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SUMMARY
In this paper the performance degadation of a hypo-

thetical Standard Class sailplane due to insect debris on
wing surfaces is estimated. This has been based on wind
tunnel measurements of a modern airfoil with and w h,
out artificial bug pattern. Speed polars have been calcu-
lated. The peculiar characteristics in straight and circling
nitht and the effect on the averate cross,country speed
have been considercd. Attention has also be€n directed
towards the influence of differcnt ty?es of themals and
the glider pilot's appropriate reaction.

NOTATTON

Figrc 1: Lift to drag potat of the WWgnsS for dilferent
Reynolds Nutnberc, uith anil tDithout bug pattem,

The airfoil data was combined with the wing shape of
an e\isting Slandard Class gl'der A computer proSram
Steue' rAIrhaLrsl2j, basing;n theWei\i;teFAito;(hm

wds used to calculate \peed and circling polars in d clean
dnd in a contaminated condition with diff;renl wing toad-
ings.

3. STRAIGHT FLIGHT
The calculated speed polarc for both configurations and

two extreme wint loadinSs are show in Figure 2. As a
matter of principle, veiical velocities facinS downwards
have a negative sign.
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1. INTRODUCTION
For more than 30 yeals geat efforts have been made to

achieve laminar flow over a major foaction of the wing
su ace of gliders. It is well known that insect contamina-
tion counteracts this endeavor and can lead io premature
transition. Wind tunnel measurements ofairfoils in a clean
and articificially dirtied state make it possible to investi
Sate the efJect ofinsect contamination.

2. INPUT DATA
The airfoil being used is th€ WW97155, which was de-

veloped ai the Laminar Wind Tunnel of the University of
Stutt8art(Wuez [1]). Abugpolarwas derived with a stan-
dard bug pattern with about 130 bumps per meter span.
Four strips of mylar film were used, 0,06mm thick with
bumps of half spherical shape, O5mm high and 30mm
spaced. From stip to strip all bumps are shifted half of
their distance in spanwise direction. Fiture 1 shows the
lift{o-drat polars of the clean and the roughened airfoil.
Experience tells that for airfoils with artificial bugs drat is
nearly reynolds number independeni.
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Figwe 2: Speed polarc ofa hypothetical standa
class sailplafte with and without contatnination.

With contamination there is not onlyoverall greater sink
rate but also the lar$ loss at low airspe€ds are remark-
able. Th€ smallest sink rate is now obtained with airspeeds
some 15 km/h hither From this poinL the additional sink
rate throuth conta mination increasesboth to lowei and to
higher speeds.
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4. CIRCLING FLIGHT
Circlint polars for the analyzed configurations are dia-

gammed in FiSure 3. Subs€quently the), will be used to
estimate the de8radation of the climb rate in lh€rmals.

The airspe€d necessary toattain the smallest sinkrate is
shown in Figure 4. Surprisingly, the ideal airsped has a

local minimum at a certain radius (p.t. for wing loadinS
30 kglm:: V = 80km/h at R = 125 m). For lhe contami-
nated configurations the alteration is morc intens€ and at
larger radii. Likewise lift coffrcient, Ioad factor and angle
ofbank vary strongly at that point (Fiture 5). An explana-
tion might be gained from the term d€scribing the sink
rate in circling flight (Eq. 1).
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Figurc 5: Optinal airspeed, bank nnsle,lift coefficieflt,
and load factor for a.ontarninated glider uith uins

londi gWS = Jqkglm:1fiile ciffling.

3rd fator

If the fraction 28l QSRSCT) approaches the value one, the
third facror in (Eq. 1) reaches infinity. Consequently with
small tuming radii the sinkrate is influenced mosi stionSly
by ihe lifi coefficieni CJ in ihe ihird factor. To achieve a

sma sink rate one should fly with manmunr lift coefficient
and low spe€d. Wilh very large turninS radii lh€ influence
ot rhe tir-i tactor. rhe.limbanJ cciling ractor c2..3/'? is
larger. This recomnrends to flv with the lift !:oefficient of
the smallest sink ralL' of strai8ht fliSht.

Abng the polar the following takes placc: Th€ closesl
curves are flown $,ith CL,,,,,. R.idius and lift coefficienl
deternine load factori bank angle and airspe€d declinc
with increasing radius. There nrust be a radius where ihc
maximum lift coeffici€nt is still optimal. This is when the
favorable airspeed is minimal. Towards IarSer radii the
optimrl liH coefficicn( decre.r\es rapidlv, thus dir-peed

trows nt,rn AFpft'dchrnt a of nrin,munr cD.i"' ,'n-
speed \\'ill start to vane agajn.

