


UNITED STATES AIR FORCE
 
AIR MATERIAL COOfAND
 

~ WRIGHT-PATTERSON AIR FCRCE BASE
 
DAYTON, OHIO
 

['~'- ~'-~-- 
~-

TECHNICAL REPCRT 
No. 5752 

AERODYNAMIC SHAPE OF THE WIOO TIPS 

.. by 
Dr. Sighalld Hoerner 

• 
Approved: 

it 

'-- O.J .Ritland, Colonel, 
USAF Chief, Aircraft Lab. 

For the commanding General: 

Fred.R. Dent,Jr., Colonel, 
USAF CHIEF, Engineering 
Operations, Eng. Division. 

Lab. No. 45Bl-3-3T 
E.O. No. 45B-41B• 

..
 

..
 

ADA800374 Downloaded from Digitized 2/15/2018

Confirmed public via DTIC 2/16/2018



• 
• 

• 
• 

• 

• 
• 

• 
• 

• 

• 
• 

" 

v

~

 
v

-
I\

,)
 

~
~

 
H

a 
~

 

~
 
~ 

4 
(
r

,: 
i .. I

 
a ... 

t 
f 

i 
...0

r • 
f

i 
a 

0 

I 
I .

g
... 

f ~
 

i 
i

• 
:. 

• 
. 

~
 

.c;-
· 

, 
" 

•
•

• 
I

.
'. 

• 

• 
.

• 
\I

t 
W

 
N

 
... 

, 
.. ..

. 
, 



.. 

w ABSTIW:! 

•••t.bDr ltud1ed ,. ~ ......~u.. 

Ad, IDd MIl a.nu ftNU"Cb 1.ut.U 
IndJII tbe -.oMat. of t. Up 'IWUoM 

titted wltla .....&1 cI1tt..._~ ..... 

• 

• 

• 

.. ,,,,2 11 

..
• 



111'.ROOnwuc SHlPW: OF THW: WIJ«l TIPS 
~ 

I. l4caUon or T lDi-Tip Vortice. 

Froa 8ach tip or a wing a emrp~ detena1.Ded Yortes 1s or1&1MtiM 
Up yc.-tiC8S auet not be contUll8d with the Yortez lhe8t or1l1..t 
tra11.1D& 8dg8 of the una. This sheet transrOrM 1taelt YerJ loon into 
pair or t1p yorUcee. '1&. 1 lhowl th8 rona tioD or ODe or tb8 two tip yc.-ti , 
_d8 rtsible when r81.eae1ni gasoline through an 8MrpncT outlet at. the lfttt 
wine tip. The two YCrtices rona a .tabl8 I1Btlta (borhshoe 'fO!"tU), tb8 ~at 

ntua or which is the 8quiYalent ot t~ induced drac. L1k.e W. 
Yorti~. cannot be aYoid8d in practical airplane conat.raction. 

~tect1Ye Span 

Th8 distance bt between thIt two Ycrtices 1. a M&lVe ot thft .tteou.... 
epan or the ring. If aeasured along tb8 traillac edp or t.be willi, ~ 
unal17 salllftban the actual span b b7 l~ cr 2~ ot tbe -1Dc c_d. 
larler the yalue ot bt, ~ ••ller is the 1DdDced a.1a ot attack aDd 
1Dduced draa all1 the greater the 11ft C\rYe Ilope. !be induced dra, it aD 
1JIportant pr0p8rt7 ot t,b,. w1ni at an aiJ'plaoe; tb8 110pe t. of eecial bteree\ 
when \Bing the wing a. a hor1soDtal tail .vtace. 

ril'D"8 2 shon the pc.etr1c location or tm tip ftrtex 
d1tterent Up lhapea, as "SWM ln Ret. 3. Tbe U .. tIo. 1, 2 
t.he laraelt errecUye 8J:aDa hi. lndent1.;r tbe tra1UDl .<Ip of 
18 1IIportant, d1ntct1Dl th8 Yortez al tar 01lt.uod .. ~.iIt•• 

~. 

Slde' !die. 

TIIft t~ 1 1n COllp&r180D to 2, aDd 4 lD COIIp&tt.ftl... Obrlouaq tbe sharp lide edp. are adftJ:rtapoUlJ 
11 roull1ed ediel faciUtate the now aroUDd tbea, flo. tbt 1 

upper wine I'\1I'tace, as 11lustrated with tip 10. 2 lD' ne. k. 

Lift Clrye Slope 

r1gure 3 • hows the rfJ1& t10n betlreen tbt lltt c cIl8 
b1. or the ?Crt1c8e; for th8 a8pect ratio 3 al 1IMd witll b • 3. 
hca t.bI lltt1nc UM tb8or;r 

Ida • (5.(1( l. + ch,· • I 
d{ ~L; tieL 1i 

(1) 

'aIdJIc 1Dto acOOUllt t.. ~l_DOe ot tobe w1DI c_d 
of attaot 1ato dear..., lt 11 der1Yecl lD let. 8. 

dtx_ " /I.t-l-·? (2) 
~- • 

If 
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.bon on JP1c. 4 IIUD b bettc' than 
ccrd1.Dcq the latter .bow a par..l 

• barp-ecSaecS tar-.. 

nth 11.2 caen a. to _tch thi expfJr~ntal po1JJt,. In 
ttecU.,.. atpect raUo • (b IS) - 41. In tbe pi' 

.~ ....--. trOla rue 2 aa _ uw-e d on the pro1orwatlon ot 

~Plate !ttect 

• 
• 4 co~ th1a ettect• 

...... trc. .U. edp to Ii&! edIe, 

.,..tr1c:al.q cSel1pftd wiDe. fba t 
~, -iDs to tbft cS1bedral ettect. 

