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Intreduction

The UAG92170/SF wing section was designed for the
Minisigma variable geometry sailplane project. The 17%
thickness was chosen for structural reasons because the
variable geometry sailplane will have a high aspect
ratio. A 25% chord slotted flap compared to the 35%
chord flap used on Sigma makes the
mechanical flap extension systems easier

termine forces and moments on the model. The model
was mounted vertically spanning the short dimension
of the test section.

Figure 1 shows the shape of this wing section and the
flap-aileron geometry, flap inand flap extended. Airfoil
coordinates are given in Table L.
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Wind Tunnel and Instrumentation

The 1.22 by 2.44 meter rectangular test
sectioncan provide Reynolds numberup
to 2.1*10¢ for the 1 meter chord model.
Turbulence intensity is generally about
0.1%, but rises sharply at the highest tun-
nel speed. In view of this, the maximum
Reynolds number tested was kept to 1.8
million. For comparison!, the free stream
turbulence level of some otherairfoil tun-
nelsare: NASA Langley Low Turbulence
Pressure Tunnel, 0.1%, Delft University,
0.06%, and the Stuttgart University tun-
nel, 0.02%.

A data acquisition system operated by
a small computer was used to take mea-
surements and reduce the data. Pressure
distributions were measured using a
scanivalve together with a sensitive dif-
ferential pressure transducer. Wind tun-
nel speed was measured using a pitot
tube located just ahead of the test section,
calibrated against a pitot tube located at
the model position in an empty test sec-
tion. Drag was measured using a pitot
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UAGY2 170/5F
WING SECTION SHAPE
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FIGURE 2a. Lift-Drag at Reynolds Number 1.8*10°
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FIGURE 2 b. Lift-Drag at Re_\,-'n()lds Number 1.0710°,

tube traversed through the wake ata position 0.5 meters
behind the model trailing edge. The Micro Switch series
160PC transducers which were used are very stable and
very linear.

Repeatability is very good, even at the very low dy-
namic pressures required for a Reynolds number of
(0.5*106.
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FIGURE 2 c. Lift-1 Jrag at Reynolds Number 0.7%10".

A standard laboratory pilot-static tube with a diam-
eter of 4 mum is used for the wake traverse. This is
mounted on a long sting so that the traverse mechanism
is clear of the wake. Wake thickness at the measuring
station is typically about 80 mm. Figure 3 shows a
schematic of the pressure measurement system.

The Betz equation for wake drag is given by:2

(--n_f q-"d(_?) I(J q—— \TQ.. )(J . \’ & E)d(f)

where

(.. = free stream dynamic pressure averaged over the
traverse time

£ - g2 = total head pressure outside the wake - wake
total pressure

g. - P> = total head pressure outside the wake - wake
static pressure

g2 - P2 = wake total pressure - wake static pressure

Total head pressure outside the wake is taken tobe the
average of values of g; measured just at the top and
bottom edges of the wake during a traverse.

The model chord to height ratiois ¢/h = 0.4. Conven-
tional linear corrections? for blockage and flow curva-
ture have been programmed into the data reduction
procedure.

Results and Discussion
Drag Measurements - Flap retracted

Lift-drag results are shown in figures 2(a),(b),(c}, for
Reynolds numbers 1.8%106, 1.0*10%, and (.7%106 res-
pectively, fora range of settings of the camber flap. The
flap up 10 degrees appears to be the best setting over
most of the speed range. Figure 3 shows an envelope of
drag curves for three Reynolds numbers, derived from
Figure 2.

Flight Polars

While it is convenient to measure drag characteristics

ataconstant Reynolds numberin the wind tunnel, foran
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FIGURE 3. Envelope drag curves.

aircraft in flight both lift coefficientand Reynolds num-
ber will depend on flight speed. Representation of the
drag results in terms of flight polars will give a better
appreciation of the airfoil characteristics as they will be
seen in a practical application. Reynolds number will
also depend on wing chord and wing loading. If we
introduce a characteristic Reynolds number, R
Reynolds number when the lift coefficient is 1.0,

L &
R= — (2pW/S)
H
and
R
R - |
vV CL
where,

c = wing chord

W /S5 = wing loading
| = viscosity of air
(= air density

It can be shown that R” for typical competition sail-
planes liesin the range from 1.7#10° to 0.7*106 represent-
ing root chord with maximum water ballast, and tip
chord with no water ballast respectively. A good aver-
age value based on mean chord and no water ballast is
R =1.1*106.

