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SUXIARY

A 'Coanda Êpiral r¡ozzle' is destgned for the artiftaial
fornation of a free apiral ftow. Tlre uain focua of tlre
pr€aent study ia to observe the aerodynaDic characteristics
of the n,ozzle and diacuas its poasible util,ization in
srlrauat ventilation.

By using the Coanda apiral no,zzle a large eDor¡nt of air
containinB indoor contaDlnants can be exl¡austed even though
only a sDâlI aDount of prinary air is supplied to the
îozzle. Dr¡e to tlp 'Coanda spiral flolrr' for¡ed inaide tlle
îo"zle, air contaDlnants contained in exhâust air cân be
prevented froE attaching to the internâl Eurface.

A free spira.t flow is generated et the blowoff aide by uaing
e p¡¡ototlTe of the Coanda spiral nozzle. but it i6 not
clearly confirned tlrrough thiÊ preli¡inary teat whether a
apiral florw is foræd at the srrctlon stde of the nozzle.
At present tlle str¡dy ia in tlle prototlrye test stage and has
yet to look at practicâl application.
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SOIE OBSERVATIONS ON COANDA SPIRAL NOZT,LE
FOR EXHAUST VET{TIL/\TION

Yoshiaki Nagasawa
Ta¡ßenal€ Corp., Technical Reseerah Laboratory

ToKYo, JaPan

INTRODUCTION

One of tlle feat¡¡res of a Eplral vortex flotl is that tt
concentrates air- conta¡inents into' tlre vortex' óore generated
at the center orf tlle rotâtional flov and quickly transports
theE to the exhaust openint along tlle core axls. The author
bâs alreedy introdr,rced the nain findingB of a study on
applicâtion of spiral vortex flotfl to lndoor air qr¡ality
control fl¡. Tbe 6tudy dealt sith a for.ced Bpiral flour rrhich
waa produced by arttficia¡ly addtrig an angular troDentr¡D to
tlp fluid.

Tlre cr¡rrent fnve8tigatton, lro!fl_ever, exaDinea a free epiral
flow. Tbe free aplrel flow utllizee tl¡e pllenoDeEâ slpreby
fluids apontaneously initiate Fotationâl loveDenta Þy adding
a largÞ radtal roúentr¡r towart the centrel axis orf an axfal
flow. Tlre ¡ain foc,ue otr the preaent etuily is to observe tlp
aerodJma¡ic clraractérlatlca of the 'Coanda spiral nozzle',.
which tB destgDed for tl¡e artiflaial for¡atlon of a free
spiral f-lorrr, and discuas lts poaatb¡e utilization in er.lrauet
venti lation.

PRINCIPLE OF COA¡{DA SPIRAL ÑOZZLE

Ftgures I and 2 show a prototlæe of the Coan<la spiral no".zle..
An annular eltt ia forled on the conical part of the nozzle
to blæ pri¡ary air into tlre nozzle. Due to the Coanda
effect, tlle airflow ie attaclled to tlle converging surface,
and negatÍve pr€õ6ur€ ia created ina¡de the nozzle. This
negative preasrrre cauaes a[bient air to be aucked into the
îozzle a¡¡d forn an axial ai¡-f lory. Through tlp coobination of
theae tvo axisy¡¡etric flows a rotetional air Doverent Is
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spontaneousry generated in the nozzle. This rotational flow
does not diverge outwards fron the central axls, as observed
in a cyclone, but converges into the axi8 t2l.
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Fi8. f. Longituclinal section of a Coanda spiral n,o¡zzle
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Fig.2. Prototype of Coan¿la spiral nozzle.