.aM, 

nt 

!It ot a wiae due to 7ft, 18 atteotecS 

n. ,...lte W1Dl-Tlp Dral 
~ 

Panll L1tt 

• S 1Dd1ca 
(ioe. la, S 

~,.....1te \1p-cIrac _t 

• 
I, 1t 1a:reue. w1~ a 

pII1I' 01 I~ Up _ .. 

GTe _.JL 
r 

-. ooat-d 
Ide" 

'*
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m. 'or__ _ _ __ --_,,_ 
~ ...... -nte on a W'1ruz: Serle. 

fl'... 
1 
2 
.) 
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practica~ doe. not Jrf!sent the _lleet pOII1ble a.ount ot 1Dd1ac. 
iDduced drag as pj:";hcted b1 the017, espec1al11 not it the quart 
lined lip on the lateral w1D& axi.. In tb1a caee (eee '1&. 8), 
corner 1:1 aUsiDi, but the wiDi looka l1.ke a 1.&rp portion 0 

ott	 at the outer part ot the traU1D& edge. Such a cuttinc cI't rellllt. 111 IW 
tip yortex innrd, as shown in F1&. 2, and in reduciD& tbe ettectiYe w1DI umct

rat10 correspondingq. 

!pt !1Dgs 

Considering swept 
IUoUUIUII io:luced drag and 
at an angle or sweep .,. 
Tbia aaunt ot positiye 

~ 

oMVWtt.1oll. 

f.	 Practical Desi&!! ot the W1lJ-Tip Cape 

The	 tip terlA appearina aa the It08t ad....nt&ae0u8 in rip. S aDd 6 1a 
110. S, belidea No.6. It, b1 1Juagu.tion, thP. em ot a nft1c1eDtoq 
trapesod1al w1D& becc:. a cut ott trOlii below in an oblique d:1rect.1~ _~tl~ 
the bu1c tora ot 110. S 11 obtained. Thie &hape bas to be rouded 1D l' 
tarward part, appoon.tel1 up to t,b,. _x1aua apan. r1Dalq, b7 ta1r 
trane1t1oD !rca ttw! le:-er wing alrtace towanltbe tip aDel bT r4IPlac1 
Cllt turtace bJ a curTed 'ODe, tM shape u aholm 1n '1&e 9 11 obta1 

, lpan ot the Up cap ia approxiate17 a. (0.2S to 0.30) e, 
AWon qbt be extended up to the rear comer. Tt. d..1p tal to 
talWulq to th1ckJleee ratloe and eectioa elapel dilt.rellt, floc. 
M lbown in n,. 9. . 

Wing-tip capl des1pd accard1~ to tba rulfll oat.ll 
uecI with GerMll airplAne., aa the F1eMller 2S6, the JUDIItra 290 a. _til ~ 
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Ge~ Doct Institu 
~ 

rf'cent vfIlrsions of th,. Junkers 61 and 86. Probably then! are also American 
des~ in:::orporat.ing similar prin:::iples. 

R'P'.F'!r.RlP.NC"I'S 

tand und .l~1eb, Inn1JeDOe 
ot Rounding the Side Edges ot a W1Di on 

1.	 a.rner, !1nt'luss der lantenabrunduni a 
L1tt, Gerun Doct ZWB rB 

246 (DVL 1935). 

2. Hoerner, Raealicbe Untersuchunaen ia Wasserkanal., Tbree-J>1aene 
est1ptions in the Water Tunnel, Gerun Doct Fie 

16 (1939). 

).	 L!saelkau1, Dreika.ponentemlessungen UDd Stl"oabi1, 
ait Terschiedenen !ndlcappen, Three-Cc.ponent and F1ow-Pattern 

Fitted with Various Tip Caps, 
, Techn1eal Universit7 Braunscmreig, Bpt tro.

4. Z1=enaann, Characteristics ot SeYera1 Airtoils ot Low ct Ratio, 
T. Mote S39. 

~ 
S. l"nlittlung des achaed11chen RaDQlJ1.08 

Drag Originating trOll the Wi 
7615 (1943). 

r Airplane, J. !erOD. So. 
12, 1947, p. 659. 
n, DeTe10pment ot the Lockheed P-8Ol Jflt6. 

7.	 Boerner, l1r Drag, Vo1u.e 2, Dr" .Associated wi th t, Ul'IDUblUbed 
Oerll&n Report. 

6.	 Hoerl'1!r, Berechnung des raeuml1.chen Tragtluegela L Calculation of 
Laited Span, German Doct Messerschmitt TB 45/1941. 

Hoerner, F0nf&ebung der F1uegelrandkappe, T 
L1l1entbal Contereoce Rpt 119a, 1944, p. 69 or Doct 
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