of
the model mounting strut, Figure | shows the generator model in
this inverted position.

Flow Visualization

Wind_Tunnel, The forin and motion of the vortices in the
wake of several configurations of the subsonic transport model
were studied by the use of smoke (i.e., a vaporized il mist)
inserted into the stream by a fake (not shown in Fig. 1) located
just ahead of the generator model. Oil was pressure fed to. the
rake and vaporized clecircally before being expelled into the
stream through o number of small tubes in the trailing edge of
the rake, Since the rake also had a span of about 1.8 m (5.9 f1),
the smoke flowed over the entire wing, thereby marking the
wakne. A light slit that produced a sheet of light normal to the
witke was used at several downstream stations to observe the
structure of the vortices. The rake and its supports were removed
before rolling moment measuremerits were made,
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Wafer Tow Facility, Tlow visualization studies were also
conducted by underwater towing of na identical model scaled to
& 0,61 m (211 span. This fcllity {tocated ot the University of
California’s Richmond Fleld Ssation) allows Now visualization to
greater downstream distances than are possible in the wind
tunnel, The water tank dimenslonsore 1.8 X 2.4 i (6 X 8 1) and
is 65 m 2007, .ong. Tow velocities of up to 2 m/sec (6.6 ftfsec)
were used, Dye was emitted ot the wing tips as well as the
inboard and outboard edges of the trailing edge flups, and the
light slit apparatus was again used to identify the wake struciure,

Discussion of Results

The span loadings produced by verinns flap settings of the
generator were st computed using a vortex jattice method for
the wing and flaps, including the effects of camber and twist, but
without fuselage ar tail, The predicted effect of various lap com-
binations on span loading s shown in Flg. 4. 1t Is noted that the
conventional flaps 0° and take-off configurations have approxi-
mately elliptical span loading and hence would be expected {o
shed a single vortex from each wing tip.® Witly the conventional
landing configuration, some additional sharp gradients In loading
are evident at the flap edges, from which discrete vortices might
originate, However, with one flap retracted [Fig. 4(b)], these
gradients are mure pronounced and three vortices from each wing
would be expected, fe., one from cach flap edge and one from
the wing tip.
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Fig. 4 [I'relicted span loadings on the subsonic transport model
far several flap settings,

Next, the variation of the lift coefficient with angle of
attack was measured (Fig. 5). The reduction in 1ift curve slope
for all configurations above & = 8° corresponds to the onset of

flow separation on e wing-lip region which was observed with
the aid of tufis,
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Fig. 5§ Measured lift coefficient on the subsonic transport mode)
as n function of wngle ol attack for various flap settings.

Rolling-Moment Measurements

The ralling moments imposed on both following models for
various configurations of the generator are presented in Figs. 6
and 7 as a function of the It coefficient on the subsonic trans-
port model. For the conventional flap configurations, the rolling
moment on the following maodel increases nearly linearly with
CLg up to the beginning of stall on the generator. This result s

expected because the shape of the span load distribution is nearly
independent of Hft over the range of CLg tested, and only the

magnitude changes with angle of attack. Eince the vorfex sfruc-
ture depends directly on the span leading,® only the total vortex
sirength changes with CLg- therelsy yielding a nearly linear relg.
tionship between C|_,g and (g It s also interesting to observe n

Fig. 6 that the variais curves for the conventional conNpgurations
lie on approximately the same line, This implies (hat there is no
major change in the vortex structure when one conventional Nap
configuration is changed to another. An unconventional flap
deflection that did not yield a reduction in rolling moment also
appears in Fig, 6, For these data, the inboard flap was retracted
and the outbonrd flap was left deflected to the Janding setting
(Yabeled 0°/Ldg). Below CLE= 1.0 these datd also lie on the same

line as the conventional configurations, The change in slope of the
Cyp curve above CLB = 1.0 is again associated with wing-tip stall
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Fig. 6 Variation of peak rolling moment coefficient on following
model | as a function of lift coefficient on the subsonic
transport model for the conventional 2nd outboard-leaded
configurations, bflbg = (.5,
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Fig. 7 Effect of inboard loading on the variation of peak rolling
moment coefficient cn the following model as a function
of lift coetficient on the subsonic transport model.

on the generator. The reason that this outboard loaded configura-
tion was ineffective in reducing C;r is probably due to the close

proximity of the wing-tip vortex of the flap outboard vortex.
These vortices can merge with little dispersion, leaving an intense
combined vortex,

The Ldg/0°§ configuration, in contrast, produced a sub-
stantial reduction in the rolling moment on the smaller following
mode; (Fig. 7(a)) and a modest reduction on the larger following
model (Fig. 7(b)). Dunham’s data,'* taken at 14 spans, is seen to
be in agreement with the present measurements for the Ldg/Ldg
configuration but not for the Ldg/0° configuration. However, at
30 spans downstream and beyond, he shows a reduction in C’l’

that is SO% of the Ldg/Ldg configuration. The difference
between the two results is believed to be associated with test con-
ditions (near the generator) which lead to variations i the time
required for the wake to disperse.

