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AI-' i Ilvmitiot~lf~io of Uit onytl ! t*~

1rtradj.cttn: ()Ter' intsrqt h, i been rrouned in t %.luiAi lynamic A..h.,
huuiffit"., t~iuf 11! -. f~lld Cornmfr 71fst in rnqyec. to. so ftRflhifl.
t,. liknri Coerian, %is)a cle~ins to hjmyA (tisco,,orod t~he r.tihn non In
-j rio. Frn~i. prior to 1)35I.

Coands ca 8111 tho tnnoemn~ to be, a-pliomble to Induced flow
(tIhriist nn enttstion muite; a k4it-lift, low-4wutg wing-, ,trwl r--

aus y~s ,fprirn ,move~rs.

.A eped*1 no?tle or filot wdth r, tiertes nf flat lipsa or our-
Is;ce..; 7Li-ure 1, urodu,-es t*,* phenmeron. whichi in nni increase Ini
velocity nr wn flow. iod.c the dm.flation of th4 is"Uing Itreau

Frtr-i tt errint of rurfacepi. Byr tmplo'iN- the' proper langth and
einguii~t Thcse nt of the attnahed lips, n deflection of 19OP In
thiq itesuing' strozin ry pos~izb3y bei rea.1-zed.

vuj~-oi lAn Ord',t tv, nid in binging noout a dlecisioii as to the degre
of Importciice of such nn.effOuL, and to &.d in the prsen . theut,
expectation end investiption nov native or to 'is .n4* ative on
the subject phenomnn, this prprint of a T-A. Ama~ysis bort is
ft-r..6 naceisary, tmid presented for infonwtional neeo.

Bibliograpkiy: 14. Henri Comnida iiisoysea In the coua" of bi. aiperi-
wants. a devics. Figure 1, wichi prodtx.d the following effect.
ir Ai aW es e.ctei from a rectrgular or annular slot or nosse.

AD end R unries of surfacee C., D and M wrs attaebs4 ansam~ at
unoree~ing nnglas from Wwh initial axis at nlow ft. there ten an
increase in the velocity end riess flow of the 11u141, and It tended
to followd around the surfaces 0, D and 1, entr*LM2tfl4 am* of the
tree air H. This Increase in ones flow was further improed by a
straieit e'itano of tit" other wall .31 to 3XL.

Coanda eoidpte4 this i*henwmuon to variens .4avims, i.e. I a
W~rt4fiow (twuwL augwnteation) device, igure 2: P wing for

hid-lif 1. low-drag ckirctristi. Pigure 3: M'% exMgove-
pr. Fir 'a" ."; wind tunnel fRni, FtIgars 5; a water propulsian
device, Figure 9; emd a rotatink; pv@4i. P19020 7.

t m jta~ were nsvde 1W Coandn du.ring 19)36 to 1938 to intereat
th., Branwvonburg M~otor IompaWy. In Berlin. in the Qoanda REffet.
IIne-si it .^&s not poaaible to jMdS "h velue of thp) phenomenon
from the lemonstrations. and ^o'tM Gold not shiow any theorvti-
eel epeoIcltionfs. he ung -dvis-d to htve exerrienta vet, tit show
%thi r,1-nt,rna a~nd usef~nass or the 4~vIce. Oerwmn enriaeers
&;w tests of th;e erhoupt tunveNgur, FLgura 4. In Pnrlrs, end no
interea't sm.,n rouzet.



A report, "On tro P'aontRenon of ?1uit Vni.n rid rkeir
Applicrtion, *.h C an i fleet,' vlo rasn..: by A. '9. !etr' L, r
rofeaor with tha Conirvrwtory of Arto -:nd Trrde-. .,ris in VIC,.

..hq report presentod a mnthowstioaMl investi#7tion of ti& subject
pLvnOcenor,, which doe* not tr%04 repreaent A Uoor'ticiA, nnlysii.
of e Coando rffect due to disreord Cor the frictional sor! coan-
prersibilit; affect of ruidd; andr indLud. resulta of' testo run
during 1937 ard 1939 on motorylo1e, bas and ps soi~wtr cAr angiei,
usikg an exhnust scavenger, Figure 4, to Improve th' poter outp t
of 'inne.

