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ABSTRACT:

In tnis paper, an experimental study oL tne
cinaracteristics of swirl spray nozzles nas been
made on a testinyg model 40U times as big as tne prac-
tical nozzle. 'ne tested model was constructea to
represent the spiral passayes, sSwirl cuawer ana
exit orifice, with facilities to study tue erreccs
of swirl caamber neijgut and hosuzie size, in adait-

101} tu Elow paraneters, vl spray ciaracteristics.

wmpirical tormula were obtallied yleldlly yood

confomity vetween taea ahd tile experimental resulits.

INTRURUCTIONS

Sprayinyg has many important applications eitner in ayric—
ulture, such as irrigation and pest control, or 1naustry such

as atomigation, gainting and cleanlny oL equipiients.

Ine swirl spray nozzle 1s coasidered tue wmost coummon type
of nvezles due to its simplicity. Some thneoretical and experx-
iumental investigations concernint tnis nozzle were carried out,
put controversy exists petween tne obtained results especlially
those yiving tne droplets size whicn 1S considered cue or tne
Most importaut cnaracteristics of nozzle. Besldes, no intent-
ion was given to thne flow ihside tne swirl cnamper altnouyn it

18 tue key of tne resultea spray.
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In tnis paper, the velocity and pressure distrioutions
were measured inside thne swirl cuauwoer and tne efrects ©r rLilow
and yeometrical parameters are investiyated. &mplrical rormula
were obtalilned using the expeflmental opservations in order to

yive tine optimum design conditions for tnis type oL nozzie.

BAPSKIMBNIAL SEL UP:

Tne experimental set up counsists of closed aydraullc Cir-

cult, apparatus and measuring devices.

i. 'ue nydraulic circuit consistis of a supply tank, punp, Coli~

trol valve, and pipe line ending witi a common supply manifold.

Z. ‘e apparatus, shown. in Fiy. (i) 1s a model twenty times as
DLy as the original nozzles usually used i1n tyypt to facilitate
the experimental readinys.

‘'ne apparatus consists of cylinder, cylindrical block,swirl
cnampexr and discharge nozzles, these nozzles have tane saune outer
diameter and length, but witn different inner diameter. '

EAPERIMENTAL RESULLS:

Pressure wistribution in swirl Chamoers

fig. (2) to ﬁig. {5) snow tne dimensionless pressure dis-
tribution in swirl chamber rfrom tuese figures, it can be seeu
tuat tue pressure inside tne swirl cnamoer is nearly coustant.
For larger nozzle diameters a slight drop accuxs in pressure
Keeping the trend of pressure distribution for free vortex flow
fiela. “Duis drop is due to the expected increase in flow rate

and hence in vortex streugtin.

Velocity Wistrioution »Across tue sSwirl Chawbers

Ffig. (o) to Fig. (9) snow tne velocity profiles for dirfer-
ent nozzles and supply pressure at test radil of 3o mam. and o nm.
Yne proriles at the outer radius are not uniform. Tnis can oe

attributed to tne distripution in tnls area whicn is very close

Lo the inlet ports. It can de seen tnat the maximam velocity at
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certain radius increases Dby increasilly tne nozzle diameter and
or supply pressure. ‘ne velocity is also inversely proporticnal
to tne radius as tne case of free vortex rlow.

rlow rate:

From fiy. (40) it can be seen that tne increase 1n supply

pressure leads to a correspondiny lucrease in Liow rate.

Fig. (11) snows tnat tne decrease of tne ratio L/d (wnere L
1s tne lengtn of nozzle discnarye and d 1s tne diameter of tae

nozzle) leads to increase in flow rate.

From thne results it can e stated tnat, the flow rate 1s arf-
ected py tie ratio L/d more tnan tne supply pressure. an empirical
formula wnich gives the discnarge as a function or the supply pre-
ssure and hozzle size can pe obtained froit the experimental data

in tue Lorms-—

9= ;&35(Ps)°’° (A/d)-l‘a Cmé/sec.~
wiere tne supply pressure P, is an Ag/cm‘r
spray angie:

From riy. (le) it can be stated tnat, the increase in press-
ure leads to a corresponding increase in tne spray angle up to
a pressure of l.< hg/cm‘, and arter tihis pressure tne spray angle

is nearly constant.

fi1y. (13) snows tuat tne spray anyle decrease witi tue increase

of tne ratio L/d.

from results it could be noticed tnat tne spray anyle is atif-
ected by the ratio L/d more than tne supply pressure. an emplric-
al formula wnicn gives the spray angle as a function or tne sipply
pressure and nozzle size can be obtainea from the experimental data
in tne form: '

= 77 (P)o.léS (L/a)-o‘.sz
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’ne Lroplet size:

Ine metnod to determine tne droplet slzes 1is Dy receiviliy
them in an oil batn. o yood sample snould consist ol apout <uv
drops collected from random places. Counting and determination

18 done e using an overnead projector.

Classification of size is made accuirding to a yeometrical

sexies. . .

Figy. (i4) snows a typical discrioution of drops in a sample.
Ine camulative curve Fiy. (15) is used to determine tne media

diameters wnich represent 50s of- tne size of drops.

From the results, 1t can De,noticed, for. all nozzles, taat,
tne wedian aroplet diameter decreases by increasing tane supply

pressure and ilcrease by increasily. the nozzle diameter.

An empirical formula whicn yaves tne median droplet diam-
eter as a function of tne supply pressure and nozzle size can pe

obtained froin the experimental data in the form:
Mop = .56 ()Y 43 (L7a)Y#? Cme

Swirl Cnamber nelynt:

Pne swirl chanber was changed from W —— & Cii  without
any cpange in nozzle characteristics.

Comparison between tne experimental results and tiie obtained

.. ) 7 . . . N L
empirical formula is snown in Fig. (ie) to Flg. (is).
CONCLUSIONS :

From tne discussion of tne experimental results, tne followiny
conclusions can be stated: : ' )

l. The following discharge from the swirl spray nozzles increases
by increasing tne supply pressure and, or decreasing the nozx=-
le lengtn to diameter ratio (L/d) according to tie empirical
formula. A

W = 1235 (Ps)o.a (L/d)"ke? cmd/sec.
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<. ''he dimensionless pressure (P/Ps) inside tine swirl cnanoer
can e assumed constant away from the exit re iocn. v
decreases by increasing tne supply pressure aund, Or uecredas—

iny tne nozzle ratio (iL/d).
3. The flow 1nside the swirl cunamber is free vortex.

4. ‘he spray angle of flow at nozzle exit increases oy iucreas-—
inyg tne supply pressure up to certalin value of 1.4 ng/cm‘.
‘e increase of tne supply pressure taan, tnis value nas

a very small effect on the spray anyle.
e spray angle decreases also by increasinyg tne ratio L/d
and - can be obtained using the empirical formula

U.135

=77 »p (L/d) "9 24,

5. '‘ne median diameter of sprayeu4droplets decreases Dy increas-
inyg the supply pressure and, or decreasily tie rativ (L/d)
according to the eaplrical forwula.

-U.25 V.47

(L/a)™"

Mo = y.056 P Cine

o. The swirl chamber neight has a neglegible effect on the dis~
cnatge. spray anyle and median dianeter of sprayed droplets.
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