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INTRODUCTION

The behavior of pesticide sprays is
largely determined by droplet size. How-
ever, all commercially available spraying
equipment produces droplets in a wide
range of sizes and the presence of large
numbers of small droplets in the spray
can cause serious problems due to pesti-
cides drifting out of the target area (1,2).
One obvious solution to this problem
would be to develop equipment that
would produce homogeneous sprays of
chosen drop sizes. Sprays of very uniform
droplets can be produced by winnowed
spinning discs (5, 9). Such devices are
extremely useful for research purposes in
the laboratory or field but their low flow
rates, complexity, and cost make it seem
unlikely that they will come into com-
mercial use.

A number of other devices such as the
Vibrajet (4), the Microfoil (3), and the
vibrating boom (7), reduce drift by pro-
ducing coarse sprays with reduced num-
bers of small droplets. Unfortunately,
when large drops are used one must either
increase the spray volume or accept re-
duced coverage.

A simpler solution to the drift prob-
lem would be to remove the small-drop
component from the sprays produced by
the ordinary hydraulic nozzles. Roth and
Porterfield (8) reported results of prelimi-
nary tests in which a counter flow of air
was used to remove small drops from the
spray produced by a fan-jet nozzle. Simi-
lar experiments were carried out by Wiens
and Bigsby (10). In both of these in-
stances the movement of the air was
directly opposed to the direction of
movement of the spray droplets. Using a
TeeJet 650067 nozzle at 35 psi (2.5
kg/cm?), Wiens and Bigsby reported that
the number of droplets below 100 um
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were reduced from 20.5 to 7.5% by
winnowing.

It was felt that the small drops might
be removed more effectively if the win-
nowing airstream were at right angles to
the fan of spray produced by the hydrau-
lic nozzle. In such a system, an air curtain
would be produced that could be pene-
trated by the more energetic large drop-
lets but that would deflect the small
droplets into a trap. The present paper
reports the performance of such a system.

MATERIALS AND METHODS

The air curtain used in these tests was
generated by a 0.234 X 15-cm slit cut in
the side of a 5-cm tube maintained at an
internal pressure of S cm of mercury. A
trap consisting of a 25-cm? duct with a
7.5-cm inlet in one side (Figure 1) was
located 10 cm from the slit. The lower lip
of the trap inlet was tipped up to prevent
drips forming and to ensure that all the
spray collected ran into the trap. The
nozzle to be tested was mounted 15 cm
above the air curtain with the spray fan
parallel to the trap inlet.

A 2% w/v aqueous solution of Uranine
(sodium fluorescein) was supplied to the
nozzle at a pressure of 2 kg/cm? from a
pressurized reservoir. The spray was
turned on and off by a fast-acting valve
incorporated in the nozzle body. A pan
under the assembly caught the spray so
that it could be returned to the reservoir
at the conclusion of each test.

Preliminary tests suggested that win-
nowing efficiency was improved if the air
curtain was inclined upwards. With the
equipment in use, problems were en-
countered if the inclination, 8 (Figure 1)
exceeded approximately 15° so this value
was used for all succeeding tests.

The percentage of spray deflected into
the trap at any given airflow could be
varied by adjusting the horizontal separa-
tion between the axis of the spray fan
and the lower lip of the trap. Tests
showed that apparent elimination of the
fine drops was accomplished when 7% of
the nozzle output was deflected into the
trap with little improvement as the cap-
ture rate was increased. Decrease in cap-
ture rate below this figure, however,
resulted in the escape of considerable
numbers of small drops. To leave some
margin of safety, it was decided to
conduct all subsequent tests with a cap-
ture rate of 10% of the nozzle output.
The actual volume of liquid being caught
was determined by cutting a drain hole in
the bottom of the trap and measuring the
flow from it after equilibrium had been
reached.

The spray droplets were caught on a
thin card (Mead Paper Co., Mark I Cover,
6 pt.) coated with a thin layer of gelatin.
The relationship between drop diam and
stain size for this combination of liquid
and collecting surface was estimated by
using a spinning disc (5) to produce
homogeneous sprays in a wide range of
sizes and comparing the diam of the
stains produced with the equivalent drop-
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Figure 1. General layout of the winnowing arrangement used for laboratory studies.