Aharican interroutions with 14. Oonn& during 10,144 nwi in
early i6 broubt thn Coema phenomenon to light W. In. tnd it

-ws learned thse a woAr oar radator agnufacturor. Osines Qzsson,
bad used Um. Ccindi aostla device, Figure 2?, to Sjidoe air flow
thmh a rodiator, directing tke ex xust ps from the engine
thrang the anaula Comida slot. 2he general manager, J. L.
Poltrine, saM tests produced a flow Puientatlon of about 6a1,
with a noszle L50 m in disitr vi a 0.1 m Coqna slot.

In the Vnk, "Oud tSothe Stak of the Airflow Theory," by
Dr. Zevig Pr tl. 1931. ref arse Is made to a device pzopAJw.
by I&CA Wob is s1-41m In stim to t Comda i nduced flow
device. YP~are 2. Wei d.$e, 7igur* do was used for evaiiiating
the w.n1d tim after khj prssure tests I* dizotng ompWwsbid
Wi b* hruhu om&=ar sdot A. A slailar device. FIVure 9, was

proposed ad aed 1W the ritish, for ntilisaiu the ompnss
air In a lae wt townl, to operate a wall indwied wind tmnl,
by directing Owe oonor sed.t rt Mrwu tw ohamber A, m out tbo
sailar slot 3.

Ues Muysla Oip'portim eas oatseWte, and it we luared
tht a P1wWA saglas we v$ied b 1938 for tests mntiued.
Ia A. R. Mita°ls rept. nve/stCIgtias of the prog.es being
m. ma mwras k wt it tea dselAed thet no further interst
w warranted sed al a.tiviti. of the Mraslr Oorporation oeased.

Oau~ phuenesamd devlocei

s Te Ogmia phism onsists of the follawirg ladiviftu
effects as follows

1. An Ino ase in the ome flow an velocity ef a fluid
lendag from the exit meotion of a reotangular or awumlaw nosle
or slot 1W piacing on side of the exit ml at an !aute agle
to the dirstim of Initial flow, aided pousibly by a stM&%t

p **'P

+. +,9 ,.+ 0



qxtenlott of' the otner wn1l. The cofigtir.t'on of VAe two wallio
forti r~n offftt divtarmnt noz71P. which it iu wtll-kotm. produ~es
n~ ~trMAG flow ti a siunl.o nozaln. Fhrur 10 'zuimpro a

x v~rfent nozzle Md t6e Coends type KvrAnt novr.0.

Deflection oft tl1V mas~ flow through mn anle by meaA
of a m*re6 of wirfeces at r-tte krabs to acoA otier. Th o
flection of a fluid by uww;:! of a mt~thly curved wall, 7118r 11h'.
ir-'~n~ and variouas sl~xple ant ui~ful rpplications can I:*
cited PM s."prinente mede to showc this. Bly the use of stop#.
oxch as in th4 Ooanda device. Figars 1, it Is plausible thot the
uotinl angle of ?eefloction =V be grestor. since by the use of a
shueT corner, ouch as Iv formod byf two of the surfaxe. *for ici

nql 0 emd D. the rme flowi is strongly Ptoolersted, arA the
alle~tr sapirwtion ca~uses a Mrbulncoe t:I prodnius an aumated
axjwa, wA a ranewed boundary layer enarvy. It u1tfi ba h--tter.

as shown In Figure Mi, to use a smouth4~ ourved surfaea unitil
just before swpsatios would nwzw.4113y occur, then br as of a
oorner. renew tho boundary ltayat energy. aind allow a greater de-~
flect Ion.

3. lhtreJruit Of AdditiftIam atir by drs~u V h stti Vy
airAcig wththe priary jet, prou~d~ an Witioal met flow.

't Is '!1-Iuiow that a, jet of uny fluid has Wo propertr at it.
iiurfact to Areg ntati-vary fluid Into metian IV meoms of frictio&-
*I fcora~s. 3apd to.a trie jet, Figure MA,& tick cem on~e
entraimet on .12 old*@. the CoenWa device. Figure l0, due to
the required cantiot of' one sids ot the jet with the wall, &
eittrrixa fluid along oni,,' mes side.