For I hc clean tlider t he smallest sink rate nr sl raight fli8h t
is oblaincd for a specd and a lift coefficienl close to those
of slow flight. Thus this phenonrena hardly becomes ap-
parent, rnd the opti nral airspeed decreasesalmosi monoto-
nously. With conlanrination, the speedofthe smallest sink
rate rises bv l0-20 km/h, accordingl), the appropriate lift
coefficient attenuates. Therefore t he fa vorable airspeed var-
ies more strongly \, ilh the raclius. To loosen the iurning
radius bv ten metcrs can connote to fly 20 km/h faster for
good reason.

No glider pilot is able to keep the best spe€d for his
turninS radius all the time. Hcnce theconsequenceofdif-
fering hom the optimal speed is worth investiSating. The
addilional sink rate aSainst lhe minima) possible n]av
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Figtrc 3: Sink ntc in cn.ling
llight as a fMction ol hming tadius.
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Fig& 4: Optimnl airspced to achIeT'e the
smallest sink nte in a circle ol giz,en radius.
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6. CRUISf, PERIOD
Speed to fly tables can easily be calculated. Speed{o-

fly values for th€ tlider models examined are diatnmmed
in Figure 7.

E
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Figurc 6: Additional sink rate of the clean (enpty sym-
bols) and contatninated (f II sytftbols) glidel if deoiating
lrorn the optimurfl aispeed. Diffeftnt diagarns fot differ
ent tumiq tutdii (uing loading 30 kg/tt ).

benamed At 
"i and diagrammed asa functionofthe dif-

ference to the optimal airspeed A%r (Figure 6).
The computation was pe ormed with Eq. 1 and with

the relation of lift and drag from the stmitht fli8ht polar
(Fiturc2). Re)'nolds number-ef{ects arisint with hiSh load
factors have not b€en taken into account. This leads to small
erro$/ e.& in some cas€s Airci(A%i =0) isnotequalto

In fllntthe clean ttider faster than recommended, the
sinkrate grows slow€r than it does when fllng too slow
As the contaminated tlider sink least with minimum
speed up to a Edius R-130m, there is no flying too slow
in this range- except for safety.In larter circles the losses
of too high airspeed are higher than those of too low- Ac-
cordingly, from a theoretic point of view, the clean glider
should rather be circled too fast than too slowi the con-
taminated one, vice verca. Althouth the contaminated
glider seems a bit more tolerant in some situations, one
must not forget that it still sinks about half a meter per
second faster. Cenerally not optimal airspeed has less ef-
fect with increasint radius.

5. CROSS COUNTRY FLIGHT
As a simple model of a cross country flitht the well-

known speed+o-fly theory will be us€d (Maccready [3]).
It treats a cross country flitht as a series of cruise-climb-
cycles. The avemte crcss country speed can be calculated
with Eq. 2.

' wtv - w\v.tJ) -'JJot
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Figurc 7: Speed-to-fly diagarns for the exanifteit gliiter

It is noticeable that the pilot ofa contaminated glider is
recommended to fly up to 15 km/h faster, when variom-
eter readings ru(V) + l,",, ar€ sliShtly below the value ofthe
expected/ average climb rate u." (max 0.8 m/sbelow). The
reason is that the speed of minimum sink rate is about 15
km/h higher with contamination for aI winS loadings.ln
case of higher sink rat€s, the contaminated tlider should
be flown slower as its polar falls off more strcntly with
hither airspeeds.

7. CLIMB PERIOD
Fi$re 8 shows the additional sink rate caused by the

su ace routhn€ss durinS circlin8 as a funciion of the ra,
dius. Leading to a smaller averaSe climb rate, it gows with
increasing wint loadint and decreasing radius. Thus es-
pecially narrow thermals will handicap the contaminaied
glider
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Figte 8: AdAitional sink rate ih tuming flvt caused by
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To calculate the decrease ofaveraSe cross country speed,
it is necessary to estimate ho\^' much the cliDrb rate of the
contaminated Slider la8sbehind the one oflhe clean ship.
Todo so, some;nformatjon about circlingradiusorat least
the appearance of the thermals is needed. In Tab. 1 the
paramelers of four model thernals, introduced bv
Horstmann I4Jare put together.

A1 A2 BI 82

updraft sradient t#l
updraft at R = sorn [*hl

2,53
2,50

3,91
4,44

0,42
1,88

0,58
3,70

Table 1: ParameEfi of Horstmann's model therrnals, oali.l
fot 2srns Rs Ls0n.

