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shjeat: Apet Ulenl Investigetion of the “oemdy ACee,

Introdnetisn:  drerty interast hou been rroceed in ¢ vluld dynanic phe-

rowenon, thn no-cplied Cosnde Wffant, in respect to a Romnian,
tr. lienri Cosnin, whio cieimg Lo hava dlscovorsd the chanomenon in
“rris, Franes, prior to 193%.

Cosnde claims the vhonamercn to be aiplicabdls to induced flow
(thrnst nugeentetion) units; & high-lift, low-drag wing; and veri-
cus tyvex of prira rovers.

A epeaisl norzrle or slot with r cerles of flat lips or sur-
fxowa, Tirure 1, oroduces the phenumenon, which ia an increase in ,
velocity and wnes flow, sand the daflection of the issulng atream
sronnd » ecriss of surfaces, By «mploying the vropsr langth and
engular placement of the attnched lips, n deflaction of 18(° in
the iwguing streaz mey possibly be realized.

Cujests  Iu order Vv nid in Uringing moout a decision ss to the degree

of importnnce of such sn. effect, and 10 sid in the presen’ thought,
axpectation ond investigation now active or t0 Us r.ade active on
the subject phanomenon, this prepzint of a T=" Anplysis Report is
dacsed nacessary, und presented for informetional neods.

Biblioernphy: M. Hanrl Connda discovereo in the courss of his axperi-

mants, o dovice, Figure 1, which produosd the following effach.

IT alr wae ejected fram a rectangular or annular slot or nossle
AB end a ucries of surfacee ©, D and  were attached ss shown as -
inoressing angles from the initial sxie of flow YO, there w=s an
increase in the velocity and wass flow of the fluid, sad Lt Sended
tc follow around the surisces C, D and E, eatreinins some of the
free alr B. This increaee in mass flow wos ficther improved by s
straight extansion of the other wall JX to JZL.

Coande adapted this phenomanon to warions dsvioes, l.e.; an
indicad flow (thrust cugmentation) device, Figure 2; » wing for
bigh-11£%, low-drag charsctsristics, Plgure I: an pxheuss goavens
per, Flgur 3 5 wind twmel fnn, Figure 5 a watsr propulsion
device, Figurs 0; end » rotating pury, Pigure 7.

Ptimnnts vers mode by Counda during 1936 to 1938 to interent
tha Bramienburg Kotor Zompany, in Berlin, in the Coandin Efleat.
Sinea it vma not posaltle Lo Juige the welus of the phenomenon
from the lenonstrations, end Soande carld not show any theoreti-
cal calenlrtions, he wng -dvised to have exourimenis made to ahow
tho adeantrma rnd usefitiness n the device. German encinears
s7w tests of the erhaunt cepvenger, Figure 4, 4n Prris, and no
intersart un: nroused.
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A raport, "On the Fhanavenon of Fluld Vein: <nd Their
Aoplicetion, the Cornidn “ffect,” wns prasante: Yy A. ", Metr g, o
grorcauor with tha Conservatory of Arts ~nd Trndes, Prris in 1010,
The report presentod n methemstlonl investiys tion of tus subject
phignocienon, which does oot truly represent n theoratic:l annlysis
of e Corndn Affact dus 30 disregard for the frictionsl snl com-
prersibility affact of rlulde; ard include:! resalis of tests run
during 1937 and 1946 on motorcycle, bus snd pessongnr car anginms
using an exhnust scrvenger, Figare i, to improve ths power output
of englnos.

Amarican interrogstions with K. Joanda during YO and in
early 1946 brought the Coanda phenomenon to light agsin, snd it
e learnad thas a awtor car radiator mrnufecturer, Usines Chasson,
bad used the Coundm no32le devioe, Figure 2, to lnduce sir flow
through & radiator, directing the exhwust gns from the engine
through the snnular Coanda slot. The gensral manager, J. L.
Yoitrine, said tests produced a flow » tation of sbout 611,
with a nos:ls (50 sm in dismeter end » 0.1 wm Connds slot.

