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During recent years it appears that an
insufficient amount of accurate flight per-
formance polar measurements have been made
and published for the many new high perfor-
mance sailplanes that have become available.
Manufacturer's polars are generally optimis-
tic estimates whetted by a need to present a
superior brochure for marketing purposes,
and for this reason they are seldom reliable.

Good valid measurements are an impor-
tant and interesting facet of the sport, and
it is not so difficult that it cannot be un-
dertaken by many people throughout the world.
To those persons this paper is dedicated as a
guide and encouragement to undertake similar
measurement tests themselves. Those who try
it will likely later agree that they learned
much more than just the actual polar values
they initially sought, and they may become
addicted to it as 1 have during the many
years since working with August Raspet at
Mississippi State University.

This paper will touch separately on each
of three important phases of flight perfor-
mance testing. These are:

A. The calibration of airspeed indica-
tors.

B. The flight calibaration of airspeed
systems.

L. The flight test sink rate measure-
ments.
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A. Calibration of Airspeed Indicators

(lood functioning and well calibrated air-
speed indicators are the very heart ol the
instrumentation necessary for gathering cred-
itable flight test polar data. lor this rea-
son a brief review of the airspeed indicator
calibration procedure is appropriate herc.

First of all it eases one's thinking to
realize that all airspeed indicators are sim-
ply sensitive differential pressure gages,
marked in velocity units instead of pressure
units. Long long ago, the instrument manu-
factuers and engineers apparently decided to
design the flight airspeed indicators to read
true airspeed on a standard temperature and
pressure day at sea level. This was and still
is done by connecting the indicator's pres-
sure sensing clement to a pitot tube placed
facing forward in the airstream, and its sta-
tic side connected to a suitable static source.

The theory and general equations can be
found in any basic aero or fluid dynamics re-
ference book. The only thing really needed by
a sailplane flight tester is to know which
height of a water column corresponds to vari-
ous airspeeds. A mercury column is used by
most airplane instrument calibration shops in
the U.S.A., but at the lower sailplane air-
speeds the mercury column does not usually
provide sufficient resolution for accurate low
airspeed calibrations. For this reason I pre-
fer to use my own simple home constructed
water manometer, shown sketched in Figure 1.
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Figure 1. - Manometer Airspeed Test Stand
Sketceh.

A squeeze bulb and a valve control the
air flow that pressurizes both the indicator
and water column thru a tee connection. The
basic water column height versus knots cali-
brated airspeed is:

Ve = 4/24.573[H,0 colum height in cm

Find and carefully calibrate a high
quality master airspeed indicator, to be used
for future flight test work. Lt should have
low hysteresis and should have dial airspeed
marks for each one or two knots of airspeed.
The instrument marks do not have to be exactly
where they should be at each speed because by
using the water manometer and the above equa-
tion an exact correction chart can be pre-
pared, For best results a small electric mo-
tor vibrator should be mounted on or near the
instruments to keep them free, both during
ground and flight testing.

figures 2 thru 4 show calibrations that

were made on several German and Polish wanu-
factured airspeed indicators using the above
described water manometer and velocity equa-
tion. Little average deviation is shown in
any ol the various countries instruments; so
we all apparently agree on airspeed indicator
calibrations.

B. tﬂg_ﬁLtQ@;l&@jhration of Aigﬂﬁquggﬁi-ps

This next phase is very important to the
gathering of accurate performance pelar data.
It covers the flight calibration of the sail-
plane airspeed system, which is not difficult
but needs to be done correctly and with care
to assure the desired degree of accuracy.

What is done here is to temporarily in-
stall a complete but separate known calibrated
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Figure 2. - Airspeed Indicator Calibrations.
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Figure 4. - Airspeced Indicator Calibrations.

airspeed system in the sailplane to be cali-
brated, and comparc readings in flight. The
temporarily installed calibrating airspeed
system is comprised of three items: the care-
fully calibrated airspeed indicator, described
in section A; an error free pitot; and an
error free or known error static source.

