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Effect of a Trailing-Edge Jet on Fin Buffeting

S. Phillips,¤ C. Lambert,† and I. Gursul‡

University of Bath, Bath, England BA2 7AY, United Kingdom

Effect of a trailing-edge jet on the interaction of a leading-edge vortex with a � n and resulting � n buffeting was
investigated in water-tunnel as well as wind-tunnel experiments. Flow visualizationshowed that � n-induced vortex
breakdown can be delayed into the wake even for the head-on collision of the leading-edge vortex with the � n.
Hence it was demonstrated that the adverse pressure gradient caused by the presence of the � n could be overcome
with a de� ected trailing-edge jet. Delay of vortex breakdown into the wake even for relatively small values of jet
velocity ratio is possible for de� ected jets, whereas the effectiveness of the jet with no de� ection is very limited.
Buffeting response of a � exible � n in wind-tunnel experiments showed that there was considerable delay of the
onset of buffeting to higher angles of attack with increasing jet momentum for ¯ = 30 and 45 deg. Depending on the
� n location with respect to the leading-edge vortex, it was possible to shift the buffeting envelope as much as 12 deg
in incidence of the wing. Experiments with varying wing sweep angle showed that jet blowing was as effective in
attenuating � n buffeting for less slender wings. Wind-tunnel experiments also showed that the nozzle geometry is
very important and causes very different buffeting envelopes for the same momentum coef� cient.

Introduction

E XPERIMENTAL evidencesuggests that several unsteady� ow
phenomenacan cause � n buffeting.Thesephenomenaand their

physical models were recently discussed by Gursul and Xie.1 How-
ever, vortex breakdown phenomenon is the most important source
of buffeting over delta wings. A wide variety of investigationswas
conductedon both simpli� ed � n-delta-wingcon� gurations and � ns
on actual model aircraft in order to understand the mechanisms
of � n buffeting and the relation to the vortical � ow� elds over the
wing.2¡13 A good summary of the experimental investigations is
given by Wolfe et al.8

Both structural-controland � ow-controlmethods have been used
by previous investigatorsto attenuate � n buffeting.Structuralmeth-
ods include increasing the stiffness and damping. There have also
been attempts to reduce the buffeting with active vibration con-
trol techniques using piezoelectric actuators14 or an active rudder15

without any knowledge of the � ow� eld. Unfortunately, only mod-
est reductionsin � n responseare possiblewith the structuralcontrol
methods in the absenceof any� ow-controlmethod.Regarding� ow-
control methods, several techniques are available in order to alter
the position of the vortex with respect to the � n or delay vortex
breakdown.These includeblowing16 and suction17 on the wing sur-
face, fences,3 and variable position leading-edge extensions.18 A
general review of vortex breakdown control methods is presented
by Mitchell and Delery.19 Common to these investigationswas the
introduction of modi� cations well upstream of the breakdown and
close to the origin of the vortex. However, these methods are not
effective over a wide range of angle of attack encountered dur-
ing a maneuver because of drastic changes in the position of the
vortex. Moreover, the effectiveness of these techniques reaches a
saturation with increasing control parameter (such as the blowing
coef� cient) as one tries to delay the location of vortex breakdown
because vortex breakdown phenomenon strongly depends on the
external pressure gradient. Trailing edge of the wing and, more im-
portantly,the � n itself producesan adversepressuregradient,which
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is the dominant factor in determining the location of vortex break-
down and the magnitude of � n buffeting. Limited effectiveness of
the � ow-control techniques just mentioned is caused by incapabil-
ity of altering the external pressure gradient while modifying the
structure of the vortices.

The purpose of this study is to investigate a different aspect of
vortex control technique, which is more likely to alter the exter-
nal pressure gradient, and involves a jet at the trailing edge of the
wing. As the bene� cial effects of trailing-edge blowing on vortex
breakdown over delta wings are well known,20¡23 this has good
potential to overcome the adverse pressure gradient caused by the
trailing edge and the � n and to delay vortex breakdown and attenu-
ate � n buffeting.Thrust vectoring remains as a preferred method of
integrating propulsive and lift systems for modern � ghter aircraft,
which can have thrust/weight ratio larger than unity.24 This means
that large amount of mass injectionthrough trailing-edgejets is pos-
sible. This study concentrateson the effects of a trailing-edgejet on
� n buffeting.

