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Abstract: This paper demonstrates a new performance enhancement
methodology for Co-Flow Jet (CFJ) airfoils using discrete injection
jets. This research is motivated by the hypothesis that a discrete CFJ
(DCRJ) airfoil will generate both streamwise and spanwise vortex
structures to achieve more effective turbulent mixing than an open
slot CFJ airfoil. Aerodynamic forces and DPIV measurements show
that the DCFJ airfoil can achieve up to a 250% increase of maximum
lift, and simultaneously generates a tremendous thrust. Nearly 80% of
the injection momentum is converted to drag reduction, which
indicates that CFJ airfoils are highly energy efficient. The stall angle
of attack is also significantly increased. In other words, a DCFJ airfoil
is a high lift system and at the same time is also a high thrust
propulsion system with low energy expenditure. Best performances
are achieved with small discrete holes and large obstruction factor.
Power consumption is analyzed and is found to be low compared with
the performance gain. Thus, the DCFJ airfoil concept appears to be
very promising for the development of integrated airframe-propulsion
systems and rotorcraft systems with high performance and high
efficiency.

Nomenclature

Angle of attack

Chord length

Co-flow jet

Circulation control

Lift coefficient

Drag coefficient

Jet momentum coefficient

Jet momentum coefficient for open slot CFJ
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D Drag
L Lift
M Mach number

p Static pressure

P Power consumption
P. Power coefficient
P, Total pressure

Re Reynolds number

S Wing span area

m Jet mass flow rate

u, v, w Velocity components in x-, y-, and z-direction

Viee  Velocity vector

Vi Velocity vector for open slot CFJ

X, ¥, z chord, normal and spanwise directions, with respect to the airfoil
n Drag reduction efficiency

Mp Pump efficiency

Subscripts
00 Freestream

I. Introduction

Over the past decade, a large number of flow control techniques for airfoil
performance enhancement have shown breakthroughs from conventional aerodynamic
constraints and achieves drastic performance enhancement [1, 2, 3, 4, 5, 6, 7]. Various
flow control techniques have been pursued recently including zero-net mass flux (ZNMF)
synthetic jets [8] using acoustic wave excitation and dielectric-barrier discharge plasma
actuators [9, 10]. In recent years, pulsed fluidic actuators are beginning to deliver effective
mixing and performance enhancement for realistic high Reynolds number flows [11, 12].
Circulation control (CC) [13-16] airfoils driven by fluidic actuators have been studied for
more than three decades with the goal of increasing airfoil lift [15, 16,]. However, a CC
airfoil still needs trailing edge flaps to create the curvature for the Coanda effect.

The key idea behind all flow control technology (passive or active) is to achieve
increased lift, increased stall margin, and reduced drag with low energy expenditure and
minimal solid structure device. The latter one imposes weight penalty, system
complication, and parasite drag when not in use. Furthermore, the energy consumption of
the different flow control methods is rarely addressed.

Co-Flow Jet (CFJ) Airfoll

Among all these new techniques, the co-flow jet technology, developed by Zha et
al. has shown promising results [17-23]. Based of fluidic actuators generating
simultaneous blowing at the leading edge (LE) and suction near the trailing edge (TE),
zero net mass flux (ZNMF) is achieved over the extrado of the airfoil. A schematic of a



CFJ airfoil concept is shown in Fig. 1. The jet injection behind LE suction peak and jet
suction near TE provides a unique mechanism to minimize the jet pumping energy
expenditure, because the jet injection is at the lowest pressure location and jet suction is at
the highest pressure location of an airfoil. The implementation of CFJ technology on an
actual airplane can be obtained by using highly pressurized air from the engines for the jet
injection, while the air intake of the turbine creates the suction. Alternatively, a pump can
be imbedded in the wing structure, and circulate the air. For either technique, the power
required for activation and the net loss from propulsion needs to be addressed.

Performance enhancement was shown to reach several times maximum lift
increase and a tremendous thrust generated at low angle of attack (AoA). These results
suggest that the CFJ airfoil is not only an excellent lift enhancement device, but also a
very effective thrust generator.