The error free pitot is quite casily made
from a few small pieces of brass tubing, sol-
dered together as shown in lFigure 5. I nor-
mally install this temporary pitet with ad-
hesive tape, on the canopy itself, usually at
a forward corner of the side ventilation win-
dow. This hooded pitot tube is called a Kiel
tube. It is relatively insensitive to being
misaligned with the airstream, but try to in-
stall it pointing as directly into the air-
stream as you can, to minimize any possible
error source here. Connect the Kiel tube out-
let to the pitot side of the calibrated air-
speed indicator with a short length of plastic
tubing.

The third item, the error free or known
error static source, 1s the most critical
item, and is not as easily obtained as the
pitot source. Any aircraft in flight achieves
its lifting and maneuvering forces by airframe
induced changes to the static air pressures
over its exterior surfaces. That means it is
practically impossible to find a reliable sta-
tic source on the sailplane itself that will
be free of error throughout the entire flight
test alrspeed range. Aft fuselage static
vents located about half way between the wing
and the tail usually come close to being error
free, but seldom are they perfect cnough for
the data accuracy desired here.
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To ensure a good reliable static source,
it is necessary to locate it a fair distance
from the sailplane itself. 1 recommend using
a trailing static "bomb,'" such as the one
shown sketched in Figure 6. The static bomb
is connected to the static side of the cali-
brated airspeed indicator by about 15 meters
of 5/32" I.D. by 1/32" wall thickness flexi-
ble tubing., When the sailplane is at test
altitude, the static bomb is carefully lowered
out of the side vent window to the full length
of the tubing. Care must be taken so that no
kinks occur in the tubing, Run the cockpit
end of the tubing thru a U shaped piece of
174" 1.D. metal tubing to prevent the plastic
tubing from being pinched at the edge of the
cockpit window while supporting the trailing
bonb .

Now with the Kiel tube pitot, calibrated
airspeed indicator, and trailing static bomb
temporarily installed in the sailplane, it is
ready for calibrating the sailplane's air-

‘q—q—»i
|
@ Fwb —a—ro C"_“_"‘\‘ Rty
w4 i
i ‘1' SR
5 # 7
5 X020 Bpass SoLbeEr
Tuaine —=WiTH
)

Bory Enps Orey

# H
«~—opv o2 prAcs—
TusiNG

N
"vol vo2o"
Brass MovnTinG

PLATE SoLDER

i

fos 2. | Y 1 ——

Figure 5. - Kiecl Tube Sketch.
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speed system. A moderately high tow in smooth
air is needed. 'The sailplane is flown stead-
ily for a short period of time at each air-
specd for which a calibration point is wanted.
Both the sailplanc's airspeed indicator speed
and the temporarily installed calibrating air-
speed indicator readings are recorded at each
test speed. The sailplane's calibrated air-
speed, at each point, is whatever the cali-
brating airspeed indicator says it is, cor-
rected of course for its own manometer mea-
sured errors. This assumes that there are no
errors in the Kiel tube pitot or the trailing
bomh static, which | believe is the case for
the units shown in Figures 5 and 6.

Altitude and air temperature readings are
not necessary here because they do not have
any effect upon the airspeed system calibra-
tions. Usually only one flight is needed to
obtain a full calibration of a sailplane's
airspeed system. After this is completed,
the calibrating airspeed indicator, Kiel tube
and static bomb may be removed.

Examples of several sailplane airspeed
system calibrations are shown in Tigures 7
thru 9. These airspecd system calibration
data shown have been corrected for indicator
errors; so they represent a system with a
perfectly marked airspeed indicator. The
sailplanc's ASI can he removed and calibra-
ted with the manometer, or it can alternately
be calibrated while mounted in the instrument
panel by connecting its pitot side to the
calibrating ASI, and pressurizing both with
the squeeze bulb and valve discussed carlier.

G Performance Polar Measurements

Now that the sailplanc's airspeed system
has been calibrated, the hardest work is over.
All that remains to be donc is to tow the
sailplane to high altitudes when the air is
smooth and measure its sink rate when flying
steadily at various airspecds.