Addint a circle flitht polar l,.(R) and an updraft distri-
bution !.',(R) results in a climb rate distribution ?r.J(R). The
difference between the maximum climb rates of the clean
and contamined Slider in one updraft gives a hint, how
much the expected average climb rate has to be reduced
due to ins€ct debris on the wing surface- These diferences
are tabulated in Tab. 2 for the four model thermals and
dif{erent wing loadings-

rate 1,!" = ., + 1r.r, and finally multiplyint the read

out with uarlrri!. Thus, all phenonrenons will arise at

different average climb rates, but the conclusionsbasically
stay the same.

The cross country spced of the clean Blider can be com-
puted directly with Eq. 1. For the conlaminated glider
the avera ge climb rate has to be reduced bythevaluesfrom
Tab. 3 and the worse straitht flight polar has to be used.

In Fit. 9. the average cross country speed y, is dia-

$ammed as a function of u:,. The upper limit of All)i.
wasused. By the way, theemployed valueof Alr,i. canbe
takenatlheinlersectionpointbetweencurveandabscissa.
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Figtrc 9: Atttrase crcss co fltry speed as a function of the
itenlae cli,nb rcte ol the clea sliderzuith the sameuiing

Assuming Aui. is immediately zeio, then every deSra-
dation is a result of worse pcrformancc in straitht flight.
In thiscaseall curvesoriginate from the c€nter of the cooF
dinate svstem. At a Aui" - 1 m/s the average sp€ed de-
creasts from 64 km/h to 52 km/h (W/S = 30 kg/mr) or
fron 72 km/h to 60 km/h (W/S = 50 k8/ mr respectivel),.
r{jth improving weathersituation (W/S = 30k8/m2i2.5m/
s; W/S = 50 k8/n12:3,5m/s)the curvesapproach each other
a8ain. Then thc lor,er edge of the laminar bucket of th€
clean airfoil is reached in cruise flight.

Also, the influence of the l{orse clinrb rate can b€ stud-
ied on itsown. Todo so, the curve oftheclean tlidermust
be shifted to th€ ritht bv the value of Aui.. It is obvious
that the strongest degradiation has to be suffered with
srnall climb rates ra!, as\^ith poor thermal conditionsthe
additional sink rate A!.'i. constituis a Feater part. In the
extreme case no altiiude can be reSained any more. There-
fore, \^eak (and found as before) close thermal upcurrent
is espe(ially disadvantageous for the dirtied tlider

Figrre 10 contains the direct comparjson betra'een the
clean and conta minated glider regarding the average cross
country speed under the same thermal conditions. By
means of the deviation from the median of ihe 6rst ouad-

t,.
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t

30 40 50
Aud [m/8J Al

A2
B1
92

0,57
0,57
0,47
0,48

,670
0,69
0,54
0,56

0,75
0,78
0,6r
0,62

Tabte 2: Differcnce bet|uecn the cti'nb ntes ol the ctcan
and contaminated Slider in Horstrnann's lour nodel

Accordintly,lhe upp€r and lohcr limits in Tab 3 should
deliver a good estimation of thc loss ot climb rale in
thermals by insect conamination Aui" .

w/S lkalmrl 30 40 50
0,6

0,45
0,7

0,55
0,8
0,6

Table 3: Estinlat?d loss of clitlb tatc i,l thcnnals b!
insect .outarhirntio .

8. AVERAGE CROSS COUNTRY SPEED
ln this section th€ average clinrb rate of the clean Slider

u:, isusedasacharacterizationof theh'eathersituation.
Thus, this value can also appear in context with the.o,
tarrtrafu'd glid€r. Neverthelcss care has to be laken when'
ever different wint loadints are to be compared, because

the same updraft produces different u!, values for d iffer-
ent wing loadings.

Restint air will be assum€d durint the cruise bptween
the thermals. This is no dra stic restd ction to the mode). A
pilot always finding air with a certain climb rate a,,, dur'
ing cruise may read his or her average cross country
speed from the diagams usinga modified average climb
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rant, the performance loss can b€ read off directly. Ii can
easily be seen ihat the loses by insect contamination b€-
come relatively small when hiSh average speeds are pos-
sible. However the calculation was peformed up to an
average climb rate of 7 m/s. The shape of thermal up-
drafts has little influence: The cuwes for differcnt values
of AllJic lay close totether

a$6q. c's @wrry $.€d v* or r,16 d6,n erdor tkMl

Figure 10: Cleafl aftd cofttaminateil glirlet conpale.l bV
artefage cfoss cfornw speed - tuo cunes fof dilfefent
oalues of Lui. (Tab.3).9.