VELOCITY DISTRIBUTIONS AT OUTLET APERTURE

Figure 3 shows the outlet veloc,ity distributions when
changing the s-lit width. In the case of a o. I ¡¡D sllt width,
the higher velocity appears in the outer part of the flow
near the îozzle surface, and lower velocity appears in the

Pri oary Air
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central part of the nozzle. This results becauae the
curvature of the convertlng surface tB not aharp enough to
give sufflcient radial EoDentuD for creating a rotatlonal
Dove¡ent to tlte axtal flow.
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Flg.3. Alr veloctty dtstributionB at. the outlet aperture. -

Ihen the slit width la aet to O.3 and 0.5 ¡u, tlp ve¡oattiy
in the central Þart ia ¡uch hitlrer co¡pared to the velocfty
tn the outer part, and the ¡axi¡r¡m velocity occurB at the
central â.(fB. Thte veloctty prorfite 18 alDilar to thet
obeerved ln larinar flow, â¡thor¡gih tlp Reynolds nr¡¡ber at the
outlet is ln a turbulent regton (Re-38,9OO), shich ilpllea
tllet tlle flow iB a free spiral flow in which tlre air
rotationall.y converge8 to the central. axie.

When the sltt width exceeds l. O ¡n, the velocity altatrtbutton
becoDea flat, ae obeerved in co]lon tr¡rbulent flow. In this
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case, it is thought that the air supplied from the õtit is
not attached to the nozz-le surface, but is detached from it.
Thus, when using the Coende spiral r¡ozzle, it is necessary to
arrange the conditions related to the nozzle configuration
and the slit width in order to generate a stable free spira-l
f low.

In the case of a slit width of less than O. S.,nn, the
features of the Coanda flow and that of the Coanata spiral
flow striking-ty appear as the Reynolds nuDber increases.
However, when the slit width is nore than l. O mn and the f-tow
of prinary air is detached fron tlre nozzle surface, the
veloclty profile is always f¡at regardless of the Reynolds
nunber.

CHARACTERISTICS OF COANDA SPIRAL JET

To confirn how a Jet airflow rotates, a quatitative
observation was perforned using a rightweight ctoth tape and
smoke. Figure 4 shows an exanple using a tape with a slit
wiclth of O.3 mn, in which the velocity profile shows a
typical free spiral ftow. Based on the lptical forn of the
tape, the f-low is confirned to be counterelockwiae. In
order to better understand the characteristics of Coanda

Fig.4. Helical for¡n of a tape in the spiral Jet denotes a
counterclockwise f J ow.
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apiral flow, it wil-t be neceaaary to Eeaar,rre vector
coDponenta in future studies.

For the Blit width of O.3 ED, De,aaurieDents of Jet velocity
distributions rere carried out at different dietancea froD
the nozzle outlet. Reaults reveâled ittle difference betueen
tlË neâeured profiles and tl¡at of, a clrcular turbulent jet.

Figure 5 slrows tlle centerline veloctty decay. Ulren tlp
converglng airf¡otr into the central a*is is enhanced and
spontaneouae rotationaJ, flou, is Btrong, it is believed tlrat
tlp diffueion angle of the Jet decreaaea and the potential
core length lncreaaes. Tlre core tength obtained throrEh the
above DeaBureEents is 6.5 tiDea as lât:ge as the nozzle
outlet dianeter.
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Fig.S. Centerline velocJty decay for tlre rlo.zle otr a O.3 ¡o
slJt vidth.

PRESSURE A¡{D YELOCITY DTSTRIBUTIONS II{SIDE TTIE NOZZLE

Figure 6 shows the Btatic preaauBe dietributionE on tlle
central a-is inside tlÞ nozzle. In tlp cases of O. I and 0.3
nn elit width, tle presaure i6 negative and decreaae8 in
val.r¡e as tlp slft width decreaaea. A6 a reault, tlre indrrced
air vo¡ure increases aE the BIit wtdth decreaaea. Tlre
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Fig.6. Static pr'esaune distributiona inafde the nozzle along
the central axis.
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Fig- 7- Air velocity distriÞutions inaide the nozzle in the
ca6e of a 0.3 ED 6¡it width.
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Fig.8. Air velocity diatributiona inside the nozzle in tl¡e
case of a o. I on slit \ridth.
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Fig.9. Air velocity dtstributions inaide th€ nozzle in the
case of a l. O uo slit width.
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preasur'e is niniDized at the centrat portion a¡ong the a;ris
of tÌle îozzle and slowly increaaes toward the ar¡ction side,
and relativly Êteeply increagea toward tlte blowoff aide.