In the Book, "Ouids t0 the Stuiy of the Alrflow Theory," by
Or. imivig Prandtl, 1931, reference is mede 0 a device proposed
by NACA whiich is similar in sotion %0 the Cosada induosd flow
device, Pigure 2. This devioe, Tigure 8, wae usel for evacusting
twmel after high pressure tasts W direoting compressed
air through the aznular slot A. A similar dgvics, Pigore 9, wase
propossd arnd used by the British, for ntilisiug the cospressed
& largs wisnd tunnel, %o operate 2 mmell induced wind tunnsl,
Yy directing the ompressed sir through She chawbder A, snd cut the

hrysler Ocoporation was omtanted, and it was lawrned
[ nglne was provided in 1934 for tests mentioned
. stigation of the progress deing
was wdertalon snd it was deoided that no further interest
ws werzanted sad all eotivities of the Chrysler Oorporation oesased.

Ooanda phenomenon oconsists of the following individual
sffects as followe!

1. An inoreass in the mass flov and wvelocity of a fluld
fsmuing from the exit sestion of a reatangular or awinlsr nossle
or slot by placing one side of the exit wull at sn sjute angle
to the direction of initlal flow, aided possidly by a streight




axtenalon ot the othar will. The configuretion of the two wally
fores nn offact divergont nozzle, which it ip well-knowm, produces
n grentar mass flow then a siunie noszla., Fi 10 cunpuros a
\vgul'r divnrrent nozzle and the Coenda type diverswnt norsle.

“.  Oaflection of the mnus flow through an angle, ty mesn:
of n maries of wnrfeces at rcote anglas to arch other. The de-
fiection of a fluid by mear.z of & wmrofthly carved wall, Figure 1A,
it »1)-"mown, and warious =mimple emd u.ofu] rpplications csn te
cited enc experimenta medn to show this. By the use of stops,
such as in the Coanda device, Pigure 1, it is plauaible thot the
sotnl nngle of ‘daflsction mey ba greater, sinoe by the uss of a
shaxp corner, ouch as i3 formed Ly two of thw surfaoces. LT aa-
raple $ rnd D, the mass flow 48 strengly accslerated, ard the
alighs soparation causes a turbulence viiub produses an sugmentsd
mmm. and a renewed boundary layer energzy. It misht be hattor,
as shown in Figure 11B, to use & smoutlly “owrved surfaca until
Juat before svpsration would normully ooour, thea Ly msens of a
corner, ronew tho boundary layar energy, snd allow a greater de-
fleot ion,

3, Entralmmant of sdditianal air by d ug the stetionary
aly almﬁmh the primary Jet, providiag an sadditiosal mass flow.
it s =imown thet a Jot of any fluid hew she property 2t its
surface to dreg ntatisnary fluld into mtion by means of frictlon-
sl forgus. Sagpared (0 a free Jet, Figure 17A, vhioh can ssuse
entrainscnt on all sides, ths Coanda device, Figure 1M, dus %o
the required conkact ¢f ons side of the jJet with the wll, csa
sntrein {luld along only one side.

The Coanda device hms inherent ensrgy losses, which are pro-
Auoed dy ths notion of tho devico, as followe:

1. Loss due to friotion slomg the series of surfaces while
& ctange in the direction of motion of a fiuid cocwrs.

2. Loss e L0 bomduqunrmmml

Thewe mluunvmomupﬂmtm sinos a siwple
divergent nosxls will produoa of the Cesnda Bf{'ect
which is ‘ha increase in the valecity and nass flev of the primmy
streas, snd tha antraineent of stationary air, these loeses sppeer
to 1isit the practiosl use of such x devioce. muww
hmomweﬂectannmsotwmanfmu

pant oo @mum purpoaes %o effisimtly utilize the energy ot
the Jet, 1twmmwmmmnfat.
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CSopprda cdevicn ppyiler tione:

1. An lnduced flow (thrust augrenting) nozzle, ¥igure 2.
In t:le nozzle  working fluld A issues from nn sanulur Ceande
slot ¥ lnto » noz:le 3, Jucl bafore tre venturi section F. The
purpose beins to inmduse ». flow D through tue n.z.le, ant praducs
+. flow or thrust auguentecian.

Figurar Y and Y show other proposals for sugrenting the
flula tlow. PFigures & :nl 9 are similsr Lo the iniuced flow device
proposed by Goands £s shown in Pigure 2, except in the mathod of
plaocing tiie wvorking fluild into setlon. Since initial wixing of &
veimers end secondary flnld megquires lerge surface contsct between
the primery nnd secondsry Jjut, the surfsce contact of tha davica in
Pigwes 8 nnd 9 coudd b lmproved over that shown Uy ervss=-3sotion
in Fleure 13A, by ejeoting the fluid An = series of hemicphericsl
portions, the cross-section of which would be as showm in Figure

138.

