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Can turbulator tapes enhance the performance of
sports-class sailplanes? There have been figures quoted
for the positioning of turbulator tapes on the wings of
several sports-class sailplanes. Proving them is not usu-
ally reported in detail (exception being the Althaus/
Astir report in Soaring and that was not confirmed by
inflight testing).

In order to see if the fitting of turbulator tapes would
enhance the performance of my Glasflugel Club Libelle,
Ichose the method originated by Richard H. Johnson of
measuring wing drag and German zig-zag turbulator
tape.Idrew up a program of testing and with three other
pilots successfully carried outa considerable number of
flights. The results, within the confines of the program,
indicated a decrease in wing drag with the turbulator
tape at 55% AFT of the wing leading edge.

All flights had to be from winch launches and the
testing carried out interthermal. In order to avoid the
influences of both sink and lift a netto variometer was
used to locate reasonably stable air-masses. The major-
ity of the testing was carried out during the Southern
winter months. Even during the limited soaring to be-
tween 3000 ft and 5000 ft it was quite easy to locate the
required stable air-masses.
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The test program called for sufficient flights at each
stage to establish adequate results. The first flights were
carried out without fitting turbulator tape i.e. a clean
wing. Some five flights were made, two of these pro-
duced essentially identical results, two produced minor
variations, and one produced unacceptable results. The
four acceptable flights were analyzed and averaged out
to produce the clean-wing line in the diagram.

Thenextseries of flights was made with a sample one
meter length of .5 mm thick zigzag turbulator tape
placed at50% chord AT'T of the leading edge. The results
weredisappointing and showed marginally decreasing
drag starting at 70 kts, but by 80 kis it was quite notice-
able. Severalextra flights were made to confirm this. The
tape wasremoved and replaced at 55% chord AFT of the
leading edge. From the first flight results itwas realized
thata substantial reductionindrag was being recorded.
On subsequent flights, though an a nomaly showed up
in the 55 kts results; there was a kink in the line that |
could not understand, (the infamous laminar bucket?).
Next the tape was removed and replaced at 60% chord
AFT of the leading edge. The results were dilficult to
analyze and I suspect the tape was cither right on the
laminarbubble or too close for the airflow tore-attachin
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Figure 1. Figure 2.
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ANNEXURE ’4’

Force Mass Accel

F = M A

Ft/Sec.)
indicated by the drag probe measurements.

simply using the charts drag 1.A.S. values.
as follows:

Dynamic pressure at Keil tube = % PV7 in P.S.F.

Dynamic pressure at Drag probe = APpV? ave P.S.F.

Since it is reasonable to assume P = Pp and drag probe

A P = P keil - P Probe in P.S.F.
2
5P V2 =%P Vk —4P
' D INDICATE)
V2D = Vk - Vp ave
Vpave = Vi - VI D
The acceleration term A = Vk - Vp ave

The mass term P (= ,002377%) x Volume/Sec

All units =

x Top and Bottom Surface Probe height

Johnson Theorem for calculating drag values as 1L./D

equation to estimate the air momentum
loss at lhe probe chord location, and that is equal to the wing profile drag at all the other
chord locations and can be estimated without actually testing there. The mass of the wing
boundary layer can be assumed to be the exposed wing span X total exposed probe height
x B.L. ave. velocity x Air Density (assume .002377 slugs/FT3 if using C.A.S. in

The A acceleration term is simply the saiplane C.A.S. minus the average B.L. velocity

This last calculation may be somewhat indirect because it involves more thought than
Instead the B.L. velocity must be estimated

Vp ave = JY*, -V Di|~F.P.S.

= Ft, Fi/sec, Ft' air density .002377 slugs/Ft’

Volume of Boundary layer air decellerated/sec = Vk x exposed Wingspan

mathematically by a
method due to R.H.
Johnson. This is repro-
duced in"Annexure A"

My first thoughts
were that for any given
airspeed only a reduc-
tion in profile drag can
influencethel/Dofany
sailplane as all other
drag figures will remain
constant.

Taking only the
round figures 40-50-60-
70-80 kts TAS the reduc-
tion in profile drag ap-
pears to average 5.75
percent. Now thiswhen
added to the known
clean L/D gives a fig-
ure for turbulated L /D.
This is a very simplistic
View.

Unfortunately this
theorem could not be
made to work. There is
either an error in Dick's
reasoning or the theo-
rem has been wrongly
interpreted. It has been
included, as with some
reworking it may be
possible to convert a
Johnson type drag dia-
gram directly into L/D
via this theorem. One
problem with using
Dick's drag testing
method is that it can
only really be applied

5 Ave

anorderly manner. There was only a marginal decrease
in drag above 75 kits.

The results given in Diagrams 1 and 2 prove that
wing profile drag can be reduced by using turbulator
tape on a sports-class sailplane.

The photographs show the keil tube and drag probe
used. The keil tubeis exactly according to Dick Johnson's
drawings. The drag probe s the improved version with
the pitot holes at 4 mm spacing (.005 C) for a 800 mm
wing chord station.

Having reached this stage, the questionbecame what
is the actual improvementinL./D? A request was made
for funding for aseries of very high aerotows in order to
re-plot the polar curve. This was not forthcoming, so
attempts were made to convert the drag probe data
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to a wing that has the
same profile from root
to tip and no aerodynamic twist (washout). Reynolds
numbers also have an influence, e.g. very narrow tip
chords may not respond to turbulators in a similar
manner to the larger chord of the main area of the wing.

F.G. Irving kindly suppliced a copy of a N.A.CA,
paper by A. Silverstein and 5. Katzoff which was a
simplified method for determining wing profile drag in
flight, dated 1940.

This paper was of considerable interest in that it
described in detail a drag probe (integrating rake) not
unlike Dick Johnson'sbut mounted between .15cand .3
¢ behind the trailing edge. The paper continues in finite
detail to cover every possible calculation. The end result
howeverisareadingona A.5.Iinthe cockpitas per Dick
Johnson's method.
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My own feeling is that Dick Johnson's drag probe
mounted directly on the trailing edge puts the probe
right where the laminar flow is and that is what we are
measuring (in terms of drag reduction). Incidentally,
the reason why both the upper and lower surface lami-
nar flows have to be integrated into one measurement is
that any reduction in drag of either upper or lower
surfaces has to be measured as to reflect an overall
reductionin profile drag, and henceanincreasein L/D.

To take pure research further takes this project away
from the (older) sports class sailplanes, theaverage pilot
and my ownattempts toenhance the performance of my
Club Libelle.

There is no doubt that the use of turbulators can
influence the profile drag of earlier laminar flow pro-
files, used on sports class sailplanes, and that the aver-
age pilot can prove this using the Johnson method of
drag testing. The high cost of very high aerotows will
however prevent most pilots from producing new polar
curves that would substantiate the drag reduction.

Therefore there isa very real need for a mathematical
solutiontoJohnson type profle drag measuring that will
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convert the results into L/ D figures. Tf that solution can
also be applied to wings with acrodynamic twist and/
or changes to the profile, then it will be of great benefit.
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