[tems needed to make these sink rate
measurements are smooth air, a stop watch, a
calibrated altimeter, and an air thermometer.
Typically, the errors in a good grade sensi-
tive altimeter are relatively small, amounting
to only 2 or 3 percent error over a 500 foot
descent interval, which [ generally use in
sink rate tests. Sometimes, however, an ap-
parently good altimeter will possess up to a
50 foot incremental crror change over a 500
foot interval, and this will introduce a 10
percent sink rate error if not correct. For
this reason I strongly recommend that a care-
fully calibrated altimeter be used when good
quality data is wanted. Illere, I find that an
aircraft instrument calibration shop can pro-
vide an adequate calibration. However, you
must tell them exactly what you need, which
is a careful, descending only calibration
with check intervals of not more than 500
feet.
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If the calibration shows a badly zig-
zagging error curve, the instrument should be
replaced or overhauled, if it is to he used
for sink rate testing. [ have my own favor-
ite instrument that I move to each sailplane
being tested. Its calibration shows only
small changes in error with altitude, such
that over a 500 foot interval, the error
would amount to only 1 to 2 percent, even if
uncorrected. Altimeter errors alone do not
degrade the data quality, provided they are
smooth progressions with altitude, and a re-
peatable and accurate calibration is achieved.

The altimeter is really just a sensitive
pressure gage, just as the airspeed indicators
are. However, the altimeter measures only
absolute pressures, and therefore has only
one pressure line; whereas the airspeed indi-
cator has two pressure lines and measures
differential pressures.

The altitude unit marks on an altimeter
correspond to absolute pressures existing at
various altitudes in a so called standard
atmosphere. The standard atmosphere is an
internationally agreced upon average air tem-
perature and pressure versus altitude,
throughout the world. Seldom are actual
flight test atmospheres close enough to stand-
ard to ignore these errors, and atmosphere
corrections, in addition to the altimeter in-~
dicator corrections must be made. A detailed
explanation of why and how these altitude
corrections are made is5 given in Reference A.
To prevent this paper from becoming too
lengthy, only the final necessary equation
will be given here.

Either have the towplane make the outside
air temperature measurements during the tow to
test altitude, or temporarily tape an QAT gage
out the sailplane canopy window and record
temperatures during tow. A 3° C error here
will introduce only about 1 percent error in
corrected sink rate; so these measurements do
not have to be very cxact. I normally measure
the OAT at each 500 feet of altitude during
tow. The long climb to test altitude tends
to be a bit boring, and recording air tem-
peratures gives the sailplane pilot a useful
occupation.

When test altitude is rcached, remove
the OAT gage, set the altimeter to standard
day sea level pressure at its index window,
close the air vents, turn on the instrument
virbrator, and position the data pad and stop
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watch for use. Set the airspeed upon the
first planned test speed, and record the al-
titude at which the stop watch is started, and
again the altitude at which the watch is
stopped. I normally use 500 feet indicated
altitude change as a test descent interval.
Larger descent intervals improve data accu-
racy but provide fewer data points per tow.
Everyone has to make his own judgements there.
At the high test airspeeds where high sink
rates are experienced, 1 usually extend the
test altitude intervals to about 600 to 1000
feet to improve accuracy.

If the air would ever be completely free
of any vertical motions, a reliable polar
could be measured in just one flight. How-
ever, this is practically never the case,
Even though the air feels perfectly smooth,
there is often evidence of gentle clear air
waves, even over flat lands far from mountains.
These show up as sink rate data scatter, and
for this reason, several test flights should
be made, preferably on different days, to ob-
tain sufficient data to establish a reliable
polar curve. Sometimes a test flight will
show excessive data scatter over a portion or
all of the test altitudes. When this happens,
throw out the bad data and try again on an-
other day. Be careful not to keep the low
sink points and just throw out the high ones.
This will result in overly optimistic polar
measurements, and perhaps is the method by
which some enthusiastic designers justify
their performance claims.

sink rate data
sea level
because that

Once an adequate amount of
is acquired, it is corrected to
standard atmosphere conditions,
is the customary way to present performance
polar data. The equation used to so reduce
the flight test sink rate data is:

R/Sgp, =

Where:

Measured rate of sink, corrected
to sea level standard atmosphere.

R/Sgy, =

Altimeter measured altitude in-
terval, corrected for instrument
errors.

Time required to sink thru the
test altitude interval.




T = Mecasured absolute air tempera-
ture at midpoint of test altitude
interval.

