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A ROLLER -BRUSH SPRAYER (U)

by

G.A.Hill and F.L. McCal lum

ABSTRACT

A new type of l iquid sprayer called a roller-brush sprayer has

been constructed at the Defence Research Establishment Suffield. The device

operates by flicking liquid drops with polypropylene bristl es. The roller-

brush sprayer was tested with high viscosity oil and was found to produce

good liquid drops. Mass median diameters were determined for a range of

spray rates and it was found that the spray rate did not affect the drop

spectrum.
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DEFENCE RESEARCH ESTABLIS)*IENT SUFFIELD
RALSTON ALBERTA

SUFFIELD TECHNICAL NOTE NO. 382

A ROLLER-BRUSH SPRAYER (U)

by

• G.A. Hill and F.L. McCallum

INTRODUCT ION
Liquid sprays are generally formed by forcing liquid through

small orifices which causes the stream to break up from shear forces and
air resistence. This technique is not suitable for slurries , which tend
to plug small orifices, nor for highly viscous liquids , which cannot
be sprayed due to friction (pressure) losses.

A new technique has recently been studied by Tripp (1)
and Roth (2). Bristles were flicked through a layer of liquid ,
resulting in the formation and projection of liquid drops. The kinetic

energy of the fast moving bristles broke up the layer of liquid. By

combining many bristles together (forming a brush) and by providing a

continuous feed of liquid spray, a spray of liquid drops resulted . This

technique was found to be more suitable for slurries and high viscosity

fluids than the conventional technique. Thus it may be a potentially

more versatile method of spraying liquids.

The purpose of this work was to construct a field size roller-

brush sprayer and to test it wi th a viscous liquid.
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MATERIALS AND PROCEDURES

The roller-brush sprayer, constructed at DRES, is shown in
Figure 1. It consists of a metal housing containing two shafts. The

• lower shaft is knurl ed and is used for transporting a layer of liquid.

The upper shaft contains a spiral of bristl es.

The overall dimensions of the housing are 95 cm x 20 cm x

F 30 cm high. The lower, knurl ed shaft has a diameter of 8.8 cm and the
diameter of the upper, coiled bristl e brush is 16.5 cm (mounted on a
5.1 cmshaft). Both shafts are rotated by 1/4 HP electric motors as
shown in Figure 2. The motors are connected to the shafts by chains
and sprockets through two 26 RPM gear reducers. As constructed , the
lower roller can be rotated at both 13 and 26 RPM while the upper
brush can be rotated at 30, 61 and 123 RPM. The housing forms a trough
95 cm x 20 cm x 6.4 cm deep, capabl e of holding 7.2 litres of liquid
for spraying. The brush consists of 4.5 cm long , polypropyl ene bristl es
measuring 0.27 cm x 0.17 cm in cross-section. They are spirally wound

• and stretched out along the upper shaft to an average density of approx-
imately 41 for every centimetre of brush length.

SAE-50 oil (a Newtonian liquid) dyed with 1% Williams Red
was chosen to test the roller-brush s~rayer. It has a viscosity

of approximately 5 poise at room temperature. A determination of the
spread factor of this material on Printflex* cards was made by placing
drops of known sizes on these cards and measuring the resultant stain

diameters.

The output rates of the sprayer were determined by weighing

the liquid col lected in a specially constructed trough over a measured
time interval.

• The housing was filled with 5 litres of the dyed oil. Print-

flex ca~ds were positioned in front of the sprayer as shown in Figure 3.

• With the sprayer parameters fixed at known values , the power was turned

on and the spraying begun. When a suitable sample was observed o,. the

Prlntfl ex cards, the power was turned off.

*prlntfl ex is a white, glossy paper purchased from Andrew Paper Co.,
Washington, D.C.
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Data were taken from every card on each spray trial to deter-
mine a mass median diameter. Ten drops were randomly chosen from each
card. Some cards did not receive this many drops and so all the drops on

those cards were sized. The contamination density was determined for
spray trial number 2 by sizing drops in a measured area of one card from

each row.