Experimental Setup
Water-Tunnel Experiments

Initial experiments with trailing-edge blowing were performed
in a water tunnel located in the University of Bath because of its
advantages in � ow visualization. The water tunnel has a horizon-
tal working section, with a cross-sectional area of 15 by 20 in.
(381 by 508 mm). The delta wing and � n were designed and
scaled to those used in the wind-tunnel experiments previously re-
ported elsewhere.25 The wing and rigid � n are shown in Fig. 1.
The chord length is c D 250 mm, giving a Reynolds number around
Re D 2:5 £ 104 for U1 D 10 cm/s. At the maximum angle of attack
® D 40 deg, the blockage ratio was 6%, and no correction on the
data was attempted. The � n was attached to the trailing edge of the
wing with a screw, and the location of the � n could be varied from
y f =s D 0.0 to 1.0 with increments of 0.1.

For the trailing-edge blowing experiments a rectangular nozzle
with an aspectratioof 6 anda widthof 30mm was placedunderneath
the wing as shown in Fig. 1. The centerlineof the nozzle coincided
with the approximatepositionof the vortex axis (yv=s ¼ 0.6) within
the range of angleof attack tested. The spanwise locationof the vor-
tex was estimated from the pressure measurements across the span
at x=c D 0.5 in the absenceof the � n.25 It was found that the location
of the suction peak is only slightly affected by the angle of attack,
showing that the spanwise location of the leading-edge vortex is
roughly constant. An important parameter was jet de� ection angle
¯ , which was generated by using a thin plate with the same width
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PHILLIPS, LAMBERT, AND GURSUL 591

Fig. 1 De� nition of � n location yf and jet de� ection angle ¯.

Fig. 2 Schematic of the experimental setup in water tunnel.

as the nozzle to de� ect the jet (see Fig. 1). The volumetric � ow rate
of the jet was measured by a rotameter, which was placed at the
discharge side of a submersible pump as shown in Fig. 2. The max-
imum jet velocity obtained was Ujet=U1 D 8.9, which corresponds
to a momentum coef� cient of

C¹ D ½U 2
jet Ajet

¯
1
2 ½U 2

1 Sw D 0:708

Here Ajet and Sw denote cross-sectionalarea of nozzle exit and sur-
face area of the wing. As the thrust/weight ratio can be larger than
unity,24 it can be shown that the momentum coef� cient can take up
valueson the orderof unity.The valuesof the momentum coef� cient
used in the experiments are therefore realistic and also consistent
with the range used by the other investigators.20¡23 In the water-
tunnel experiments dye � ow visualizationwas used to visualize the
vortex trajectories and breakdown location. A digital video cam-
era was used to record the � ow visualizationand to further analyze
the results. The measurement uncertainty for vortex breakdown lo-
cation was 1% of the chord length. Estimated uncertainty for the
momentum coef� cient was 2%.

Wind-Tunnel Experiments

Additional experiments in a 2.12 by 1.51 m low-speed wind tun-
nel were carried out to demonstrate the applicabilityof the proposed
control methods at higher Reynolds numbers. A � exible � n shown
in Fig. 3a was designedand fabricated.It consistsof a thin aluminum
spar surroundedby several wood segments to provide aerodynamic

a) Design of � exible � n (dimensions in mm)

b) Half-delta wing modal, � n and splitter plate

Fig. 3 Overview of the experimental setup in wind tunnel.

shaping. The advantages that the wood sections offer are low ma-
terial density and ease of fabrication. These sections were attached
to the spar with small bolts. With this design the contributionof the
wood sections to the bending stiffnessof the spar is minimized. The
dimensionsof the spar were chosen to obtain the natural frequencies
of the � rst bending mode for a typical modern combat aircraft. The
thickness of the spar was 2 mm. The leading edge of the � n was
double bevelled at an angle of 30 deg. The main dimensions of the
� n are given in Fig. 3a. The spar was attached to the delta wing by
a bracket near the trailing edge of the wing.

The experimental setup, which uses a half-model delta wing and
a splitter plate, is shown in Fig. 3b. Three delta-wing models with
sweep angles 3 D 65, 70, and 75 deg were used in the experiments,
although the majority of the tests were carried out for 3 D 75 deg
as in our previous investigations and in water-tunnel experiments.
All three wings had a chord length of c D 500 mm and a thickness
of 15 mm. The lee surface was � at, whereas the leading edges were
bevelled at 45 deg on the windward side. The Reynolds number
based on the chord length was Re D 3:5 £ 105 . For 3 D 75 deg the
dimensions of the delta wing and � n are scaled to those used in
the water-tunnelexperiments.Buffeting responseof this � exible � n
was investigated by measuring the � n vibration levels sensed by a
tip accelerometerattached to the spar.The measurementuncertainty
for the tip accelerationis estimated as 2%. In addition to calculating
the rms value of the � n tip acceleration, the spectra of the tip accel-
eration were examined for each case. The � n vibrations occurred
at the natural frequency of the � rst bending mode, which is hardly
in� uenced by the angle of attack.