WATER BALLAST
It is stdkinS that wjth a given crcss country speed V. a

glider with lower wing loadint loses tess speed through
insects. This raises the question, whether insect contami-
nation influences the time of dropping one's water bal-
lasi. Howevet in that comparison the weather situation
has to stay constant for all wing loadints. This is not pos,
sible with Fig. 10.

An answer can be found with Fig. 9. For this purpose,
variation ofwint loadingfrom W/S = 50 kt/m: io 30 k8/
m: is being consid€red as an example. Provid€d that
thermals do nol chan8e rherr <trengh, decrea.inB winS
loading rr'ill increase the overall climb raie of rr9!. The
size of this incrcase depends on the shape of the thermals
again. It will be assumed that ihe climb rate of the liSht-
weight glider is laryerby a constant value A&@r.

To derive the cross country speed of the li8htweight
glider as a tunction of the climb rat€ u:!,soks/m, with high
wingloading, its curvein Fit. t has tobe shifted to theleft
by the consiant A1,.1. Then the specific climb rate

.l,,rors7-, is soughi after at which the crcss country
speed will be equal forboth wing loadings.

As ihe curvecan actually not be shifted, a strip ofgraph
paperiscut, itswidth correspondingto ihevalue of A?rur
in the measure of the abscissa. Placed parallel to the
ordinate, the strip is moved along the u3" -axis until ih€
"clean" curve for W/S = 30 kt/m: on the riSht side and
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the "clean curve for W/S = 50 kg/mr on the left sjde of the
strip have the same value. The intersection pointb€tween
the left edge of the strip and ihe 1,g" ,axis determjnes the
expecied climb rate under which the pilot has better
dropped his or her water ballast.

ln the same way the same stdp can be used forthe con-
taminated tliders. As these curves already intersect the
abscissa at different points, the different degradation
lhrouth in\ecl< r-automaticall) con5idered. slilithe \dtue
to be read out at the point of intersection between papei
strip and u:u -axis is the climb rate of the conespondinS
clean glider Thus assuming that therma)s attenuate mo-
notonouslyintheevening,thederived valuescanbeused
to compare, whether water ballast should be jettisoned ear-
lier with inse€t contamination. To obtain the climb Iate of
the contaminated tlider the rr:,,soks/m, values has to be
subtracted by A?rj. of the W/S = 50 kglm2 winS loadint.

For this method it is necessary to know the improve,
ment in climb rate Auur. It could be estimated similarly
to Aui.. Howeverno futher assumptions shallbe made,
but a wide range of values be tested, namely 0-3 m/s. Us-
ing the larSer values from Tab. 3 for Arj., Tab.4 was ob,
tained.

BI B2 (,

3,0
2,5

2,0

1,8
1,5
t,3
1,0
0,8
0,5
0,3
0,0

2,8
2,7
2,6
2,4

2,2
2,0
7,7
t,4
t,0
0,0

>4,4
>5,0

5,3
5,1
4,7
4,2
4,0
3,4
3,1
2,6

1,6

>3,6
>4,2

4,5
4,3
3,9
3,4
3,2
2,6

1,8
t,5
0,8

Table 4. Climb rutes, belo|t which tDirlg loading should be
rcduced flom W/S = sqkg/m, to 30k9h,11

A. Assumed difference A1,ol between ihe averaff
climb rate of the clean gliders wiih W/S = 30 kglm2 and
50 kt/m:

B. Weather situation with thai the lithrweitht and hea\y
ones resemble fast gliders, characterized by ihe average

climb rate u:,,soks/m, ofthe clean glider with wing load-
ing W/S = 50 kg/m:.
B, for clean gJlders
B, for contaminaied tliders

C. Value of B: converted to the average climb rate of
the contaminated Bljder with W/ S = 50 kg/ mr. Tab. 4 was
obtained.
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Compadson of row Br and B2 recommends to drop water

bala;t earlierin the daywith insect contamination Rows

B^ and C show that despite the hither Polar sink rate, the

,;eraEe climb rate ol the contaminated glider is still higher

al theiime of droppinS. l hu5 the pilot has lo use a hither
threshold when he intends to droP his ballast under a ( er-

tain value of variometer rcadings.

10 CONCLUSIONSAND RECOMMENDATIONS
Besides generally hiShersink rates in\ect contamindtion

of a slide;effects d diflerent shape for the sPeed polar'

Itencie the airspeed ofthe lowesl sink rate increa)e- by l0-

20ljn/h. As a'consequence circles 'hould 
ratherbe flo$ n

too slow than too fast - as lont as this can safelybe done'

Theaveraqecrosscountry speed rs moslaffecled with Poor
thermal c;ditions and ciose updrdfts waterbaliastshould
be dropped earlier in the day
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