The fundamental mechanism of CFJ airfoil is that the severe adverse pressure
gradient on the suction surface augments turbulent shear layer mixing and diffusion
between the main flow and the jet. The mixing creates a lateral transport of energy from
the jet to the main flow and allows the main flow to overcome the large adverse pressure
gradient and remain attached even at very high AoA. Hence, the stall margin is
significantly increased. At the same time, the high momentum jet drastically increases the
circulation, which significantly augments lift, reduces drag or even generates thrust (net
negative drag) due to the filled wake and the supersuction at airfoil LE. The portion of
CFJ energy used to overcome the increased drag due to higher jet speed is very small since
the mixing occurs immediately when the jet penetrates into the boundary layer under the
adverse pressure gradient. With higher mixing more energy is transferred from the jet to
the main flow, resulting in lower energy loss to drag.

The CFJ airfoil has already proved to be a valuable solution for the development of
high efficiency, low emission and low noise aircraft. Several futuristic high performance
aircraft concepts using integrated airframe propulsion system based on CFJ airfoil are
given in [24-27]. So far, all the experimental and numerical research on CFJ airfoils has
used open slot injection. That is the injection slot is a single opening along the entire
airfoil span. Since the CFJ airfoil flow control is still in an early stage of development, it is
expected that significant performance enhancement can be obtained once this technology
has matured.

Discrete CFJ (DCFJ) Airfoil

Discretization of the open-slot CFJ was accomplished by inserting tabs of
different sizes in the open slot to achieve various injection jet sizes. A close-up photo of
discrete injection holes with tabs in place is shown in Fig. 2. As previously mentioned,
the turbulent mixing between the jet and the main flow is the fundamental mechanism for
CF1J airfoil performance enhancement. The open slot uniform CFJ airfoil may have a 2-
dimensional jet mixing along span with coherent vortex structure due to dissimilarity of
two jet parameters (e.g., density, velocity, etc) [28]. A coherent vortex generates
predominantly spanwise vorticity even though the large vortex structure is 3-dimensional.
A discrete jet penetrating into the main flow can also generate streamwise large vortices
[29]. Fig. 4 shows the flow visualization of wind tunnel test by Dano et al. [29], which
shows that two counter-rotating vortices are induced by an inclined pulsed jet in cross
flow (JICF).



As sketched in Fig. 5, the hypothesis of a discrete jet is that it will generate both
strong streamwise and spanwise vorticity, which will produce stronger flow entrainment
and flow mixing. Hence, it is expected that a discrete CFJ (DCFJ) will be a more
effective means to transfer energy from the jet to the main flow, which will result in more
lift enhancement and drag reduction at lower energy expenditure.

The purpose of this research is to demonstrate the increased performance
enhancement and reduced energy expenditure resulted from using discrete jets instead of

open slot uniform CFJ for airfoil flow control. Aerodynamic performance is examined for
different configurations, and the corresponding power requirements are evaluated.

I1. Experiment Setup and Analysis

Wind tunnel and airfoil setup

Pressurized air is injected in a spanwise long cavity near the LE, and then exits
through a spanwise long rectangular slot. A Duocel high density aluminum foam (HDF)
was placed between the inlet and the injection slot to equilibrate the pressure and ensure a
uniform exit velocity. Similarly, a spanwise long cavity placed near the TE is used to let
the air settle down before being sucked through three suction ports. The airfoil used for
baseline comparison was a NACA 6415 with the chord length of 0.3048 m and span of
0.5906 m. The CFJ airfoil was a NACA 6415 with CFJ implementation located at 7.5%
and 88.5% of the chord for injection and suction, respectively. The injection and suction
slot heights were 0.65% (2.0 mm) and 1.42% (4.0 mm) of the chord, respectively.

All airflow and aerodynamic variables were acquired at the University of Miami
24”x24” wind tunnel facilities. The injection and suction flow conditions were
independently controlled. A compressor supplies the injection flow line and the flow rate
controlled using a Koso™ Hammel Dahl computer controlled valve. A vacuum pump
generates the necessary low pressure for suction and is controlled with a manual needle
valve. Both mass flow rates in the injection and suction lines are measured using
Oripac™ orifice mass flowmeters equipped with high precision MKS pressure
transducers. Total pressure and temperature probes were places inside the injection and
suction cavities as shown in Fig. 3. The aerodynamics variables are measured using an
AMTI™ 6 component transducer. All wind tunnel freestream, CFJ airflow and
aerodynamic variables were recorded using a state-of-the-art Labview™ data acquisition
system. All the data (e.g., wind tunnel speed, aerodynamic forces, blowing and suction
mass flow rates) were acquired at a rate of approximately 50 samples per seconds,
allowing for limited airfoil flutters analysis around stall angle(s).