P = Standard absolute air temperature

° interval.¥
P = Air pressure at midpoint of test
altitude interval,*
Pag, = Standard sea level air pressure.®
Teop = Standard sea level absolute air

temperature.®

The above sink rate data reduction equa-
tion corrects for the test air density being
other than standard day sea level, It permits
the flight test calibrated airspeeds, dis-
cussed in Section B to be used directly as the
data point airspeeds on the final polar plots.

The sink rate correction equation is not
difficult to solve, and can be done quite
quickly with a small electronic pocket calcu-
lator. If very much testing is to be done,
programming a larger computer can save time
and also be used to prepare final data plots
and tables.

A collection of recent polar data measurc-
ment plots are shown in Appendix 1 of this
paper. Most of these data plots were prepared
by a computer plotter device, programmed by
Bob Gibbons of the North Dallas Glider Club.
He also devised the least squares curve fit
computed line thru the flight test data, shown
drawn on most of these plots. This curve fit
line is that calculated for a theoretical
parabolic drag curve that best matches the
flight test data. The equation used for the
curve fit line is:

R/S = AV3 + B/C + C/V3

Where:
A = The sailplane profile drag constant.
B = The induced drag constant.

C = An arbitrary stall region drag con-
stant.

V = Airspeed at sea level.

* These values are obtained from I.C.A.0.
Tables.
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This curve provides a fairly good fit
to most of the flight test data, provided
that the sailplane's profile drag coefficient
remains relatively conmstant throughout the
test airspeed range, and it appears to be
adequate for some of the sailplanes tested.
For others, the unmodified Nimbuys II N173 for
example, the above parabolic curve does not
follow the test data well in the 80 to 105
knoet speed range. Apparently a fairly sharp
profile drag increase at around 95 kts exists
there, and a more complex computer equation
is needed to follow N173's data. Likely the
wing is leaving its low drag laminar "bucket™
rather rapidly at that peint. It is appre-
ciated that better data curve fitting neceds
to be done to rigorously follow the sink rate
data obtained on sailplanes whose profile drag
coefficients vary significantly with airspecd.
Work on this is now being done.

The parabolic curve fitted the smoothed
wing Nimbus I1 N45JD data much better, appar-
ently because the additional wing smoothing
kept its wing at lower profile drag levels at
the higher airspeeds. Wing wake rake profile
drag measurement testing necds to be done to
verify this.

[t has always been customary to measurc
a sailplane's performance polar with its sur-
faces as clean and smooth as possible. As a
result, the sailplane's performance polar is
at 1ts best. Ilowever, average flying in and
between thermals involves sharing the air with
flying insects, especially in countries with
moist climate. Collisions with these small
insects occur, and gradually the leading ed-
ges of all the sailplane's surfaces are rough-
ened. Laminar flow is soon lost and the sail-
plane is exhibiting a much difference polar
than it did during its clean configuration
flight tests.

For this reason it was judged that the
sailplane polars should be measured with rough
leading edges as well as smooth. To roughen
the leading edges systematically, a pattern of
small square pleces of fabric tape, about .25
mm thick and measuring about 5 mm on the sides,
were adhered to the wing leading edges. A
pattern was used where one "insect" was placed
gach 15 cm directly on the wing leading edges,
a second row in between and about 2.5 cm
above the leading edge, and a third row also
in between the first, and about 1.25 cm below
the leading edge. This pattern placed a to-
tal of 20 tape squares per meter span along
cach leading edge.
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'"Bugs' on Kestrel 604 Wing
During Flight Test
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Tape "Bugs'" on Nimbus II
Wing Leading Edge
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Kiel Tube and Static Bomb
on "Bugged" Std. Cirrus Wing

This bug installation is perhaps some-
what too dense to be representative of average
USA flight conditions, but for much of Europe
the summertime thermal insect population is
high and a 20 bugs/meter impact density may
be achieved within one or two hours of flight.