After this analytical work was completed , the roller-brush
sprayer was qualitatively observed with water and with water and di-
ethyl phthalate thickened with a cellulose thickener. A small field

trial was then conducted by towing a military vehicle under the roller-

brush sprayer as it was spraying dyed oil.

RESULTS AND DISCUSSION
The operational characteristics of the roller-brush sprayer

with dyed SAE-50 oil are listed in Tabl e 1 and shown in Figure 4. For

conven ience, the term ‘relative brush speed ’ is plotted on the abscissa of
• Figure 4. The relative brush speed is simply the sum of the circumference

times the revolutions per second for both the brush and roller. The data

indicates that the liquid spray rate was increased by:
(i) increasing the bristle overlap ,
(ii) increasing the brush speed, and

(iii) increasing the roller speed.

It was found that increasing the roller speed had the greatest effect on

spray rate. This indicates that the rate of liquid being fed to the

bristles was the greatest limiting factor on output rate.

The spread of SAE-50 oil dyed with 1% William ’ s Red on Print-

flex cards was found to be log-normally distri buted according to the

equat ion:
log10 (Drop Mass) = 2.63465 log10 (Stain Diameter) - 7.58964

where : Drop mass is in micrograms
Stain diameter is in microns.
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The experimental stain sizes were measured after five days of spread-
ing. The oil continued to spread very slowly beyond five days. All
stains in the roller-brush experiment were sized from five to eight days
after spraying and the above equation was used to determine drop sizes.

It was observed that the bulk of the liquid was projected
only a short distance from the sprayer. The sampling cards were stationed
at the same height as the sprayer. The mass distribution for spray trial
number 2 is shown in Table 2 based on one second of spray. The bulk of
the liquid fell within the range of 76 cm with practically no liquid
falling at 127 cm. It was observed that the physical parameters of the
sprayer did not noticeably affect this distribution.

The mass median diameters of each spray were determined by
plotting the log cumulative number (from the l argest drop) versus the drop
diameter. This technique gave straight lines (as seen in Figures 5 to
10). Each li ne represents about 250 data points. Regress ion analyses
were performed on each line yielding the equations shown on the Figu res.
From the s lopes of these lines , the mass median diameters (MMDs ) were
evaluated according to:

MMD = 1.594/Slope
The resultant MMDs are listed in Table 3 as functions of spray rates. It
can be seen that no logical sequence occurred , leading to the conclusion
that our experimental techniques could not distinguish any effect of spray

rate on drop size. As a final step, all the data were used to calculate
an overall tIPID. The result is shown in Fiç~ure 11. From this analysis ,

the MMD of the roller-brush atomizer was found to be 1680 ii when spraying

SAE-50 oil at any rate.

Shewchuk and Maybank (3) have examined the effect of liquid

rheological properties on spray characteristics using water thickened
• with hydroxyethyl cellulose and the DRES Sprayer. They found that the

drop size was affected by viscosity , by the roller-brush parameters,

and by the spray rate. In qualitative experiments performed wi th

thickened liquids at ORES, it was observed that the sprayer cou ld not
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spray certain thickened liquids (e.g., DMHP or Dowanol DPM thi ckencd
with an acrylic thickener). This appeared to be due to the elastic

properties of these liquids.

The spray trial in the field demonstrated the feasibility of
using this unit to disseminate a non-elastic viscous liquid. The drops

collected on the target were sized and found to have a MMD of 910 ~ (see
Figure 12).

CONCLUSIONS

1. A roller—brush sprayer has been built and tested with a viscous
Newtonian liquid. It was observed to work wel l with this liquid.

2. The greatest factor affecting output rate was found to be the
rate of feed of liquid to the bristles.

3. The roller-brush parameters and spray rate did not affect the
drop spectrum for SAE-50 oil. The overall mass median diameter was found
to be 1680 microns .

4. Most of the liquid was sprayed wi thin one meter of the

sprayer (if sampled at the same height as the sprayer).