Flight Test Results

The wind-tunnel results are also in qualitative agreement
with recent flight test results'® conducted by NASA as a con-
sequence of these ground based experiments. The flight experi-
ments were made with a full-scale B747 airplane which could be
flown with the flap configurations discussed here. Both a Lear jet
and a T37 aircraft were used to probe the vortices of the genera-

§ This notation means inboard flap set to the landing setting
and the outboard flap set to 0°.

tor. These aircralt have the same span relative 1 the B747 as the
smaller of the following models in the present paper. The pilot:
of the probe a'rcraft reported that, from 4 K to KO km (3 to
S mi) behind, the trailing vortices, which were marked by smoke,
appeared far more concentra®~d and well defined for the
Ldg/Ldg configuration as compared 1o Ldg/0°. Furthermore,
as a result of flying in the wake at vanous ranges, they identified
a qualitative separation requirement which was much greater
for the Ldg/Ldg configuration than for the Ldg/0° configura-
tion. An additional result (which had not been investigated
in the ground-based facilities) was obtained in the flight test
It was found that, when either the landing gear of the gener-
ator was deployed or the ~eneratus was flown with yaw. a sub-
stantial part of the benefit of retracting the outboard MNap was
lost. An explanation for the effect of gear and yaw on the wake
structure is now being studied

Flow Visualization

Flow visualization studies were conducted in the wind
tunnel and in the water tow facility to gain a better under-
standing ¢f the wake structure. The wake of the conventional
flap configuration (Ldg/Ldg) was first studied as u basis for com-
parison. Figure 8(a) shows a photograph taken a' 6 spans down-
stream. This wake showed a classical arrangement consisting of
two concentrated vortex cores connected by a feeding sheet. The
accumulation of smoke at the plane of symmetry is caused by
the fuselage wake and the vortices from the inboard edge of the
inboard flaps. Visualization was conducted over the range from 0
to 13 spans in the wind tunnel and to approximately 40 spans in
the water tow facility, however the photograph appearing on
Fig. 8(a) is typical of the entire wake aft of about one span. Al
closer range a vortex pair of opposing sign is visible leaving the
region between the inboard and autboard flap on cach side of the
wing, but this pair has merged into the vortex sheet within one
span. Similarly, two vortices of like sign were seen leaving the tip
region, one at the flap edge and one closer to the tip. These
vortices quickly merge into one within about 1/2 span to form
the two intense cores appearing in Fig. 8(a).

Next, the outboard flap was retracted (Ldg/0% ). The result-
ing wake was clearly different from the first configuration
studied [Fig. 8(b)]. Three vortices per side were evident. The one
that was most intense and well defined originated at the flap
outboard edge. The two weaker vortices left the wing tip and Nap
inboard edge, respectively. The pattern rotated as it moved

o voRTh

(a) Generator flaps: Ldg/Ldg

Fig. 8 Light slit photographs of smoke traces in the wind tunnel
with an interpretive sketch of the wake at
Uy = 12 m/s (39 ft/s) and g = 4°
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Fig. 8 Concluded

downstream, with the tip vortex passing over the flap vortex so
that, by 13 spans downstream, it had rotated to a position
between the fap vortices. In this same interval, the Map inboard
vortices moved under the Mlap outboard vortices. This inboard
vortex was initially diffuse and then diffused further with down-
stream distance to the extent that, by |13 spans, its presence was
barely detectable

The Map vortex and the tip vortex ultimately merged. This
merging was clearly seen in the water tow facility but was
beyond the evailable viewing length in the wind tunnel. Figure 9
shows photographs taken in the water tow facility at the same
downstream stations that were used in the wind tunnel as well as
at a downstream distance of 32 spans. The agreement of the
vortex relative positions between the wind tunnel and the water
tow facility at comparable downstream distance is excellent
Beyond x/bg = 13, the wing-tip vortices were seen to continue to
rotate an additional 90° around the flap vortices before merging
with the flap vortices to become a large, diffuse rotating mass of
dye, as can be seen in the photograph at x/ hﬂ 32