The flight test polar data measured with
the 20/meter '"bug" pattern on the wing are
shown in Appendix 2. Significant increascs
in sink rates are shown for all the sailplanes
tested, and stalling speecds were increased by
2 to 3 knots by the bug installation. The
sallplanes that were most severely affected
by the bugs were thosc which showed the lowest
drag levels when in the clean configuration,
notably the Nimbus II and the ASW-17. Ap-
parently the leading edge roughening disrupted
practically all the laminar flow on the wing
and left only turbulent flow.
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Wave Gage on Kestrel 604 Wing

The designers and pilots usually do not
think of their sailplane's performance in
terms of what it really is, when roughened by
a normal load of insects. As a result, many
competition pilots may be using speed rings
and final glide computers that are much too
optimistic, A "fast" speed ring with a buggy
wing can quickly take the pilet to uncomfort-
ably low altitudes between thermals, and the
problems on final glide are obvious.

Just how many insect impacts a good sail-
plane wing can tolerate without losing most of
its low drag laminar flow has not been deter-
mined, at least during the Dallas testing.
Nimbus II tests are planned soon where 5 bugs/
meter and perhaps 10 bugs/meter will be tes-
ted. [f these tests are completed in time for
inclusion in this paper, their data plots will
be included in Appendix 2. It is speculated

pr



that since laminar flow is normally lost over
a 14¢ included angle behind each rough point,
the effect of 10 bugs/meter on the wing lead-
ing edges will be almost as severe as the 20
bugs/meter. Alsoc, that even the 5 bugs/meter
are likely to show quite significant increases
in sink rates.

1t should be appreciated that due prin-
cipally to atmospheric air motions, it is
practically impossible to obtain completely
error free sink rate data measurements. This
requires that a fairly large number of mea-
surements need to be made, and the results
averaged. Here [ think the computer curve
fit to the data is a good tool, It saves the
test engineer time and money by requiring
fewer data points to establish a polar curve
with fairly good accuracy. If the tow re-
sources are available without restraint, [
prefer to obtain about 50 data points to es-
tablish the polar of an average sailplane.
However, I often find little change to the
computer fitted curves after obtaining 15 to
20 points.
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It is hoped that thru this paper others
will be motivated to conduct flight tests of
their own, and that meaningful discussions and
better understanding of sailplane polars will
Tesult,

The author is indebted to the Dallas
Gliding Association for providing the many
high airplane tows needed to obtain the data
presented here. Also, to the many owners who
donated the use of their sailplanes and their
time toward the conduct of these tests, and
to Bob Gibbons, who assisted with the data
reduction and prepared the computer polar data
plots.
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APPENDIX 1

CLEAN WING CONFIGURATION POLARS

et — NIMBUS L1 N173 :
N/G= .03 LEG/FT#xZ
wpg LYnrtooiFiEDs Covpiiope| ||
A "H-")*'I’uu
= e-Ts Tesrk
BEB
"~
y: SB8 A
o
[
Lad
B uma
T
Y
el o
=
W apg
280
90 +— Tt
//
/
B 1

B B I 3@ 4Wa Sa BA 7@ GHA 9d

CavisraTed RIRSPEED (KNOTS)

21

BR# NIMEUS TT  NYSUD szl
Nzﬂ__l'_i' f': 13 LER/FT#%2
L T e e et N el -
Wini s SmeorusslTo. e
PEﬁh'jb’FEﬁKiWﬁV?NF:;
(2 Xven. Gace LepsTn)
g 5,18 PSSO, SRSCE RO I,
iv
Le.
)
fo uue -
2
v
= /]
Ul 3pp 4 /f{ i
Jos—
208 : Lo
AR
g//
agr i
1 darE
168 _}‘",_rir‘ ——
/
//
B .4

] 1@ 28 2 w4 os4 RS W oA (5 B N O 1

I2E

FIRSPEZED CRNDTS?