Various laser flow visualization techniques were used to monitor the flow field
over the suction surface. A LaVision Digital Particle Image Velocimetry (DPIV) system
with a Litron Nano Nd:YAG 200 mJ/pulse was used to monitor and acquire the velocity
field surrounding the airfoil. An adaptive 32x32 to 16x16 pixels cross-correlation
analysis method was used with masking of the airfoil, resulting in a 150x200 vectors
(including the airfoil). A 1,000 instantaneous velocity fields were acquired for each AoA
and each jet momentum coefficient.



Open slot CFJ and DCFJ parameters

The range of angle of attack (AoA) was varied between 0° to 35°. Nominal free
stream velocity was V=10 m/s for all tests and the chord Reynolds number was about
195,000. Even though this Reynolds number is in the transitional range, the LE trip was
not implemented after we had observed that the measured difference with and without
trip is negligible for the flow control tests.

The jet momentum coefficient Cp was defined as:

c - mv,, (1)
Co1lp, VIS

where m is the jet mass flow rate, Ve is the jet velocity, p, is the free stream density,
V_ is the free stream velocity, and S is the planform area of the airfoil. The obstruction

factors (OF) is defined as the blocked area divided by the original CFJ open slot area.
For a given mass flow rate, increasing OF will result in an increase in jet exit velocity due
to decreased jet exit area. Therefore, Cu will change when OF is changed even if mis
kept constant. For comparison purposes, the jet momentum coefficient for the open slot

CFJ will be used and defined as:
C - mv,, (2)
toip, VIS

where the superscript * stand for open slot CFJ airfoil. For a given OF, a large number of
configurations can be obtained depending on the number of jet injection holes and the
hole sizes. Table 1 shows the list of the OF presented here, ranging from 1/5 to 3/4, and
the hole sizes. For each OF, we tested two configurations containing the larger (hereafter
labeled A) and smaller number of discrete jets (hereafter labeled B). Mass flow rates of
m=0 kg/s, 0.030 kg/s, 0.045 kg/s and 0.060 kg/s are used. Corresponding open slot CFJ
airfoil momentum coefficients are Cu*=0, 0.08, 0.16 and 0.30, respectively. Table 2
shows the values of Cp and Cu* and the corresponding jet exit velocity for all discrete
CFJ configurations. In order to characterize even more the performance enhancement of
the CFJ and DCFJ compared to baseline, the following drag reduction efficiency
parameter are defined:

n= CDbaseline(:_ CDDCFJ (3)

n

This quantity describes the efficiency of drag reduction at the energy cost to pump the jet
with the momentum coefficient of Cp. In other words, it is a measure of how much
injection jet momentum is absorbed as the drag reduction. Note that the denominator is
the actual C, not C,, .



Table 1. Matrix of discrete CFJ configuration

Name OF | Config | #of Hole width Schematic representation (openings
jets mm (% cord) are injection holes, solid lines are tabs)
A 5 94.5 (16.0%) - - - = = -
DCFJ 1/5 | 1/5
B 2 236.2 (40.0%)
DCFJ1/3 | 1/3
DCFJ1/2 | 12
B 3 98.4 (16.7%)
DCFJ2/3 | 2/3
DCFJ 3/4 | 3/4
B 5 29.5 (5.0%)
Table 2. Corresponding Cp and Cu* for discrete CFJ configurations
m C, and Vi, Cu and Vi
(kg/s) (Open Slot) Discrete CFJ)
DCFJ 1/5 DCFJ 1/3 DCFJ 1/2 DCFJ 2/3 DCFJ 3/4
0.030 0.08 0.11 0.13 0.17 0.23 0.34
(25m/s) (29m/s) (38m/s) (52m/s) (73m/s) (106m/s))
0.045 0.16 0.21 0.23 0.30 0.49 0.67
(33m/s) (43m/s) (51m/s) (69m/s) (109m/s) (153m/s)
0.060 0.30 0.36 0.41 0.58 0.89 1.32
(46m/s) (56m/s) (69m/s) (97m/s) (150m/s) (231m/s)

Power consumption

The power consumption of the pump to drive the CFJ jet can be defined as:

P = ArhCPTl { o

r -1

My

(4)

where C, is the specific heat capacity at constant pressure, taken to be 1003.4 J/kg/K, 7 is

the ratio of specific heats valued at 1.4, and n, is the pump efficiency, I' = Dot is the ratio