Flight polars for the UAGY92 170/5F airfoil, obtained
by interpolation of the data in Figure 3, are plotted as Cp
against C,? in Figure 4. The data form good straight
lines, which allow an analytical expression for wing
section drag that will be useful in analysis of sailplane
performance.

Drag can be mpresenhrd as:

Cp=0.005 / ¥R* +0.0033 C,2

Using a value of R™based onmean wing chord makes
the implicit assumption that drag characteristics are
linear with Reynolds number. The envelope curves in
Figure 4 confirms that thisis a reasonable assumpltionin
the Reynolds number range from 0.7 to 1.8 million. Use
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FIGURE 4. Flight polars C, vs C *

of R*based on mean chord should bea good approxima-
tion in calculating sailplane performance.
Drag Measurements - Flap Extended

Drag results with the flap extended at a deflection of
20 degrees with the aileron zero and up 10 degrees are
shown in Figure 5. Lift and drag coefficients are based
on flap retracted chord. The aileronin this caseis also the
camber flap. When the flap is retracted the aileron -
camber flap operates in the same manner as it would on
awing section with noslotted flap. While the increase in
lift appears moderate compared to flap retracted, the
stall characteristics of the slotted flap airfoil allows the
sailplane to be flown at a lift coefficient of 1.8 without
any danger of stalling or loss of aileron control. Stall
occurs as a separation on the trailing edge of the main
wing section, with the flap continuing to have attached
flow maintaining aileron control power.
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FIGURE 5. Flap extended drag curves.
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Lift

Flap retracted lift
curves are shown in
Figure 6, for Reynolds
number 1.07100, These
curves show the very
mild stall characteris-
tic of this airfoil result-
ing from the trailing
edge type stall.

Theflap extended lift
curves are shown in
Figure 7 for two
Reynolds numbers.
There is a small reduc-
tion of lift at the lower
Reynolds number of
0.5*10%, but otherwise
the curves are similar.
The mild stall charac-
teristics are again evi-
dent. The drag results

suggest optimum operation at a lift coefficient of 1.8
which is well below the maximum lift, even with the
aileron/camber flap in the 10 degree up position.

Moment Coefficients

Pitching moment about the quarter chord is shown in
Figures 8 and 9 for a range of flap deflections. They do

1.

1.4

. T
A
- =
Hr i t— r.§ el
” -
/ /_'ﬁ/ & s
&

RN = 10°

anans Camber Flup zevro
200090 Camber flup up 70
wxeay Camber Flap up 15

' | o e A g | EPee Mt ) R R i T

I-ﬁ' 1a

ALPHA

FIGURE 6. Lift curves flap retracted.

UAG92 170/SF
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not change appreciably with Reynolds number.

Aileron Effectiveness

A cross plot of lift coefficient against aileron angle
shows values of dCy / d&, = 0.0375 per degree for the

flap retracted, and dCy,
/ dd, = 0.043 per de-
gree with the flap ex-
tended. Aileroncontrol
effectiveness is some-
what better with the
flap extended. Aileron
effectiveness with the
flap extended is a ma-
jor advantage of the
slotted flap wing sec-
tion for use on variable
geomelry sailplanes.
Pressure distributions
Measured pressure
distributions provide
additional information
that is not obtained
when lift forces are
measured directly. For
example, comparison
of pressure distribu-
tions measured at
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Reynolds number
1.8*106 and (.7*10¢% for
the same angle of at-
tack in Figure 10 shows
laminar bubble separa-
tions on both the top
and bottom atthe lower
Reynolds number. The
series of pressure dis-
tributionsshowninFig-
ure 11 for RIN = 0.7%100
show the upper surface
laminar separation
bubble gradually disap-
pearing while thelower
surfacebubble remains.
This situation appears
to be an ideal applica-
tion for some kind of
boundary layer Lrip to
reduce the effect of the
laminar bubbles. Zig-

zag tape boundary layer trips were used to try to elimi-
nate the laminar bubbles, and this did decrease drag in

some cases atthe lower Reynolds numbers, but for most
cases the boundary layer trips resulted in increased

drag.