TECHNICAL SOARING, VOL. 1V, NO. 4

o S T (S i ml S i 1 g |
Wehs s LBSsFTT . W/S= 7.0 LEGS/FT®
Wre=|lll4dB5 5n 08 I WT=HJBJ“_ e
,qu1|'w4 “:_‘T | ) Fepllors Tesir
s [ N E S Wathness =00t ma SR SRR i R .__]- i I I T R M S,
Wink W, U,»w.r.u.ssf = pos| M.,:.
?;"LWU i3 SuRFACE Conbition
SEALS "
oL opTimura_Feae 1 T W A o SRS DR I A SN S e odlco
BB TR il
M
i) SRS NSNS (R AN, N (VI NN O Y S o = g d et imuen Fepe & | =
= soa = S e 5 ! '
1 L
b e
g 4 — — —_—f | —r b —ff—— —fiie——} T pg . -— e
(334 i
73 N "f I
3 <
= __/_—_ F L
Ut 34 4——1— St (L ol S, 5 —-t LT apE 4 - 4
= 24
A Al &L ‘(:; T
N bt a viot
/S Lot / v
Fop +—— - A e e | Frai ]
CR " e
A o
A i
Sl ]
- qB & | o a
1 f— e e B S 1wy |- e
/l //
/
o ]
B ot l - i ..-‘_..{_.- R, oA PraE A
O T T < N ROt V- N - B o P X - SO N = N 1T (- 1 R L L K VLB S i
CALIBRATED PIRSPEED (KNUTS) AIRGSPEED CKNOTS)
l / " P :
i NiapsTZASY: 17_Pochr CoMPaRIS NS | un SRR N £/c' A 115 YT O Ly S
: DBALlAs IGmea Assorm ‘tpid WMIEASURCMENTS i i b= 5. RG !
iGOO i | . . ) , L
| | i T |
| E | ] ‘| . | : / / ! 70 J." RS ) Papcepane Tesr |
! ! ! : lia | |
I-?GO O . | Unmobirien NiarusIl-~ / |
| I O W/s=6.03%/rr* / / |
| | (vivz) P ; oy L=FacTeny Coworrtoy
| fohy i P L T, ' i f 0 i =05 MAn Waves
- | J | ot |
:Gool-:-‘ .!. . _— Z'i ! -I;/ ! |
L 1) SMOOTH’ b NfMEUg_,_I_Eﬁ’Jl R s
z W/S =643 7rr* : 0o
&: 500 : T : 5 ! l::
| i
i ; :Ill n 1l
1 R g i : =
iy ‘ | 4 b
}- 4ob { i s ! . T LV
=y ‘ Ty R =
7] % =1 I L Ul -
1 e B R
300 | PR
¥ | ' L :. H
-:E 1 I i . i 207 4 —
v} ik zikic Lty
200 ]!:,, . Bk o : x
- ke Sy o
f ""I : ! i 161 -
i . i !
Joo| - b : ! 'i'fj‘;"f; '_l_ _
l | ] -0 l I. i ] I
| e gl Lt ) , R A S .
| S i . | ! ; B 13 3 33 wm SR B4 70 BA O 9W Imd 110 128
) 1 ; —
i 20D | : i i
| 0. N 2 £ 6o | & ; I | Iz0 RIFSITED CFiiTH)
- | Cm (ERATED AIRSPERD ~KTS

22




SINK RATE (FFH)

TECHNICAL SOARING, VOL.