Po2
of the total pressures por and po» corresponding to the jet injection and suction,
respectively. The total pressures were measured inside the injection/suction cavities
(locations 1 and 2 in Fig. 3). The total temperature T; was measured using a



thermocouple in the vicinity of the pressure probe location. Similar to the lift and drag
coefficient, a power coefficient is defined as:

P = L (5)
¢ 3
3PV, S

I11. Results

Flow visualizations and DPIV results

A few examples of flow visualization and DPIV are presented here to illustrate
the mechanism responsible for the performance increase. Fig. 6 and 7 shows the
difference in flow structure along a discrete jet and over a tab, respectively. The jet flow
was not seeded resulting in increased contrast for flow visualization, however this
slightly degraded the DPIV velocity results in the vicinity of the jet exit. One can see that
the flow within the jet plan is dominated by coherent vortices that develop along the
airfoil surface and break down further downstream, effectively increasing the turbulent
mixing of the wall jets. The flow over a tab blocking the open slot also appears to be
dominated by turbulent vortices, comprising both streamwise and spanwise (coherent)
vortices. While the spanwise vortices are clearly shown, the streamwise vortices lay in a
plan perpendicular to the images and can not be easily shown.

Simultaneous flow visualization, PIV velocity field, CL and CD were acquired
during a DCFJ activation sequence. Fig. 8 shows two examples of the combined results
for DCFJ 2/3 with C“*Z 0.16 and AoA=25°. Fig. 8a shows the state of the flow prior to
activation, and exposes a largely separated flow with a low lift and high drag. Fig. 8b
shows the results after the DCFJ was activated. One can see that the flow is attached and
the velocity along the surface is in excess of 2-3 times the main stream velocity. Notice
that the jet injection activation is practically instantaneous, but full suction is not obtained
until approximately 15s. This is due to the large vacuum tank used between the pump and
the airfoil. Nonetheless, a 250% increase in lift is observed while drag decreases to
negligible values. Note that, at lower AoA, the measured drag is decreased to negative
values.

Aerodynamic Performance

Jet Size Effect

The jet size effect on the performance was investigated and the results are shown
in Fig. 9. For most cases, the configurations with higher number of discrete jets (A)
systematically generate more lift than the alternate configurations (B). This is because
configuration A with smaller jet size generates higher jet velocity, higher entrainment,
stronger jet mixing, and thus higher circulation. This trend increases as the value of CM* is
increased. Overall, a lift increase between 10% and 40% over the open slot CFJ airfoil
can be obtained using configuration A instead of B. For increased OF, the difference
between the two configurations seems to decrease with increasing AoA. These results




suggest that smaller size jets with higher jet velocity are more effective to enhance lift.
Consequently, only configuration A is analyzed in the subsequent sections.

Obstruction Factor (OF) Effect on Lift

Lift coefficient Cy. for baseline, open slot and all DCFJ configurations are grouped
together in Fig. 10. Compared to open slot CFJ, DCFJ 1/5 and DCFJ 1/3 show a small
decrease in lift for all Cu* and all AoA except past the stall angle (AoA=25°). For DCFJ
1/2, a clear increase 1n lift can be observed for all AoA. This trend increases for
increasing values of C . Finally, DCFJ 2/3 and DCFJ 3/4 show a substantial lift increase
over the open slot CFJ for all AoA and all C

Evaluation of the lift performance increase for DCFJs compared to baseline and
open slot CFJ are shown in Fig. 11. From Fig. 11 it is evident that the CFJ airflil is very
effective to increase lift, in particular the DCFJ airfoil.

Increasing CH* and OF systematically provides an increase in lift. Notice that, the
difference between DCFJ 2/3 and DCFJ 3/4 is not obvious and that, for lift enhancement,
they appear approximately equivalent. Compared to the open slot CFJ, the DCFJs only
show improvement for OF higher than 1/2. While DCFJ 1/2 show only a 10% increase in
lift, DCFJ 2/3 and DCFJ 3/4 show a 30% to 50% increase. These results are considerable
considering the magnitude of lift achievable and the energy expenditure of the CFJ pump.
For example, using the DCFJ 2/3 at Cu* =0.08 provides comparable lift coefficient with
the open slot CFJ that needs twice the flow rate. As can be seen in Fig. 11, for open slot
CFJ, the maximum lift is increased by 1.5 to 1.8 times. For DCFJ 3/4, the maximum lift
is increased by 2.73 times using the same mass flow rate as the open slot CFJ airfoil.