CANADIAN AGRICULTURAL ENGINEERING, VOL. 15, NO. 1, JUNE 1973



Y4

81-€T (€T
*8uy 13y ‘ue) ‘ureyyed Aexds e woiy sdorp
[lews SulAOWAI JO SUBAW € SB JUImMOU

UIM “TL6T "Aqs3ig "M’ pue "H'J ‘Susipy 0T

'899-¥99 ()€1 Sug

13y 00§ “Idwy ‘suel] ‘a3eroj uo0j100

uo paysodap syajdorp Jo Ajsuap pue azis

3y} JO uoneUIWIdAP Y} pue Iojeredas

jordop ‘osip Sutuuids e Jo udisaq ‘0L61
‘wusg ‘D°d pue ung DI “9d'd ‘Ynws 6

‘P8L ‘18-6LL ((9)€1 "uqg 1By

*00g "IoWY ‘suer] ‘JoIjuod azis doip Aeidg
‘0L6T ‘PIRYIdMIOd "OH'f pue ‘Q"1 ‘Yoy g

"9-€ :(1)0T urreq

umo(J ‘[0I}U0D JJUIp I0] IdAeids wooq Sun
-eIQIA € JO UOHBN[RAY "$96T VD ‘TowIdy °/

‘10S-00S Ty "1sul 'S °f

‘poyjaw 9prxo wnisaugew Y3 Aq sysjdoIp
duIoqgIie JO JUAWAINSBIN ‘0S6T AN ‘AW 9

TT-61 (DeT

‘Bug 18y ‘ue) ‘sAerds snosusfowoy jo

uononpoid ay) 10§ osip Suruuids papnorys
V "TIL6T "US[D 'S'D pue ‘'Y ‘Ae[UIoN ¢

*Z ‘ON ‘ISouop

ouno) -joig ‘dor) -yag -syaf Suneiqia
woxy uonewrIoy AexdS ‘0L6T "M ‘9T ‘v

‘Juo)

[o1uo) paspm “d'N pigg "001q ‘A1ds [euon

-U9AUOD WOIJ IJUIP SUI[JOIIUOD IOJ JIAP

[elroe ue — [iojororwr YL ‘6961 "doysig
‘M’'d pue wnIiplem [ “Hf ‘Yorry ¢

‘TYT-67T b say Buqg ‘13

*[ "3JUIP JO 0ULLINOO0 Y ‘[] “WuIp Aeids
uo suonesnsoAu] ‘q6S61 ‘[ ‘9dyYSIN0) ‘g

‘TSI-py1 b say “Suq '18y ‘r ‘skexds jo

jusuodwod doIp [rews 3y ‘1 ‘}Jup Aeids
uo suonednsoAu] ‘v6SeT 'Y ‘Pdysino) [

STONTITITA

‘Ioquinu Aq Judd1ad § 10 § 03 09 WoIy
suomtw Q[ mofaq sdoip jo sofejuaosrad
9y} sonpar pinom juswoduerre dery pue
urelanod Ie 9[qe}InS B JBY) punoj sem 3j

‘SUOIOTW ()0 ] MO[aq
s391doIp [[B 9AOWAI InQ SI[ZZOU OINBIPAY
JO 9sn 9y} snunuod 0} 3q p[nom poyjlsuw
Io[dwis y ‘asn wirej 10j X9[duIOd pue 9AIS
-uadxs 003 9q A1qeqoid pinom juswrdinbs
AIeSS909U 9Y) Inq paonpoid aq ued SIZIS
doip psonyuod ur sAeids snosusfowoy
‘BaIe }a31e} 9y} jo Ino 3Jjup o} ide o

€L6T ANNS ‘T "ON ‘ST "TOA ‘ONIMAANIONA TVINLINDIYOV NVIAVNVD

jey) suorotw OO MO[oq Auew Jurpnoul
$9Z1s JO 98uel apIm e ur s3d[doip seonpord
d1zzou Aeids onneipAy Areurpio 9yl

AIVINNS

‘UOTIONIISUOD ISPUN ST [OIJUOD
Jup jo poyjow sy} Surziin 1oAeids
pIoty ' ‘own jussaxd ay) 3y ‘suorjerado
proty ut yup jo[doIp djeutwIre A[[eniiia
03 91qrssod aq prnoys 31 ‘yoseoidde siy) Jur

‘SurmouuIm InoyIm pue

UM 9fzzou [900S9 39331 2y} 10§
suonnqinsip Aouanbary ozis-joidorq g a1nSig

(SNO¥OIW) M3L3NVIO 137d0Y¥a

00% 00€ 002 001 0

il

AON3INO3IN¥S

‘Surmouurm noym
pue YlIm 9[ZZOUu [(S9 19[33], Y} 10}
suonnqunsip Aouanbory ozis-yoidorq g anSig
(SNOY¥JIWN) ¥3L3NVIQ L131d0ONa

00 00€ 002 ool (]
T T

J—

AJNINOINI

86 181 S'LE vve 4 SC %Y 6°LT 0’9 ) pamouury
STt (A 9°6C 69¢ 6°C [ T 8°'S '8¢ 0°€9  pamouuimun
L900S9
STt 89T 8ve 8°9C ! 9°¢ 0ot 0t 0’19 9°S pamouuipg
6 6°¢l 99T £ee 12 (4 9’1 8V vee 089  pamouurmup
1099
(237 1334 6¢ §8¢ 871 €y 1334 z6¢ §8¢ 8Tl
1370 - - - Lopun  I19AQ - - - 19pun
(433 $8¢ 87I [43% $8¢ 8¢CI
(un 98uer azis) (um a8uer azs)
awn[oA £q JuddIdg Isquinu AQ JuddIdd
ONI
"MONNIM LOOHLIM ANV HLIM £900S9 ANV 1059 LAfdAL 40 VILIAdS dOUA I 3T4VL