Figure 7 showe the atete in which prfDary air aupp¡ied fron a
slit at a high speed (83.2 u/s) forns a Coanda ftory. An
indrrced flow through the Br¡ction apc!fture joins tlp Coanda
flow, artd the co¡biried flow tradually gro\ys to a epirally
converting flow, Coanda apiral flor, lravlng aaxl¡r¡¡ veloclty
at the centra.l axls of tlp nozz.le. The Ínside aurface of the
îozzle is thua protected by the clean pri¡ary air-florp froo
the air contaEineEts contalned Dainly'tn the indl¡ced airflow.

Figures I and I elrow tlre'velocity distributions tneide the
no"-zle in tlle caae orf a O. I un and a l. O ¡¡ slit wl<lth
respectively. ' mren uaing a O. I un slit the velocity in tlte
outer zone is alwaya higher than in the central zone. TìiB
fs the feature of a Coanda flow but not a Coanda spiral
f low. In the caae orf a l. O ED al,it width the priEâry air
does not attåch to the I¡o,¿,,Ie surface and for¡s a ¡(ind of
turbulent pipe flow

INDUCED AIR VOLUIE VS. PRIIARY AIR VOLUIE

Figure lO ahors the _reault of oeaeurtng the prilary air
volu¡e end rndr¡ced air volr¡le wlren clranging the sltt width.
The ratio of the lndrrc.ed eir volr¡æ to the pri¡ary alr volu¡e
was found to increaae aa tlre slit wtdth decrea8es. In the
caae of a O. I no slit wi<lth, a DaxiruD ratio orf ten-fold
reached, depending on tlp pr,esaure applied to the îozzle.
fhen tlp elit width is 0.3 !D, tlp ratio la ratntained at
approxirately 3-5 urder ar\y preaar¡re level. fhen tlre sllt
wfdth furtlpr lncreaaeB, the induced air volule decreaBes.
In tlle caae o'f a l. O EE slit width, tlre indrrced air volu¡e
approxirately equals tlle priEary air vo¡r¡æ.

VELOCITT DISTRIBUTIONS AT SUCÎION APERTURE

Figure ll 6hows tl¡e velocity distributione aror¡nd the
arrction opening when the slit width is 0.3 ¡¡. Although the
flov pattern is sintlar to a conoonly obaerved potential
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flow, the velocity aror¡nd the auction aperture increases by
â factor equivalent to tlle ratfo otr the indrrced air voluDe to
the priuary eir voluDe, and conaeqr¡entty tlp exl¡au6t capacity
is ioproved.

Whetler tlp free spiral flow prodrrc,ed in the nozzle
influencea the air fìour patterrr et the srrction apertuFe ia
not easy to confirE throuth this preliuinary experl¡ent.
Tlp foruation otr a rotational flon, at tlle auction sÍde by
supplyint a seak atr flou at a certain antle to the central
aris orf the nozz¡e was confir¡ed only qr¡aritattvery tlrrongh
flolv vigr!ârization u8ing B¡olße. Horrever, thls plrenoDenon !¡ay
be not tlre effect of the Coanda spira¡ nozzle itself, becauae
it ie also observed wlren a norla¡ suction apertr¡re is used
t31.

'To foru a stable rotating flow aror¡nd a auction aperture,
is neceseary not only to produce an additionat airflou'
serving aa a trigger for rotational ¡ove¡ent but alBo to
deteroine tlrc speclfic inftr¡ences orf the nozzle ahape, tlre
slit wfdth artd Reynolds nuDber.
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CONCLUSIONS

By using tlle Coanda spiral noz-zle a large aDount of air
containing lndoor contaEinants can be exhauated even thouth
only a aral¡ anor¡nt of priDary air ls Bupplied into the
noz.zle.

TÌte Coanda spiral nozzle preventa air contaulna¡rtE froo
attåchtng on the internal su¡-face becauae Doat afr
contaEiriânts are converged to the central axis and
tranaported along it.

It i6 not clearly confirued whetlpr a rotationa¡ flow is
for¡ed at tlle srrction aide of the nozzle, thowh it tg
confirned tllat a rotational f.los is tenereted at tlp blowoff
side.

The shape of th€ nozzle, the sllt width and the Reynolds
nr¡mber are con8ider.ed aa factors contributtng a stable
rotationâl flow. The author will condr¡ct further teats on
these factora in tlp future.
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