The Coends device I** lInhreat enaiw losses. t*iiah ane pro-
duoed by the n~tioti of the device, as follow:

1. Loss due5 to friotion aloag the series of surfaces %&Ile
a cbange in the direction of motion 9f % fluid com.

P. Loss 4ws to bcsbuaiT lawe energy rmeinl.

Then. two losses will &lwas be present and smoge a sile
4t',erget nzze will produce the ernefri petrt of the Gon~a Vffect
%bich is 'hno increase In the velmocit end mass flow of the Vwiaaq
strem iand the antninlent of statiawex air, these lmes s pezt
to limvit the proctiml use of ewok a devie. OnV iwee It w*4
be neoevmWz to deflect a fluid jot tkroq&~ an Anpner d1.splaos-
sent foir aMPPloion PMVG~oe to Off-istaltly titlu the ~&a of
the jet, doer It appear rA--wtauoea to a"e the Ooda Effect.



!FVin L .vnr rAp... ic- tionu:

1. A- - ,uc- low (t' ut augenti') noOzle, YiqUre ?.
In tht_. noz7b lorkire, fluid A lsaue.- froa n annulnr Coandc
slot l i)ti , noz.ie ', jutiL nfaore tue vritrl sectim V. The
pUniOst, bcInm, to indu, fl /ow D throi.,h t,lj- n_.. o, n-al i'u,

, ow or timhut uW~rantetion.

i, rop 5 and 9 show otner propo:31 for sugnentnl4 the
i7].ula Uow. 'igures S :n.1 9 are similvr to the inlauot flow device
proposaod by GoAnda ts shown In Figure 2, except in thc method Ol
pl ing Ue working fluid into action. S~roe Initia mixing of a
prrlmnr-r .- soosiidm: fluid, roquires lergi surface contaot between
tIL- primaiy nnd seoondary jot, the surface contact of the doviee in
I urO S td f could be Improved over it shown by O:n. 1
in JIeure 13A. by ojeotizg the fluid in t series of h-i-phericel
portionsr the crose-eectico of which vouad be as sbo in Figure

xActot eanlation of induced flow oJettor action 14 praa-
tioall.v impossible, but with a n aber of asp.mptions, a close ap-
proximntioa can be m.Ie.

Thef are two methods of ejectin a prioary strm Into
an indmed flow nlozle, .ither by using a central-jet. sadh at
found in rtintard ajet puMs, ;r by uaag a rIng-Jeto such as used
im the nAnda nojnie. Fig r P, or -he other Indued flow do-
via.. show in 7 r Snd 9W . RI-Jet ojsctors bae been used
pravioutly, Figurps 8 and 9, with good results; being timsed in the,
induced flow tu=.e1, Yigre 9. mainly to avoid the turbulea;o
which wo"ld be present were a entral-jet employed.

A stm of the two types of e.ectoras Io been mde, ausw-
In& the ort imn dimensions and flow conditims of each. Since the
Coanda dairies Is merely an Inrniolas athoii of utiliuing s. rinc-Jet
and it has alre&4 been shown that there are Inherent loss*s in the
uce of such a Qoemda devioe, an Ideal ri O-Jet wa con idered.

In the a se of a cntral and the PiWJet npliation,
therv Is an optiam els for wah. 2his is show in lto, 1"
thiah shows the oxmaim augmvtation available from the optimia

rIW,% and etiajet norsles. It can be seen thn'.Vv "--V

am 4imuter ir dUgaent ii emah o*s, due to varying se4ry
bose, and that different thrut a-mentatitm 1: obtained. For
each W" applications there is a &axims air 1peed at %hich the
unit will produce no saupmnt tion. It oan be son, F gure 14P,

' : , ... : ..
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tht hi ooptia certrel-Jet 41 oee to produce thrust mztzu-
t.tion At n lower speed tnhn t.he (ptimum ring-Jet type.

A hlgh-lift. lo -dra wine. Pigure 3.

Air is blown tnyuhi a Cownda slot A, nvor tU wing D,
tfie u'er ourfooe of ihiah has Coanda stepe, D, I, P', eto.