The details of the merging process are not fully understood
at the present time. However, as can be seen from the photo
graphs, merging appears to greatly accelerate the dispersion of
vorticity. It was generally observed, for example, that a single
vortex pair in isolation, as found with the Ldg/Ldg Nap config-
uration, persisted as an organized vortex with a small core until
the vortex interacted with the walls of the facility (about 40 span
lengths downstream). In contrast, it was found that a wake
wuuld disperse rapidly of (i) multiple vortex pairs were shed with
initially large spacing, and (i1) the self-induced velocities con-
vected these vortices into close proximity to one another. As
shown on Fig. 9, the wing-tip and fMap vortices are convected into
close proximity between x/ hL’ = |.5and m’hg = 13. Next the vor-
ticity of the weak vortex (tip) is convected into an annulus
around the strong vortex (flap). This convection is sketched
schematically on Fig. 10. Here the vortical region of the weak
vortex is taken to be circular at time zero. In the time increments
shown, the region is distorted due to the velocity field of the
strong vortex. In an example where the two vortices are of com-
parable strength, the elongation of the core region occurs in both
vortices. Furthermore, the clongated core will result in additional
distortion due to self-induced velocitics The pairing of vortices
of like sign has been studied by Winant and Browand'® in con-
nection with the instability of a shear layer, They found that in
the third stage of mixing layer growth, vortex pairs interacted by
rolling around one another to form a single vortex in a manner
that is similar to the interactions seen in the present studies.

Effect of Landing Gear

T ¢ effect of the landing gear that was detected in the flight
tests was investigated both in the water tow facility and in the
wind tunnel. In the wind tunnel, no effect could be detected
either in the Now visualization or the rolling moment measure
ments. In the water tow facility, no effect was detected closer
than approximately 30 spans. At preater distances, however, with
the landing gear deployed and with the Ldg/0° configuration, the
vortex pair was seen to slowly reform into an wdentifiable core
region. With the landing gear retracted
occurred. Further research is required to perform measurements
of rolling moment or velocity at downstream distances in the
range of 25 to 50 spans to adequately explain the landing gear
effect. A conjecture is that the axial Now velocity defect in Jhe
landing gear wake causes a radial inflow that transports vorticity
back to the vortex center

no such reformation

Rolling Moment Prediction

Procedure. Prediction of the rolling moment on a following
wing 15 a difficult task, especially when the generating wing
shedding multiple vortices that are undergoing a merging or a
partial merging prior to encounter with the follower. A complete
theorctical analysis must combine a vortea lattice theory (o pre
dict the initial vorticity distribution in the wake with a calcula
tion of the wake rollup and diffusion. The method used to caleu
late rolling moment in the presert paper is a combination of
those described by Rossow ”'® That is, the structure of the
vortex wake and the rolling moment were estuinated by com
pleting the following steps

I. Calculate the span loading on the generating wing from
vortex lattice theory

2. Calculate the vorticity distribution at the wing trailing
edge by assuming a flat wake at x/by = 0

3. Approximate this vorticity distnbution by an array of
point vortices and compute the wake rollup to x ‘hg 3, using an
inviscid, time-dependent, two-dimensional calculation

4. At x/b, = 3, group point vortices to yizld a radial dis
g PP )
tribution of circulation about each vortex center

S. Finally, calculate the rolling moment on the following
wing using strip theory for each of the vortex groups

The equations of Ref. 7 are adequate to account for the
inviscid merging phenomenon sketched in Fig 10, Unfor
tunately, the method is limited by numerical instabilities and by
the accumulation of numerical errors so that the calculations
were usually terminated at x/b, = 3, which s short of the full
downstream distance of interest. These calculations were ade-
quate, however, for estimating the circulation distnbution about
each of the vortex centers that were identified in the flow visuali
zation. The vortices were then assumed to remain isolated and to
proceed without diffusion. The expression for the rolling
moment coefficient from strip theory used in step S is'*

C b¢/2b
e O ff = .
= __._0(_1.) ¢ o) L diy/b,) ()
! L by bU B
(] ¥
The ('Lo term in Eq. (1) is a variation of the expression given by

17

Jones Maskew & reasoned that a wing centered in a vortex

§B. Maskew, Hawker Siddeley Aviation Ltd (presently NRC
Associate at Ames Research Center), private communication
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Fig. 9. Light slit photographs of dye traces in the water tow facility, generator tlaps: Ldg/0
l I m/sec (3.3 tt/sec)
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Fig, 10 Id alized convective merging of a weak vortex with a
strong one,

would experience an antisymmetrie span loading and, therelore,
the appropriate Interpretation of the Jones expression is to use
half the geometric aspect ratio. He conlirmed this interpretation
by comparison with vortex lattice theory, The resulting expres-
ston for CLy is

Cp, = 28R+ 6) (2)