Iv,

NO. 4

- Sink RaTE~Fliwm

il STD CIRRUS B NSCC ool | _PIK-Z0 NImDC | o
W/h= B.7B tesfert W/75= 5L.59 LES/FT
_1)/\?":\'2'( 1976 Te=zvs
; l-fi?r.f /l.'LFRar.r Fw: KCowwEST
Lok s Fy e o ) e I T o W= T s E— =
Mo Szaus], Wine Wares
28 . AR
_Orrimom_
&Rl = - —_ B Fear %crmws
4
g6 — = s
o
o
-
L
BT — ] N —
=
Y
-
kelil] - L gpg
A
o a
L 208 ! el Lr e S
3 /V/ A
4 1A Ly w P
4 5 ¥ <
g i
11 - Sk ! 198 oy
B ] | t u*/ + | + ' '
18 Ea 3@ %! 53 G 3 B4 md IR M@ B OIB 28 33 M1 A B4 T8 a4 oa In1 @ 1R |
AIREAEED CXNDTH)Y CaLisrATED RIRSFEED (ENOTS)
. . { &.n e ' ! !
1 PIK-20 Pocagr Wirnovr AILeron LNTERCONNECT | i Sro. Cirros /P20 Porar CompApisons
oo W/ = '(g LB/FI:“‘ g : i . | - Dactas Grruws Asctociavion Moasvsemints ¥
: | Wr- e Las - (O 1 4
_ ! : ;
|7 Nloo Dc SN 8 P b | ! X
RS J ' g o [Wims 7] S
. ! : § ; 3 OPrimoem :
2 t ! | b l’:f:‘_‘r’”rc St Crerus B B
S |TesT | Dm—r o i Wi = £.78%Fr (¥sce) i
o 1274-7s ! ! ; i :
e ol 1776 i A B i ] Lo
i ! i | | ! | i
oy it} ‘ : o
Sop| OPTIrum Fiar.! [ i B ' ; P]K 2o Whire Awevew- [ _
SEIrTmcsl ! ! ] . FF.AP J-_JELE-‘CN_#{!_- e it '
i : . ! W/s=6.60 Yrrt(vicoss)  fif .
40| . || i [ 4oo | R
Copl e o« | i [ : & A
| i : ; v ; ! { R
b 3 i . t R ‘3
00| - b ._| H 1;300 3 3:':r'i'l', K
: I : s {0
; o betts o - ; _ ’ Lol
- ! | b X o I ll el . §-|
200| - et 228 2|2 .: 7 i |
I % TN Y. |
: { ; oy Pl e T
S T ‘ e N X
2 H P Diad | i I
Jeg| - 5, 42 s {oo : | i v b I
N I i el b oy
. : i ] | E,
O ) i) : : i
o | eo 40 60 1 8o fos | I 0, @,y 40 | €0 79 leo lzo
| § !
| Cavisr ATED A IRSPEED ~kTs | ' L CacieraTep AlRsPEED~KTS |




TECHNTCAL SOARING, VOL. IV, NO. 4

L

7 L |
W= &35 Las
WMo A FReteFELaplNErs o8 -'EcL‘_

~ Lt

g [ ISR | S S LR N T - | ) I
!‘ e
IR L Y s . o L
P = UL LR R e (] SN S N E £an | S OPTIOMm Flap Setrivgs gt _
13
/ b
o . /i s
o gty 0 N - ! ] 2 cugd S T P NS A
0. [
L T
A e
Le] * Lt
i e et 2 - A7 RS R e e i |

SINK RAT
WK

i / g T

e — - i T i = Ll EESPER, SRR, TS NOTrs 2ER S Pl L
.//
L
E -
2

T

[
[T5id ey — - o o (s}

/ 5 == afs —
L] //

I (Y O 8. I

i
!
- i I L =
o 14 Fod 2 Y 50 . Ed T BT # 13 ] ] i ) L 7a B =5 T TR N O U 1

CAtteraTeEDd  HIREPLZD CXNOTS) CatlgraTep  RIRGPEET (KNOTS)
APPCNDIX 2
POLARS WITH ROUGHENED WING LEADING EDGES

j A0 NE

- R : Y A - ;
W/h= B, 13 t8e | W/h= B.2H LES/FTT

|
‘ ’ & Wit 10 Bues/MeTER

5 AUGE | |/ .
ST NYSJD | ol L. fi - | MIMELS 11 MY,

HEY g N

Wirn 20 Bis s W1 -
T b Rt -5/»’}.*30.1.& shiloma Yoo it e e (On Winve Leaving Evgis | | .
On Wine Lepoing Erices ! | ol
i i
Egﬁ "-E —r—— EHE - o - . A ]
-
fe
~ | 1 pred .‘F
E [ Y S — ool SR O ey Sl i ! 2 ] — S S, S B
| L 'y i
[T Lo + 1
o . = s

r
TE

:_.‘: Y L — e — o L3771 — Ty NP— — e
[ / e
- |
¥ | = LA
mn I8 +——- - 4‘,____ ek _|7.._// LIl ero] = —_— /_/ S
/ ¢-‘24Q4"f</ &
3
vl
/ i
2B - i : 208 - :

LA
Sfilj .