Obstruction Factor(OF) Effect on Drag

Drag coefficient Cp for baseline, open slot and all DCFJ configurations are
grouped together in Fig. 10. Similarly to the lift results, DCFJ 1/5 and DCFJ 1/3 show
only a small decrease in drag compared to the open slot CFJ. Negative values of drag are
observed with increased range of AoA. For OF larger than 1/2, a significant drag
reduction is observed for all C,". A large difference between DCFJ 2/3 and DCFJ 3/4 is
observed: while being comparable for lift increase, DCFJ 3/4 shows lower drag than
DCF]J 2/3. Negative values of drag are observed for AoA up to 30°. The negative drag is
created by the co-flow jet filling the wake and the supersuction effect at LE [17, 18, 19,
20]. DCFlJs are seen to provide increased values of thrust, with up to 4 times of the thrust
of the open slot CFJ airfoil. These results are significant since this negative drag / thrust
component can effectively reduce the overall drag of an aircraft or helicopter rotor blade,
providing a significant reduction in the engine power required to move the aircraft or
rotate the rotor blades.

Combined Effect of Lift and Drag

The net lift increase and drag reduction for all configurations are plotted in Fig.
12. All DCEFJ airfoils (w1th OF>1/2) show net lift augmentation that intensifies with
increasing values of CM and grows hnearly with AoA. The drag reduction is nearly
constant at dlfferent AoA for a fixed C, . Similar to the lift augmentation, the higher the
value of Cu is, the larger the drag is reduced This drag reduction can be so large that
thrust is generated (Fig. 10).




Fig. 13 shows the drag polar curves for all the configurations. Compared with the
baseline airfoil without flow control, the CFJ airfoil drag polars shift to the left and
upward due to the high thrust and high lift. The drag polar shape in Fig. 13 is
unconventional. The CFJ airfoil generates a very large lift and thrust at the same time. In
nature, only the birds’ flapping wings have such an effect. The CFJ airfoils achieves the
same effect, but using a fixed wing.

Fig. 14 shows the drag reduction efficiency for all the CFJ airfoils. The open slot
CF]J results range from 40% to 70%, depending on the value of C“*. Results for DCFJ
with OF=1/2 are somewhat comparable with open slot CFJ. But for OF>1/2, the drag
reduction efficiency is found to reach higher value, approaching ~80% for all AoA and
all C,. This means that the energy cost to generate injection jet momentum not only
benefits the system with a significant lift gain, but also transfers nearly 80% of jet
momentum to drag reduction. Hence the overall energy expenditure is small compared to
the efficiency gain measured as the ratio of lift to drag L/D.

Stall Angle Delay

In addition to the enhancement of lift and drag reduction, CFJ airfoils also
significantly increase stall AoA for the thick airfoil tested in [19,20]. In this research, the
stall margin is also remarkably increased for the tested thin airfoil, especially for high
OF, as can be seen in Fig. 10. For DCFJ 2/3 and DCFJ 3/4, stall angle is approximately
30° a 30% increase from the baseline airfoil stall angle of 23°. Higher stall AoA gives
more stall margin and increases the safety of aircraft.

Power Consumption

The airfoil performance enhancement due to flow control must come at a cost of
energy consumption. It is hence very important to evaluate the energy expenditure of a
flow control method. To calculate the power consumption based on Eq. (3), a series of
tests was made to measure the total pressure and temperature at the injection and suction
cavity, respectively (see Fig. 3). The efficiency of the pumping system is not considered
since it will vary with different pumping implementation. In this research, the pumping
system efficiency, n, was taken as 100%.

The measured total pressure ratio inside the injection and suction cavities and the
corresponding power coefficient are shown in Fig. 15 through 17 for three AoA and three
Cu*- The power consumption value is also placed on the same graph. The results for open
slot CFJ are shown Fig. 15. A very low pressure difference (about 1.2kPa) is sufficient to
maintain the open slot CFJ and therefore a low power is required. The maximum power
required for the open slot CFJ airfoil is about 60W. The power coefficient is smaller than
1 for all AoA and all Cu*. The pressure ratio and power required are slightly reduced
when the AoA is increased. The results for CFJ 2/3 are shown in Fig. 16. The pressure
difference increases to about 12kPa, producing a pressure ratio increase of about 10%. In
turn, the power consumption increases to 600W (a factor of 10 increase) for the
maximum power required with power coefficient between 0.9 and 5.5. The higher power
consumption of DCFJ than open slot CFJ is because the flow suffers more energy loss
going through multiple smaller holes than going through one large slot. =~ The AoA
appears to have little effect on the pressure ratio and power consumption for DCFJ.