-mo[[0J Aq ‘jey) 1s933ns S)NSaI 9SAYL

"%S$°6 PUB 9°G 03 []9] sa3e)u
-139d 959Y) ‘pasn Sem UIBSI)SITE SUIMOUUIM
9y} UayM -'se[zzou .900S9 PUE [0S9
Y} 10J ‘A[A11oadsar ‘%€9 pue g9 dIam
wrn 871 MoO[eq ‘Idqunu Aq ‘syerdorp jo
so8ejuaorad 9YJ ‘SUOIIPUOD PIalJ Jopun
3J1Ip 03 suold AI19A 9q pinom jey} syadoip
[lewrs jo sisquinu 931e] AISA paurIejuod
QUO[B S9[ZZOU OINBIPAY 9Y} Aq padsnp
-01d eI1)53ds 3a1doIp Y], ‘Surmouuim ym
wn Z[Z pue Qg O} 901 pue Suimouurm
noyNMm ‘A[oA1joadsar ‘win 06 pue (g 2I9m
$9[zZou £/ 900S9 PUB [0QS9 dY) I0] SIdjouI
-BIp UBIpOW IdqWnU dYJ ‘pased[al Sem
12y} Aeids oy} jo winioads joidoIrp oy
U0 309JJ0 payIew AIoA & pey Aeids oy} jo
uornjrodoid [fewrs A[9AIIB[aI SIY} JO [BAOUX
-oI ayJ, ‘me Suimouurm 9yj} Aq sjordoip
oury se del) ayj ojuUl paLIBd 9q pINOM
‘awnjoa Aq ‘Aexds ayj jo %Q[ Ieyl os
Io11s pue [ew) AQ dn 39S U99q peEY 2A0QE
paquosap suonipuod Junerado syx

*(eale papeys) urmouuim
Aq pasowsr ‘raquinu £q ‘sdoip Iaurj jo
uonrodoid sy3 sjersuowrap o3 aqrssod st
1 ‘Aem SIY) U] “wInIoads pamouuImun ay}
JO aAmd 9y} jo uoryrod swes ay} 31y ‘Sur
-mouuim Aq pajoddyjeun ‘er}oads azis-doip
9y} jo spua doj ayj 1By} OS PI[BOS UIdq
9ABRY S9AIND 9SAYJ, °A[9AI30adsar ‘¢ pue
7 saIn3iq4 ur umoys aIe ‘Surmouurm jno
U3 pue ym ‘290059 Pue [0S9 19[a9]
Y} I0J SaAINd uonNnquysip ozrs-jojdoIp
pajsnipe pue ‘] 3[qe] Ul UMOYS 3I SI[Z
-ZOU 19f99] 9Y) I0oj eIjoads doip oyl

NOISSNISIA ANV SLTNSTA

*9091daks
Surieays-agewr ue yyum pajyy adoosoromu
B UJIM OpBW SI0M JZIS UTB]S JO SJUSUIdIM
-seaul [y 'sja[dolip painseaw QQS JO [8}0}
B UO Paseq YoeBd dI9M ¢ pue g samSij ur
UMOUS SIAIND Y] SNYL ‘PIIBNUINIIE UIIq
PeY QO JO [B1O] B [IJUN paINSeaW 9IoMm
Ioded Surydwes ay) SursioABI} S[IYM paId)
-unodus s3o[doIp [[e UOISEI20 YJed uQ
'SUOISEI20 djeredas 9AT] UO UIMOUUIM INO
-JIIM pUEB YIIm Pa)sa) Yoed a1am /90059
pue [0S9 SI9f99] ‘S9[zzZOoU  OM],

*9[ZZ0U 9y} MO[aq
wo G jutod e je Jurey sem Aeids yorym
ojur Bale AINUD JY) ySnoIlyl puey Aq po
-SI9ARI) Sem xoq Surjdwes dYJ, ‘SUOIIPUOD
Ite [[us A[aanje[ar 1apun raded Surjosqod
9Y31 UO INno JudwWIpas o3 s3ordoIp [[ews oy}
MO[[e O] pue pa3o90o Aeids jo junoure
3y} jrwr 03 apis 1addn oy ur s Wo-g°¢
X 60 ' UM wd ¢°/ X 001 X S'TI x0q
e ur paoe[d a1rom sioded Suridwes ayf

'(9) soyerd
9pIXO Wnisaueuw UO paINSeIUW Se WeRIp 9]