Pressure distributions with the camber flap up 15
degrees showed attached flow to the trailing edge as

would alsobe indicated by the low values of profile drag
coefficient. Camber flap up tends to eliminate the lami-

la yer ffip unnecessary.
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FIGURE?7. Lift curves flap extended.

narseparationonthelowersurface, making aboundary

Pressure distribu-
tions with the flap ex-
tended at 20 degrees
with the camber flap at
zero, showed that there
is almost no change in
pressure distribution
on the flap until some
separation takes place
on the main section at
the highest angle
shown. In this example
the maximum lift coef-
ficientis 2.2 at8 degrees
angle of attack, and de-
creasing at higher
al‘lgles,a:ﬂ;slmwn in Fig-

-

ure 7. The optimum
operational  range
would be at 2 to 4 de-
grees angle of attack
since thedrag increases
sharply for angles
greater then 4 degrees.
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FIGURE 8. Pitching moments tlap retracted.

some roughness at the flap joints not present in
the original FX model.
Figure13showsacomparison of Flap extended
results measured in the U of A wind tunnel with
the original EX 67 VC 170/36 results measured in
the Stuttgart wind tunnel® The flap extended
results from Reference 5 have been translated to
reflect lift and drag coefficients (and Reynolds
number) based on flap retracted chord. Flap ex-
tended results for the slotted flapped version of
the FX 67 VC 170 airfoil, measured in the U of A
wind tunnel are also shown for comparison.
Clearly, the unslotted flap has the best perfor-
mance as shown on this graph. However, flight
testexperience with the Sigma experimental sail-
plane showed that the improved aileron control
possible with the slotted flap was more important
than the difference in profile drag which is small
relative to overall aircraft drag. Flap extended

Comparisons

Performance of the UAGY92 170/SI slotted flapped
wing section are compared to published results® for
the FX 67 VC 170/36 and with results for the slotted
flapped version of this wing section which were
measured in the U of A wind tunnel. |*](§_)LIEC’ 12 shows
a comparison of the results for the TX 76 VC 170/36
wing section measure in the U of A wind tunnel with

the original Stuttgart measurements. The results are
in reasonable agreement. The differences are prob-
ably due to differences in the model. The model used
in this case was the slotted flap version of FX67 VC 3
170 used on Sigma with the tlap retracted, which has

PRESSURE DISTRIBUTIONS
UACY92 170/SF

wAmER BN = IB'!U ALPHA = Z Dag.

AAARA RN = 0.7%10° ALPHA = 2 Deg.

k=R

[
e
Tk

YA ’

TIC.UI{L 10. Pwssure distributions.

a.1o 1
o.05
b ALPI4
e e e e T T I —
-5 ¢ 5 10 15 20
.06 -
] UAGY92 170/SF
-0.710 SLOTTED }‘LA‘,, 1 20 Deg.
- RN = 1.0%10
i ) Camber Flap zero
= 3 3
Mf/40 55 ansin Camber Flap wup 10
-0.25 A
e
~0.30 T p o pt a--:/’ﬁ'/
-0.35 - B
TR - o
0.40
FIGURE 9. I'itching moments f!ap extended.

VOLUME XVIII, NO. 1

results for the UAGY2 wing section lie between
theslotted and unslotted Wortman airfoil results,
and should produce performance similar to the
slotted FX wing section results in a practical ap-
plication.

Conclusion

Wind tunnel tests have been carried out to
determine the characteristics of the UAG92 170/
Sk slotted flap wing section for use on variable
geometry sailplanes. This wing section depends
onacamber {lap to obtain a wide range of opera-
tional lift coefficient, and would be mostly oper-
ated with the camber flap deflected up.

Flap extended lift - drag characteristics of this
wing section are comparable to slotted flapped
version of the FX 67 VC 170/36 wing section used
on the Sigma variable geometry sailplane. Drag
coefficient for this wing section lies between that
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of the unslotted and slotted flap versions of the X 67 VC

170 wing section.
o

These wind tunnel tests show that the UAG92 170 /SF
wing section would be a good choice for a variable

26

geometry sailplane using a slotted flapped wing sec-
tion.
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