5. There is evidence that the sprayer may not be suitable for non-
Newtonian elastic liquids.
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TABLE 1

ROLLER-BRUSH SPRAY RATES

TR IAL BRISTLE OVERLAP* BRUSH SPEED ROLLER SPEED OUTPUT
NO. (nm ) (RPM) (RPM) (g/sec)

lA 3.2 30.0 12.8 2.4

lB 3.2 30.0 12.8 2.4

2 7.2 30.0 12.8 4.8

3 7.2 61.4 12.8 6.7

4 7.2 123 12.8 9.2

5 7.2 123 25.5 24.1

*Difference between length of bristles and distance between roller and
• shaft.

0
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TABLE 2

• CONTAMINATION DENSITIES FOR SPRAY TRIAL NO. 2

- DISTANCE IN FRONT CONTAMINATION DENSITY*
OF SPRAYER (cm) (~ig/m

2)

13 3.56

36 3.65

76 1.35

127 0.02

*Based on 1 second of spray .

It
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TABLE 3

EFFECT OF SPRAY RAT E ON MMD

TRIAL SPRAY RATE MASS MEDIAN DIAMETER
NO. (g/sec ) (microns)

1A 2.4 2580

lB 2.4 1840

2 4.8 1150

3 6.7 1500

• 4 9.2 1600

5 24.1 1890

UNCLASSIFIED



TI_________

UNCLASSIFIED STN 382

• .~~ .~~ •~~~~~~~~~~~~~ ~~
• . - 1 ‘Wt t~~’

~ ~~~• -.. • ~~~~~~~~~~~~~~~~~~~~~ ~
‘

• - •~f • I ~~~~~ . .WL~

t!~• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -. 
~~~~~~~~ A

•
~~ 

\
•
~~

~~~~~~~~~ ~~~ • .

I

%•_.~~•_ .. t •.•.
• • • .•

• Li
.‘~~~~

•... ‘
.

•
;•.• .

-J

—

UNCLASSIFIED



~~~T I I•T~~~~~~~ ~~~~~~~~~IIII ~ - 

-

~~~~~~~~~~~~~~~~~~~~

-—- -.. 

—-

UNCLASSIFIED SIN 382

• Bristles

• 
• Upper Shaft

c

. 

Drops

Knurled . • • •

Lower • 
. .•

.

Shaft
Feed(

Trough

~

FIGURE 2: SCHEMATIC OF ROLLER-BR USH

I,

: UNCLASSIFIED



~~~I~~~TII T~T IT ~~~~~~ _ _ _ _ _ _ _

UNCLASSIFIED STN 382

_ _ _ 
F

_H_ r i  H
H - _ _ _  _ _ _  _ _ _  _ _ _

• (I•)

______ >-
-J

C
• U,

‘Ca)

_ _  _ _  

:i~~~~

_ _  _ _HH H H
W3 9L W~~L~~L -

UNCLASSIFIED 1 
-- -~~~~~~~~ • ~~———• • —— • -- —



~~~~‘TT T~~~~~~ 
-

• UNCLASSIFIED SIN 382

I I
I t

I.-
v \  I C ~~

• 
~~~ \C ~~

CD 
~~~ l lIn

c~

I’,
a)• U s..I.- U C,

C
~~

•

• CD.— . >• InC
OJ a) C

• s_ ,—
U4.~

I.

(30s/6) ~nd;no



• -~~~~~~~ ~~. 
_ •~~~• i~~w~r~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

II
UNCLASSIFIED STN 382

100~
90 \ •80 .  \.
7 0 .  \~.
60 . FIGURE 5: TRIAL RUN NO. 1A

50 \.
\.

I.

40

30 • 
Best Line:

• y = -0.000617x +2.124

MMD = = 2580 ~
• 20

-J

‘
~~ 15
S..