Banct ecaladation of indused flow ejector action is pras-
tically impossidle, but with a numder of aseumpiions, a close ap-
nroximaticn can bde s-de.

Theiv ave two methods of ejecting a primmry stremm into
an {nduced flow noszle, either by uteing & central-Jet, such ae
found in standard jer s, vT hy using s riug-Jet, such as used
tn the Coanda noarle, Pigure 2, or in ths other induced flow de-
vicos shown in Figure & and 9. Ring-Jet eJeciors hawe besn noed
previously, Yigures 8 and 9, wvith good resulis; bein; raed in the
induced flow tvnnel, Pigure 9, meinly to avold the turbulenus
vhich world be present wors a central-jet employsd.

A stuly of the two types of ejectors hes heen mnde, assia-
ing the ontimun dimsnsions and flow conditions of sack., Since the
Coandr devine is mersly an inganious mothod of utilizing & ring-jet
and it hus ulresdy besn shown that there are inherent lossss in the
urs of such a Coandu devios, an ideal ring-jet was coaridered.

In the onse of 2 osntral and the ring-jet spplication,
therv {s an optiznm size for ench, This is show in Pizare 1WA
which ahows the maximum augoeviation avallable from tha optimmm
rbc-rt and oentral-Jjet novszles. It can de seen that the enti-
mwn dismeter ir difiazent 13 each case, dw to varying snsrgy
louses, and thet different thruet augmentaticn L= obtaluved. For
each type application, there i3 & seximm alr speed at which the
unit will produce no sugmentrtion. It oen de sesn, Figure 14F,




6

thit the optimm central-Jet wili oeasa to produce thrust auwmen-
tation At n lowar spead then thw ontimuem ring-Jet type.

. A high-1ift, lowdrag wing, Figure 3,

Air is blown thmugh a Coanda slot A, "var the wing B,
the uer surfase of which has Cosnda stepe, D, B, P, etu.

Feuiy wiys hade bsun proposed to increase tha Lift of
uiraralt wings, and zll bave shown n good degree of suocess. Sunh
wings have attempted to contol the boundary layer by sither blow-
ing 1t awny or suoking it insids the wing for disposal.

A well-knowa Hendley Pege wing, Figure 1%, utss an inter-
connecting peasseage Léiwesra e upper and lower wing surface, and:
only at high sngles of attack, doss thy syaten operate and air
blow over the upper surfzce of tha wing.

Wings have been tested which bave hlowed or sucked air at
varicus positione along the wusr and lower airfoil surface. By
placing a slot in the forwvard section of s wing the 1ift is in-
crensed a greatsr amount dva t0 an increass in the velocity on the
wper side of the wing, esince the asction of the sloé tends to in-
creasc the negativs pressure in front. Slots produce drags whigh
are inoompatible with high spsed, and their use can only be really
sdvantagecus during lov speed flight. Ths use of pressure slots

felds 1if% incrapants of the seme ordar of -:guulo as ¢ Jandley

e e rlot which pasess entirely throagh wing. It seeps
tha® were preswure slots required; a uimpls slot would require
less enorgy then g Ccanda slot, and the uppsr surface of the sir-
1011 would 1ot be broker up by the meries of Ccenda surfaces,
Figure 3, vhich may cause more dreg st high speeds.

3. An eximust evscunter, Figure L.

The puleaticne of the exhoust gas A from an angine are
moothed oat by semns of a loog exhanst nips, and finally flowv
from the axhaust swountor B through tho Comnda slots C, around
the Cosnda steps D. It bes long besn lnown that by utilising sn
exhenst pipe of oorrect langth, the efticiengy of an engine oould
be improved. If this effect xay be further improved by reducing
the dack pressu=e tc o greetar extent, a saries of siaple divery-
ent nosxlses could be used as effectively as the Coandz adots.

4, A wiv tuanel fan, Figure 5.