An identicalnozzle scaled to one used in the water-tunnelexperi-
ments was connectedto pressuredair supply to producethe trailing-
edge jet. The mass � ow of the jet was monitoredby a rotameter,and
the maximum momentum coef� cient obtained was C¹ D 0.287 for
3 D 75-deg delta wing. Because of the limitations of the air sup-
ply, this maximum momentum coef� cientwas considerablysmaller
than that used in the water-tunnel experiments.

Results
Water-Tunnel Experiments

Previous wind-tunnel investigation25 using a � exible � n showed
that the � n location y f =s is a very important parameter in addition
to the angle of attack. Outboard � n locations produce very light
buffeting, surprisingly even at high angle of attack. Inboard � n lo-
cations can produce the heaviest buffeting, depending on the angle
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592 PHILLIPS, LAMBERT, AND GURSUL

a)

b)

c)

Fig. 4 Flow visualization for a) yf /s = 0.2, ® = 25 deg; b) yf /s = 0.2,
® = 35 deg; and c) yf /s = 0.6, ® = 23 deg for no jet blowing.

of attack. At low to moderate angles of attack, the buffeting is light.
An example is shown in Fig. 4a for y f =s D 0:2 and ® D 25 deg. At
high angle of attack, in particular when the shear layer impinges
on the � n, the heaviest buffeting is observed. Here, the shear layer
refers to the regionof largevelocitygradientformed betweennearly
stagnant � ow near the centerof vortexand the freestream.An exam-
ple is shown in Fig. 4b for y f =s D 0:2 and ® D 35 deg. A particularly
interestingcon� guration is for y f =s D 0:6, which correspondsto the
approximate position of the vortex axis within the range of angle
of attack tested. An example is shown in Fig. 4c for ® D 23 deg.
Because of the adverse pressure gradient produced by the presence
of the � n, vortex breakdownis always observedupstream of the � n.
This head-on collision of the vortex with the � n produces moderate
level of buffeting, when compared to heavy buffeting produced for
inboard � n locations. The fact that the head-on collision does not
produce large buffeting when the center of the vortex impinges on
the � n is consistent with the previous work.4;10 Consequently, we
focused on the � n locations y f =s D 0.2, 0.4, and 0.6 in this study.

Figures 5–7 show � ow visualizationpictures for a) no � ow con-
trol and b) jet blowing at the maximum � ow rate (Ujet=U1 D 8.9,
C¹ D 0.708) for y f =s D 0.2, 0.4, and 0.6. The angle of attack is
® D 31 deg, and the jet de� ection angle ¯ D 30 deg. It is seen that
vortex breakdown is delayed into the wake for all three � n locations
when the jet is turned on. In fact, even for the head-on collision
(y f =s D 0.6) it is possible to eliminate the breakdown completely.
Effect of the velocity ratio Ujet=U1 on the location of vortex break-
down is shown in Fig. 8 for ® D 30 and 40 deg for various jet de-
� ection angles ¯ . Figure 8a shows that complete elimination of
vortex breakdown even for relatively small values of jet velocity

a)

b)

Fig. 5 Flow visualization for yf /s = 0.2, ® = 31 deg, ¯ = 30 deg: a) Ujet/
U1 = 0 and b) Ujet/U1 = 8.9 (C¹ = 0.708).

a)

b)

Fig. 6 Flow visualization for yf /s = 0.4, ® = 31 deg, ¯ = 30 deg: a) Ujet/
U1 = 0 and b) Ujet/U1 = 8.9 (C¹ = 0.708).

ratio is possible for de� ected jets, whereas the effectiveness of the
jet with no de� ection (¯ D 0 deg) is very limited. Positive effect of
jet de� ection in delaying vortex breakdown was noted previously
for a delta wing21 and with no � n. Our results for y f =s D 0.2 is
consistent with those of Ref. 21. Similar observations can be made
from Fig. 8b for a higher angle of attack, although � ow control is
less effective overall. No attempts were made to study the effect of
de� ection angle in detail, and only four values of ¯ were used in
the current experiments.Nevertheless, the results suggest that there
might be an optimum value of ¯ , which may depend on the angle
of attack. Consequently we performed detailed � ow visualization
experiments for ¯ D 30 and 0 deg for comparison.
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PHILLIPS, LAMBERT, AND GURSUL 593

a)

b)