Y" %s*eys have :isn proposed to increase the lift of
tarzrmf t vinos, ane r1l bad *howi A good dogree of osuocess. Sunh

iLn g have attempted to ontrol the boundary layer y either ble'i-
Ind it Pwny or saoking it Indide t wing for disposal.

A wel-kova Ikmdley Page ing, 91gur. 15, was an inter-
conneoting peasa e sevg..,t aav uper And lower wing sudaoe, and.
Only &t high angles of attack, Aoe ttw eyslw oprate and air
blow over Ute upper surfaoe of tha wing.

Wings have been tested which bve bloved or sudd sir at
iarious positioe along the vuper and lower airfoil suaface. By
placing a slot In the forweaz section of a wing the lift is in-
creased a veater amo nt dva to an increase in the velocity on the
uper side of the wing, uinoe the action of the slot temde to in-
crease the neativ pressure in front. Slot* produce drap ihich
are inoomatible with high speed, au their use aim only be really
savantaegso duing low speed flight. The use of pressure slots
giclds lift Incmants of the sa order of mitude at a Ndlq

VtPe *lot hich Passe. Otirely = h w . It e"Os
that were pressure slots required: i u1Ile slot would require
le enarf tfan a OCeanda slot, and the upper surfce of the air-

t 141 vonM tot loo brokr uP by the serie of Oetnda surfaces,
Figue 3. imdich aay cause awre dr,%g at hih speeds.

3. An zhanet evsawuer, Figure 4.

T.e pulsatlone of the exhoust ps A from an ngi e are
mwothed oat by &wts of a lo g exha ut pipe, ind finally flow
from the exhatct ewuntor 33 thro&h h CmnAda slots 0, aroma
the Omanda steps D. It bps long been know that by utllsif
suAmst pipe of oorroot length, the ef'fismsW of s sane oculd
be IqWov d. It ts affect Wq be further Improved IV re&wing
the back preseuLe to n eater extent, a series of sisple diverg-
ent notlas could be used as offectively as the Coanma slots.

1. A w, twunal fan. Figure 5.

5



.,eis '~;L, wiii~. a *rroun'.:-i :ir Iftf' tr-1-TO ' t

tll-. ho la -j.. 'Ti.L.d -!, c cnrr.pr -.r.1 - wvv,), nl#.*i a-~

oovomr': %L it ma rr.a-,zatlAr1 toL U4, 10onln slots A. UWrx. tl~e
only, Inc ,&.oea in sp(.d Lc?:P )ccar Y n~ u.'Afl*fl, flui. goe: throlvoi

,"I the~ 'IV n, 1 ~*"'v # rrd'n,- looc-;. coslOd b-. vv~t Of

Thfwng Uhe ~o umvic In the nose of t.)rrfdo or
91'lip. :rd njne-tie V11dM A tthri"Y-i thp qjt V.. thm 0-nmruman C~ will
u'Of3 tor-isT'i. It I:; known t1-t bhy -ushirt on thu, Wi b3oarhnry
Ln (or :;t Ve~s rer'r o1 sualh r init. the fpropxal= £f.~n7is
grv-ler, Uir-n l Azing oit Uim ihin boundmnrv ]A~yer PAt tUw no"'
of CLw zlnt. Pleln' the propuin Ion memos at the rear wouald
rjvirn dicroe-rdiv, the (Go.on~ device, ,.nd avon If it ct*O!4 be

lu~,ihrn onsem ul uii ~1vv lezt propultio.N eff 1.cioun~y.

'.A rotary yp, ?1-.trs7.

A wozidmtA r!"!a A eaters Wie rotor B of Ume pu D, itri
isaii tuvuo4 sovera Coatnlit slots^t into sk ptuqin dcezmb'.r C.
Usaing tUin worki.ng rljdd its n s'oel bothmn the rotor 2,~ adth
frm-e of the purp 1), I'1ulFI cry ba pu~pod apinst, a hIdhrar..sure.