Inn ] D -, i -— —— P = >
| ! Bk e I

/ } |
. el !I : i J @ —{]i—/ . i |
3 ]4] 2 24 Ha 5a Eit e B b I S S I F s R B 18 20 34 N =R =H4 ?I[-l fts) 94 |Ed 1B [E(E 153

RIRGREED (XNITED RIRSPEED CKNOTS)

]




TECHNICAL SOARING, VOL. LV, NO. 4

. (e i [y
—FrEcT O E_.r—_,.“. oy i - HEW-17  MILLT

| On. MimBos : ; | W/S5= 7.00 LEG/FT
& 3 5% T LATA b J
yog L Wiltn 20 Buas METER - e
O Wine [LEADING Epses
1
l E;‘H J B T SN — A ————
» | -
i Ll
_ ot
_.'. IL o
eS8 1{3 o'
=l
P [N} f
3 E —- ot dollo
¢ w
w LY .
[ = L~
< i app e RPN SN 7./: SRR
in ’ /‘ - @3
| &
i xj\f*
= A
e R T LR L, I W ——, -
G 2 = Z/
3 a
“z;i_/.‘ .
“1m
lmﬂ —— e ) VUSRI W W E— . .
: H el s I
: ' : T @ id 24 4 M4 E3 B4 T M 94 LB LW 1R 132
- 40 ..| €6 |- B0  loo | l20 | s ;
120 |40 0| 6O o il NTEETD (RNOTS
P CALBRATEN AIRSPEED wrTs g HEEEESD LRMEE)
J | Loor
aHn e | BTD CIRMRUS B HSCC ’/] it o — e PRI N L
W/G= E.FH L&Fe WAL 0LTS 1 BNAFT
| f W =78 Las
T
!
e _— WJ_TFf__gO,B_‘.’lGS/K,-iﬁT'{ER_______ 14 g LWt |20 ._B_QQéKmatl;-:R N o
Ow WinG LEADING Eoses O Wineg LEapine Ences
1 ]
i
EHp i EESEd (v sodh P | i [ 4 i S ! SR il = IS 45 - —
Qe S PO NV I TN (N D s LMo Turcecommeelr, | 1 1 .
E 4 T = OrTisup Fejar SlETTiNG 2
[P [ X
S N
L L |~
ooy TIPS G S LS | PSS SR [ PRI B e [ 1] Sl S SN
[ ; i :
¢ 4 / [y '/
a2 - 5
& W3] =
i IEn s _‘/’5,4! AP et N a3aa
a/ &/
e \,[/Dﬂ'
ZHE - —— ....44._.._ sy 28— et - EONEENE [N, W
a A
i
L3
188 : e 108 -
8 4 | B rd i — i
d ¢ 28 34 Y 54 Bd 70 Bd 9@ Q@d 14 1 BB T4 YE S4 GE T Ed oS3 Imd LD Uvd 13

rJ
7]




SINK RRTE (7P

TECHNICAL SOARING, VOL. IV, NO. 4
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e s — o s Speed Speed for
Ship No. Pts. A B ¢ L/D  (knots) (knots)
Clean Wing Data
Nimbus II 45 4.,457784E-04 1.51I8574E+03 2.730008E+06 47.4 53.0 91.0
NASJD
ASW-17 37 3.795699E-04 3.350214C+03 9.329395E+05 47.4 515 95.0
NAAJD
Nimbus [1 54 5.024578E-04 8.199601E+02 3.463737L+06 47.5 51.0 88.0
N173
ASW-17 24 3,.875257E-04 3,212967E+035 1.106780L+06 43.1 56.5 94.0
N1UJ
S5td Cirrus 43 5.531463E-04 3.4534047E+03  4,168375E+05  35.9 51.0 83.0
B N5CC
SGS 1-35 17 6.926850E.04 1,510947C+03 2.669085E+06 36.8 48.5 78.5
N17976
5G5 1-35 20 7.4987895E-04 4.195301E+03  8.967441L+06  36.6 52.0 78.0
NEBRES Rouvhened Leading BEdpes
Nimbus I[1 17 6.007870L-04 3,403578E+035  1.105043E+06 38.4 48.5 81.5
NALTD
ASW-17 29 5.904513E-04 -6.977034E+01  7.705988E+06 38.9 54.5 83.5
N1UJ
5td., Cirrusl8 0.3380020:-04 2.922656L+03  1.135903E+06  34.5 49.5 79.5
B N5CC
Kestrel 21 GL20708308-04 2.0725723E+02  T7.776531E+06  36.0 54.5 82.0
604 NLTL
505 1-35 16 T.207360E-04 4.381031E+03 =1,981943E+06 32.4 44.0 2.0

NL7976
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