Fig. 7 Flow visualization for yf /s = 0.6, ® = 31 deg, ¯ = 30 deg: a) Ujet/
U1 = 0 and b) Ujet /U1 = 8.9 (C¹ = 0.708).

a)

b)

Fig. 8 Variation of vortex breakdown location as a function of velocity
ratio for yf /s = 0.2, jet de� ection angles ¯ = 0, 15, 30, and 45 deg, and
for a) ® = 30 deg and b) ® = 40 deg.

Fig. 9 Variation of breakdown location with angle of attack for
¯ = 0 deg.

Figures 9 and 10 show the variation of breakdown location as
a function of angle of attack for three � n locations for ¯ D 0 and
30 deg, respectively.In each case no � ow control (Ujet=U1 D 0) and
jet blowing at the maximum � ow rate (Ujet=U1 D 8.9, C¹ D 0.708)
are compared. Each data point represents the time-averaged break-
down location, and large scatterof data is observed, in particular for
the jet blowing, which indicates the unsteadycharacter of vortex/jet
interaction.It is seen in Fig. 9 that, for ¯ D 0 deg, vortex breakdown
location is delayed 20 to 30% of the chord length with a trailing-
edge jet. For ¯ D 30 deg shown in Fig. 10, the delay is around 40 to
60% of the chord length. For y f =s D 0.2 and 0.4 vortex breakdown
can be completely eliminated up to an angle of attack of around
35 deg. Even for the head-on collision case y f =s D 0.6 for which
vortex breakdown is always upstream of the � n, breakdown can be
eliminated up to ® D 30 deg with jet blowing. A summary of the
results presented in Figs. 9 and 10 is shown in Fig. 11 together with
the results for no � n case. It is seen that for Ujet=U1 D 0 breakdown
location for all three � n locations is further upstream compared to
no � n case, and the effect of � n locationis negligiblefor xbd=c · 0.6.
ForUjet=U1 D 8.9 (C¹ D 0:708)breakdownlocationfor y f =s D 0:2,
0.4, and no � n case roughlycollapse,whereasvortex breakdownfor
the head-on collision case is further downstream.

The results presented so far show that vortex breakdown caused
by the presence of a � n can be completely eliminated by a trailing-
edge jet even at high angle of attack. Most likely reason behind this
improvementis that the trailing-edgejet createsa favorablepressure
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594 PHILLIPS, LAMBERT, AND GURSUL

Fig. 10 Variation of breakdown location with angle of attack for
¯ = 30 deg.

gradient near the trailing edge21 and reduces the adverse pressure
gradient caused by the � n. This is similar to the early experiments
of Lambourne and Bryer,26 who showed that a downward de� ection
of a trailing-edge� ap delayed the vortex breakdown.Likewise, vor-
tex breakdowncould be completely eliminated on a cambered delta
wing. It can be argued that a de� ected jet acts like a de� ected � ap
and accelerates the � ow near the trailing edge, and hence reduces
the adversepressure gradient. However, there are other factors such
as entrainment effects suggested by Ref. 20 and the interaction be-
tween the jet and the wing vortices.27 As the jet exhausts into a
cross� ow, a counter-rotatingvortex pair is generated. Wang et al.27

showed that wing vortices can be drawn toward the jet center by
the induced velocity created by the jet vortices. Figures 12 show
� ow visualizationpictures for a) Ujet=U1 D 0, b) Ujet=U1 D 8:9 (in
a “steady-state case”), c) right after the jet is turned off, for the fol-
lowing parameters: y f =s D 0:2, ® D 30 deg, ¯ D 30 deg. It is seen
that the leading-edge vortex is drawn toward the jet and is nearly
parallel to the jet in the steady-state case. When the jet is turned
off, the wing vortex realigns itself to become nearly parallel to the
freestream.Then the vortex breakdownslowly propagatesupstream
and eventually reaches a steady-state location similar to that shown
in Fig. 12a. The role of jet entrainment and jet/vortex interactions
deserves further study.