s" i ? .-=' -"'ufr's not m2,;' m -. yiA: flA4 undlor rnuff -ln
prosswae to' cv-p-mrc v4 orkin, pressure, luut ni*.. rotnt~on of
the C',pmn slot rotor. T7hi3 type of puvp requires two different
soryc of cn'riC toa oper.Lte it, nil slnce only ebout 50 - ?0($ of
We fluid :1Utzpe~d Is frm th" '~:rource, It would hrmws a low
efficiencr.:. Stnco v,'I~r is ummauno ruj working fluid. a seprtation
nron'pes in re",uirnd If stir or ,1vf - -reous =A.orla~l wis WJPune
ai-nap r ir wiul'I uvst :'rnv1.ip- t: pkiti?-& -rttr uwtlng sl if uotd as A
worinx fluid. It, evpor t~ sirplm gear 6caentric or pirton
pum, c-m1~l nrowldr .qn officlainciar LWv-ai thro propeud Co~w4

It I"i ntrener,4 felt thv~L in n r'sna whern r. Comii bvica
Woe boon rnropo'.nd, nd no *oubt w.,4v en b', mrtiom4, It ean b,

nlysosci thrt tho? devize Is r'ot rf- -vrrtieml. reu Iola cl,'t!.
it, to be



Simc~xyt A prt*a3 rantytical ult Iba been =A*. of the phsefan,
Pik Maoj fteviop lbarofter ca-le tbe Cowin device) mesdo.a to pro-
duce the phssnewna. All ugoWj~s ainiat~ons how been sgriedt

Ptk U r012tl"f advantW~I shftmU o-t o0mpaid to vmI~s Uww In use.
An~ b !ewto no of the boseam prevmaent in~ both the thrunt oe-
menting im md t* blgb-UIft-dt e-weg ane noted, mad the
rslative mrlus of each apiontion In *liRed In omqurism~ to otber

1. The Oow~As Effect Is a aambinat of three equmsrte pbe-
nowsm~ which mrs w.l-imm and hae bow utilized In wrms ap-
plications Proeiouly, not moesairilr I& swih a ambluan, but
sevrs tely.

?.Inberent loses in the phenineam bzaiglt about threat j
the ups of the CcsbSa davio p&aa" @a initima dis&Admtmnp on'
the O*U.@t.

3. XI MV WPpUCAticms, the 00Ssat Uyii Cem %e sham tO
be extr1omi to the action ~t, waV/ow mre4~ an ingmlow si'-
rauorelt of' a mealosiss *lley W~me.

It T.. .11 1 ALfA Of thA OeOuAS dNVic. the 6*tio
da sre Is r~acw .Lamig IhI&i a& mSw; afts With the q6di

o dilaliia ,* ~ -4.ba* o nh a nait. I

of ~ ~ '7

''. InI
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FIGURE 4. EXHAUST SCAVENGER

FIGULRE 5. WIND TUNNEL IFAN

FIGURE 6. WATER PROPULSION UNIT

FOR SHIPS AND TORPEDOES



A

FIGUR 7 RTAPY~MP COMPRESSED AIR

FIGURE 8. PROPOSED NAGA WIND TUNNEL
EVACUATOR

FIGURE 9. INDUCED FLOW WIND TUNNEL



F 1GURE 10. COMPARISON OF
DIVERGENT NOZZLES

A

FIGUIRE 12. COMPARISON OF AIR ENTRAINMENT
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=INl I'MIW A (13 141) :-ATI -
Voediach, A. DIIIN Aerodynacics (2) U - CRIG, AGENCY NUMBER-

SECTIONz Win~gs and Airfoils (6) '--255n .K
CROSS REFIRENCES Flow research - Methods (4,0950); "(-7)255N

Flaw along surfaces (1.0200); Coarda R 0ISO

AUTHOR(S) (1.0950) REVSIO

AMER. TITL~z Analytical investigation of r.he Coqisda effect .

FORG'N. TITLE, II

ORIGINATING AGENCY: Air 111teriel Command, T-2 Intelligence, 1Wright Field, Dayton, 0. 0
TRANSLATION,
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Analytical atudy was made of Coarnda effect and of a Coanda, device. 7Ito errs t is a
combination of three separate phenomena concerning increase in velocity ard masfow
afluid, deflection of iasuing stream arcund a seriea of surfaces, and ent~' re no
additional air by dragging stationary air along with primary jet providing additinal

flowr. Coanda claims the phenomenon to be applicabla to thrust sugentst-, units, a h,
lift, low-drag wing, and various typea of prime movers.
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