Finally, a comparison of the high-performance DCFJs with open slot CFJ is
shown in Fig. 17. For each configuration, only the highest pressure and power for all
Ao0A were retained. The pressure ratio increases substantially for increasing OF but never
reach values beyond 1.2. The resulting power consumption also increases, but this
increase is paid off with the higher lift and thrust gain. The DCFJ 2/3 power consumption
is about 10 times higher than the open slot CFJ. In turn, the DCFJ 3/4 power consumption
is only 10% higher than the DCFJ 2/3.

IVV. Conclusion

The performance enhancement of the CFJ airfoil is demonstrated in this paper by
using discrete jets over a single open slot jet. The hypothesis is that a DCFJ airfoil will
generate both streamwise and spanwise vortex structures to achieve more effective
turbulent mixing than an open slot CFJ airfoil. The configurations with higher number
discrete jets and smaller jet sizes show significantly better performance enhancement for
all flow rates. Compared to an open slot CFJ airfoil using the same mass flow rate, a
discrete CFJ airfoil can provide an additional 50% increase in maximum lift, 30% stall
Ao0A increase , and 300% drag reduction. The drag reduction is striking, and in most of
the cases a very large thrust can be generated. The DCFJ airfoil with more injection jets
and large obstruction factor, namely DCFJ 2/3 and DCF 3/4, provide the greatest
performance enhancement. While the lift in both cases is comparable, the DCFJ 3/4
supplies an additional 10% increase in thrust compared to DCFJ 2/3. The pumping
pressure ratio and power consumption are increased by reducing the injection jet size and
increasing the number of jets. For all the tests shown here, the pumping pressure ratio
remained under 1.2. The DCFJ power consumption is about 10 times higher than that for
open slot CFJ, and is up to 600W. Nearly 80% of the injection momentum is translated to
drag reduction, which indicates that a CFJ airfoil is highly energy efficient. These results
demonstrate that the DCFJ airfoil outperforms the original open slot CFJ airfoil. An
optimum choice of injection jet number and size is crucial to determine the maximum
performance enhancement at lowest energy expenditure. More work need to be done in
this area. Based on the results presented here, the DCFJ airfoil concept may play an
important role in the development of future integrated airframes-propulsion systems and
rotorcraft systems.
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Fig.1. Schematic and concept of CFJ airfoil

Fig. 2 Close up picture of the injection
holes and tabs in position (Case 2B)
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Fig.3. Probe location for total pressure and power measurement

obtained from stereo-PIV. In dark-grey is the Vi,  Fig. 5 Schematic of Counter Rotating Vortex Pairs
isosurface of velocity, and blue are 2D streamlines (CVP) issued from a row of co-flow jets
in the spanwise direction.

Fig. 4 Flow structure of a single 45° inclined jet,
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Fig. 6 Flow visualization along a discrete jet: DCFJ 3/4, AoA=15°and Cp=0.08.
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Fig. 7 Flow visualization over a tab: DCFJ 3/4, AoA=15° and Cp=0.08.
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Fig. 8 Snapshots from video montage of simultaneous flow visualization, PIV velocity field, CL and CD at
two instant in time during CFJ activation for DCFJ 2/3 with C,"= 0.16 and AoA=25".
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Fig. 9 Lift difference between DCFJ configuration A and configuration B
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Fig. 10 Lift and Drag coefficients for all CFJ and DCFJ configurations
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Fig. 11 Ratio of CLmax(CFJ) / CLmax(baseline) for all configurations and all Cu*
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Fig. 12 Lift increase and drag reduction from Baseline, for CFJ and DCFJs at various Cu*
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13 Drag polars for all configurations (a) C, =0.08, (b) C, =0.14 and (c) C, '=0.25
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Fig. 14. Drag reduction efficiency vs AoA for (a) C,” =0.08 (b) C,” =0.25
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Fig. 15 Power consumption results for the open slot CFJ. (a) Pressure ratio (b) Power coefficient
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Fig. 16 Power results for the DCFJ 2/3. (a) Pressure ratio (b) Power coefficient
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Fig. 17 Power results for the open slot CFJ. (a) Pressure ratio (b) Power coefficient