Wind-Tunnel Experiments

To quantify the effect of trailing-edge jet on the buffeting of the
� exible � n, detailed experiments were carried out for 3 D 75-deg

a)

b)

Fig. 11 Variation of breakdown location with angle of attack for ¯ =
30 deg and a) Ujet/U1 = 0 and b) Ujet/U1 = 8.9 (C¹ = 0.708).

a)

b)

c)

Fig. 12 Flow visualization for a) Ujet /U1 = 0, b) Ujet /U1 = 8.9 (C¹ =
0.708), and c) right after the jet is turned off, yf /s = 0.2, ® = 30 deg, and
¯ = 30 deg.
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PHILLIPS, LAMBERT, AND GURSUL 595

Fig. 13 Variation of rms tip acceleration as a function of incidence for
yf /s = 0.2.

delta wing for y f =s D 0.2, 0.4, 0.6, and jet de� ection angles
¯ D 0, 15, 30, and 45 deg. Figure 13 shows the variation of the
rms tip accelerationas a function of angle of attack for various mo-
mentum coef� cients for the � n location y f =s D 0.2. It is seen that
the effect of the jet momentum is very small for ¯ D 0 deg, but there
is considerable delay of the onset of buffeting with increasing jet
momentum for ¯ D 30 and 45 deg. It is possibleto shift the buffeting
envelope as much as 8 deg in angle of attack at the largest momen-
tum coef� cient. Hence, blowing at the trailing edge appears to be
more effective at the higher jet de� ection angles. These results are
consistentwith the � ow visualizationpictures obtained in the water

Fig. 14 Variation of rms tip acceleration as a function of incidence for
yf /s = 0.4.

tunnel (see Figs. 8–10). Figure 14 shows the variation of the rms
tip acceleration as a function of angle of attack for various ¯ and
y f =s D 0:4. Again there is negligible effect for ¯ D 0 deg, whereas
delays of as much as 12 deg in the buffeting onset incidence are
possible at high jet de� ection angles. The results for y f =s D 0.2 and
0.4 are very similar with clear delays in buffeting response to higher
angles of attack when the jet is turned on, although the buffeting
levels are somewhat smaller for y f =s D 0.4.

Figure 15 shows the variation of the rms tip acceleration as a
function of angle of attack for various ¯ and y f =s D 0.6. Note that
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596 PHILLIPS, LAMBERT, AND GURSUL

Fig. 15 Variation of rms tip acceleration as a function of incidence for
yf /s = 0.6.

for this � n locationthe spanwisepositionof the vortexaxiscoincides
with the location of the � n leading edge. For this head-on collision
case vortex breakdown is generally upstream of the � n (except for
large values of jet momentum coef� cient), and the overall level of
buffeting is smaller than that of y f =s D 0:2 and 0.4. It is seen in
Fig. 15 that the variation of the rms tip acceleration with angle of
attack is also more gradual compared to other cases. The effect of
jet blowing at the trailing edge is very small for this � n location for
all jet de� ection angles tested.

Some experimentswere performed in order to study the effect of
nozzle geometry. In particular, the nozzle aspect ratio and the noz-
zle width to wing semispan ratio might be important parameters.
The dimensions, width/semispan ratio, and aspect ratio of several
nozzles tested are given in Table 1. The original nozzle is denoted
as case A in the table. To make a comparison of the effect of noz-
zle geometry, the momentum coef� cient was kept the same for all
nozzles tested. The last column in Table 1 shows the velocity ratio
Ujet=U1 for the maximummomentum coef� cient used for the origi-
nal nozzle (C¹ D 0.287).Figure 16 shows the variationof the rms tip

Fig. 16 Variation of rms tip acceleration as a function of incidence for
yf /s = 0.4 and C¹ = 0.287.
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PHILLIPS, LAMBERT, AND GURSUL 597

Table 1 Dimensions, width/semispan, aspect ratio,
and velocity ratio for nozzles

Dimensions, Ujet=U1
Nozzle mm2 Width/semispan Aspect ratio (C¹ = 0.287)

A 60 £ 10 0.45 6 4
B 60 £ 5 0.45 12 5.66
C 60 £ 2.5 0.45 24 8
D 30 £ 5 0.22 6 8

Fig. 17 Variation of rms tip acceleration as a function of incidence for
yf /s = 0.2 and ¤ = 65 deg.