Comparison of Results, The foregoing steps anid equations
were used to calculnte the rolling moment on the two lollowing
wings for a range of angle of attack of the generating wing when
its Naps were deflected to the Ldg/Ldg and the Ldg/0° configura-
tions, respectively. The curves shown in Figs 11(a) and 11(b) for
the Lda/Ldg case are the computed rolling-moment coefficient
when the centerline of the following wing coincldes with the
cenfrold of vorticity, The theoretical curves are in good agree-
iient  with the experimental data, Since this configuration
involves orie vortex per side, the caleulated vorticity distribution
approaching the follower involves the least approximation to the
real flow, which probably accounts for the good agreement, For
the Ldg/0° configuration, iwo cases were considered [ Fips, 11(c)
and 11¢(d)]. Both the wing-tip vortex and the flap outboard-cdge
vortex were considered In isolation, The cxperimentn] data for
the larger follower are closcst to the theoretical estimate, based
on the flap vortex alone, whereas the data for the smaller follow-
ing model are closest to the estimate, based on a wing-tip vortex
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Fig. 11 Predicted rolling moment coefficlent compared with
present measurements.
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Fig. 11 Concluded.

penetration, Apparently, as a result of the merging of the flap
inboard and flap outboard vortices or as o result of viscous
effeets, the actual circulation distributlons are reloted to the
spans of the fellowers as sketched on Fig. 12, Thaot is, the flap
vortex has greater core size and lower circulation than was
obtained using the nbove theoretical method, which did not
gecount for merging or viscous effects. As shown, the area under
the ¢lrcutation distribution, and therefore Cp, would be larger
for the wing-tip vortex If the semispan of {'hc follower were
small. With the larger follower, the flap vortex yiclds the larger
C,vr. For the curves sketched In Flg. 12, a following wing with
semispan cqual to ye experiences the same rolling moment in
cither vortex.
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Fig. 12 Sketch of idenlized circulation distribution. For
b2 <y , wing tip vortex ylelds greater Cyp. For

b2 > yg , Nap outboard voriex ylelds greater C’f'

As noted in the flow visualization, the wing-tip and flap
vortices merged ot n downstream distanee greater than 13.6
spans, Therefore, a prediction of C;r'al the greater downstream

distances would have to sccount for this merger. The predicted
Cie for the fully merged case would be expected to be substan-
tially below that for the conventional configuration at the same
lift coefficient of the generator, This can be illustrated by the
computation presented in the next subsection,

Merging of Two Vortices, Consider the two idealized span
loadings sketched in Fig, 13(a}. For the modified configuration,




the wing-tip and flap vortices sr¢ assumed o merge Into the
single elreudar vortex core with unifermly distributed vorticity
(L., Ronkine vortex). The circulution and core diameter of this
merged vortex can be obtoined from the vortex invarfants attrib-
uted to Betz and discussed by Rossow,® The rolling-moment
coefficlent on the follower In the wake of this merged vortex, us
well as in the wake of the single vortex of the conventional
configuration, can be computed with the aid of Fq. (1) for a
given 1ift coefficlent on the generator, This result Is shown on
Fig, 13(b} as a functlon of the spacing between the two vortices
of the modified configuration. As shown, for vortex spacing »l
cxcess of 0.3 of the semispan, the reduction in the rolling:
moment coelficient behind the modified configuration, as come
pared with the canventional configuration, Is substantial. The
values of 2Dfby of interest are those sufficiendy small that
MErger occurs wllhln 8 useful downstream distance. 17 2D/by s
too Jarge, the flap vortex will move away from the wingtip vor—
tex under the influence of the Nap vortex from the other side of
the wing, thereby delaying or eliminating a merger.

°1T ----- T mMopFiED
hE ! -CONVENTIONAL
b ! i
| (R,
Fud
. D -
b by/2 A
(1) Span londing.
o
3
3
(¥3
gL ie/TELap
a5 2
[=]
=
o3 5
L il J
0 2 ) 6
Eofbg

{b) Rolling moment ratio.

Fig. 13 ldealized example of the effect of the merging of two
vortices into a single Rankine vortex on the rolling
mament coeflficlent on a follower as compared toa
single vortex wake at the same Jift and span, brlbg )2,

The above examples illustrate that the measured reduction
in rolling moment on a follower can be subsfantially accounted
for on the basis of inviscid effeets alone, Viscous diffusion of the
trailing vortex will further reduce the rolling moment on the
follower. The actual relative contribution of viscous and Inviscid
effects Is not known,

Conclusions

Previous studies of the effeet of span loading on wake
vortex structure indicated that dispersion of the Hft-enerated
vorticity could be accelerated by modifying the conventional
spanwise loadings. The present investigation showed that one of
the modifications obtainable with tralling-edge flaps on 8 model
of a subsonic transport was effective in dispersing the wake vor-
ticity so that wings that encounter its wake would experience
reduced rolling moments, ‘This configuration was obtained by
deflecting only the inboard flaps so that three vorteX pairs were
shed by the wing. Flow visualization indicated that these vortices
ultimately merged into one large, #:7"1se vortex by 32 spans

e —
LR—

downsteeam of the pencrator. The merging mechanism dsatiswed
Nere suggests that the reduction in rolling moment 1s attributable
to the merger of muluple vorbices that are mitislly separated
from one another by a sizable fraction of the semispan of the
generator.
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