Al Lo paross, o waoag B o weete UL D et g e E
die wriengudns dovices auve, cnt surrounliae s de $R s teninet gt
3 sbtragn which folly  araundl U ;oo lohere ol the wille, Z5onie
sledne tha waes . Lo carented L oesch cormer ant = wnry nioh arand
3an be atindnel.  Toe coount L e lr sdnitted to the sictes in re
oovarad b I and readsielel ve the Scinis elote AL Uinne the
only Increuse in spcud enn occar 1o whe wnrking flull goe: through
tha divergent Comulz norele, n, invrose rocurs 2t tha agreers;
end the o1ty “In 1 aoeevl ddare o rding: 1oseod coild b2 shnt of Liw

wrimeary Sluld.
e A wetes propulolon syaten, Flgurs ¢ '

I, wsing Lhe Cound davice in tio nose of ;. torpedo or
ohip, end atanting £lnid A thronen the a1t 1, tha *ariads © will
mova foruerl, It i known th-t by sushing on the thick bounlary
layor 4 the rerr of such r unis, the pronmuleisn efflicloncy s
grenter, then Yy awching on Liie thin boundsry iayer st the noss
of tis unit, Placin~ the nropulslon menas at the rear would
require dlcrezading the Uomdis device, snd evon if Lt coild be

uami, 1lnherent lonsen wouid give iess propulsio. efficlency.
€. A rotary pumy, Plpuoe 7.

A woiklig fiudl & enters the sotor B of the pusp D, nnd
{asues through goveral Cosndn slcte into a pusping chander C.
Using tha working f{iuid n3 o renl betwoen the rotor 3, ard the
frae of the pum 1, 11wl oy Ba pusped against s high jressure.
tush e v seannires net only e eorikeing fluld unlor suficiene
prossare to gvercons Ui working pressure, Wt nlio rotation of
the Conrndn slot rotor. This type of pwp requirss two difrerent
sorrces of cherg to oper-te it, an! gsince only sbout 50 ~ JGi of
the flula :wmped is Cror Lhe resiulred scuree, it would Lnve & low
afficlenc;:. 3ince woter in usal nus ¢ working 7iuld, a mseparation
aroenss in resuirad Lf nir or rnotlv » rseous motorial wns munped,
aines pdr would nov arovide & auffc, .t ramping sanl 1 used an a
working fluid, It sparrra thrt » sizsple genr cCosntric or pieton
oy el nravide LA chay of ficisnclee Wuin Yho pronoued adr
M.

It in atrengly felt that in nll orans whorm r, Conndn davice
hna boun oropoend, #nd no Joubt maay crn b antionad, 4t oan ba
aonlly sbown thre the device is not re nrretlenl ps Joasds clalne

14 to bve
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Surenryt A partinl analyticel study hes bsan meds of the phenomenon,
wx the davios (harsafter calll the Comsds davica) mssdei tc pro-
duca the phenooena. 1il suggentsl sppliostions heve been siudied,
and ths relntivo advantege shoan r2 compared $0 vaids nuw in use.
An inventismtion of the losse” pwewvalant in both the thruny ang-
menting dsvios and the high-lif4 low-dreg wing are noted, and the
relative value of each applionticn is cined in camparison $0 otber

ea Y b
we A -Known: Sothods,

Gonclusions:

1. The Coanda Bffect is a casbination of three separmte phe-
nomana which are woli-knowm, and have beex utilised in werious sp-
plications pravigusly, not necsasarily ia svwoh a cabination, but

sunaretely. :

?. Inherent losses in the phernvmena brought adbout tlreugh
the uee of the Cimnda davice, pracet saa initial dissdvantage om'
the eiisot.

3. In nany appliostioms, the G¥Fioe can Ye shoa to
be extransous to the action monght, o Wrely an {agwione ar-
rangesent of a mechanige alresdy ini:mse.

B, Ta all senlinstions of tha Ceeads device. ihe action i
desired i3 600OEDLILAONG, Gub aus woel CaBes, with the expenditurs /
of Additiciud. Gierigyy whtsh prabihiia tha wap of such a nmit.
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FIGURE 6. WATER PROPULSION UNIT
FOR SHIPS AND TORPEDOES
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ARSTRACT
Amalytical study was made of Coenda affect and of a Coanda device. The effect is a
combination of three separate phenomena concerning irncrease in velocity arnd mass flow
a fluid, deflection of issuing stream around a series of surfaces, and en‘rainment of
additional air by dragging stationary air along with primsry jet providirg additional :
flow. Coanda claims the phenomenon to te applicable tc thrust sugmentetiun units, a h
lift, low-drag wing, and warious types of prime movers.
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