acceleration as a function of angle of attack for four nozzles at var-
ious jet de� ection angles for C¹ D 0:287 and y f =s D 0.4. Buffeting
response differs very little for ¯ D 0 and 15 deg, but there are large
effects of nozzle geometry for ¯ D 30 and 45 deg. At these large
de� ection angles the original nozzle appears to be more effective in
delaying the onset of buffeting, although there is an accompanying
increase in the maximum levels of buffeting.Also, although the ve-
locity ratio Ujet=U1 is the smallest for the original nozzle (case A,
see Table 1) it provides the best performance.In fact, there is a trend

Fig. 18 Variation of rms tip acceleration as a function of incidence for
yf /s = 0.4 and ¤ = 65 deg.
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598 PHILLIPS, LAMBERT, AND GURSUL

Fig. 19 Variation of rms tip acceleration as a function of incidence for
yf /s = 0.7 and ¤ = 65 deg.

that jet blowing becomes less effective with increasingUjet=U1 for
the constant C¹. Clearly there remain several aspects of the effect
of nozzle geometry to be studied in future work.

Finally, some experiments were carried out to study the effect
of wing sweep. One expects that adverse pressure gradient which
exists as a result of the trailing edge depends on the slenderness of
the wing. With this in mind, detailed experiments were performed
for 3 D 65 deg wing, using the originalnozzle.Figures 17–19 show
the variation of the rms tip acceleration as a function of angle of
attack for various jet velocity ratios; jet de� ection angles ¯ D 0,

Fig. 20 Maximum shift in incidence in buffet envelope as a function
of momentum coef� cient for yf /s = 0.4 and ¯ = 45 deg.

15, 30, 45 deg; and � n locations y f =s D 0.2, 0.4, and 0.7 (which
correspondsto head-oncollisioncase for thiswing).Note that for the
same jet velocitythedimensionlessmomentumcoef� cient is smaller
for 3 D 65-deg wing as a result of larger wing area. Consequently,
the maximum momentum coef� cient that can be attained is smaller.
Nevertheless, the results are qualitatively similar to those obtained
for 3 D 75 deg. Except the head-on collision case, the jet blowing
appears to be effective,in particularat higher jet de� ectionangles.A
bettercomparisonfor theeffectofwing sweep is shownin Fig. 20 for
y f =s D 0.4 and ¯ D 45 deg. Maximum shift in incidence in buffet
envelope with respect to C¹ D 0 case is plotted as a function of
the momentum coef� cient C¹ for all wings. Although there is large
scatter in data (presumablybecauseof the effect of nozzlegeometry
with respect to the wing), the trend con� rms that jet blowing is as
effective for decreasing wing sweep angle.

Conclusions
Effect of a trailing-edge jet on the interaction of a leading-edge

vortex with a � n and resulting � n buffeting was investigated in
water tunnelas well as wind-tunnelexperiments.Flow visualization
studies showed that vortex breakdown is induced as a result of the
adverse pressure gradient imposed by the � n, but can be delayed
into the wake with increasing jet momentum coef� cient. Even for
the head-on collision of the leading-edgevortex with the � n, it was
possible to eliminate the breakdown completely. Delay of vortex
breakdown into the wake even for relatively small values of jet
velocity ratio is possible for de� ected jets, whereas the effectiveness
of the jet with no de� ection is very limited. For ¯ D 30 deg, vortex
breakdowncan be delayedup to 60% of the chord length depending
on the � n locationwith respect to the leading-edgevortex.Buffeting
response of a � exible � n in wind-tunnel experiments showed that
the effect of jet momentum was very small for ¯ D 0 deg, but there
was considerabledelay of the onset of buffeting to higher angles of
attack with increasing jet momentum for ¯ D 30 and 45 deg. It was
found that it was possible to shift the buffeting envelope as much as
12 deg in incidence of the wing. The wind-tunnel tests showed that
blowing at the trailing edge appears to be more effective at higher
jet de� ection angles, which is consistentwith the � ow visualization
results obtained in the water tunnel. It appears that jet blowing is as
effective for less slender delta wings.

The results presented in this paper show that vortex breakdown
caused by the presenceof a � n can be delayedby a trailing-edgejet,
with resulting attenuationof � n buffeting. It is suggested that the jet
creates a favorable pressure gradient and reduces the adverse pres-
sure gradient caused by the � n. However, there are several factors
that need further studies: effect of jet entrainment, vortex interac-
tions between the jet and wing vortices, and the effect of nozzle
geometry. Our limited wind-tunnel experiments showed that the
nozzle geometry is very important and causes very differentbuffet-
ing envelopes for the same momentum coef� cient.
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