• a,

•

L 
: 8 ~ 

•

I

•

0 500 1000 1500 2000 2500 3000
Drop Diameter (microns)

UNCLASSIFIED

— -- -—- ---—~~~~~~~ — - -— -a — — ——- _a____



UNCLASSIFIED SIN 382

100 • • •s
• 80

70 1 FIGURE 6: TRIAL RUN NO. lB
60

50
I
I

40 1
Best Line :
y = -0.000867x +2.347

30 MMD = ______ = 184O~

•1-~ •~n.
‘U I

S... I
‘5

15.
•1

5-a).~E
1O• I

a, I
> 9
4, I
‘5 8

2 I
0 500 1000 1500 2000 2500

Drop Diameter (microns )

UNCLASSIFIED



~~T~~T~~~~~iiI

UNCLASSIFIED SIN 382
100 I

90
I

• 80
70

60 FIGURE 7: TRIAL RUN NO. 2
II

50
I

• - 40
I

30 Best Line:
I y = -0.001388x +2. 524
I MMD = 

1.594 11501J• .001388

~~ 
I

10

I 

I

1 
5O0 iOoo 1~00 2060 2560

• Drop Diameter (microns)

UNCLASSIFIED

_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -

UNCLASSIFIED SIN 382
100. II.

H 90.
• 80•

70 I

60 I~ FIGURE 8: TRIAL RUN NO. 3
50-

I

40• I

I
S

• 30 I Best Line:
• y = -0.001060x +2.372

I
MMD = 

1.594 =
.001060

4) 20
U, I
a,
0)
S..
‘5
-j 15
E
0

I
I.
2

• E
.~~ 10
0) 9

I
4, 8
IS

E

6
I

5

4

I
I

I

2.

1.5

I
fr~ 1 •

o sbo 1000 1500 2000 25b0

• Drop DIameter (microns ) -•

UNCLASSIFIED



T TT1TI11T~~~~~~~~ —

~~~~~~~~~~~~~ _ __:_ .~~~~~

UNCLASSIFIED SIN 382100
90
80.

70

60 I
FIGURE 9: TRIAL RUN NO. 4

-
• 50~

5
40.

Best Line :
30. y = -O.000996x +2.206

MMD = 
.000996 

= 1600 p

20.
U, I5)
S..
‘S—) 1 5 -

2
E

0) 9
>

8. I
I

7 .

6~

5 .

4 .

3 .
S

r I

p .  2. I

I

1.5
I

1 I
0 500 1000 1500 2000 2500

Drop Diameter (microns )

UNCLASSIFIED

L J ~~ - - •~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ • •  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



UNCLASSIFIED SIN 382
100 . s

~
90 -
80 \ I

‘ I70. \

\ I•60. \
\ I

50. \ ~ FIGURE 10: TRIAL RUN NO. 5

40 \
\I

\s• \ Rest Line:
\I y = -O.000844x +2.132

MMD = ______ = 1890 ~J

~~~~~~~~~~~~~~~~~~~~~~5

1

.

0 500 1000 1500 2000 2500
Drop Diameter (microns)

UNCLASSIFIED

_ _ _ _  
_ _



— .——--, 
~~~~~~

“ —-- ‘ ‘r —~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- -~~~~~~~- - - - - _ _ _  ~~~~-• - --

UNCLASSIFIED STN 382
100

80
70. \

\ I
60- \ •
50. \

\.• 40. \I

30. FIGURE 11 : COMBINED TRIAL RUN DATA

\.
• \S

\ I
15 ,

\ Best Line:
y = 0.000951 x +2.244

10 ‘\ MMD = 
1.594 

= 1 68Op
9. \ .000951

7 \
6.

5)
C,
S.. 5
IS

— £1.C
0
S..
4-

• 1. 3~ 
I

2
E

I
4)

.~ 11
5

~ 1.0.
.9-

• ,  S
-? .7 .
: 1  ~

‘ .6

I
! .5.

3.

• . 2

1.5.
I

.1. I
0 500 1 000 l 5bO 2000 2500 3000 3500

Drop Diameter (microns)
UNCLASSIFIED

- - • -

~

—

~

- .-•---.•- • •~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~



‘T T ~~~ E T T ’ T T ’
~~~~~~

’ T I~~~~i~~~

100 
UNCLASSIFIED STN 382

40. FIGURE 12: FIELD TRIAL DATA

30.

20

15 
Best Line:
y = -0.00175x +2.431

MMD = 
1 .594 

= 91O~10 .00175
9.
8

4) 7 I
I

5

5

•

•

.2.

.15 

I

.1 I I I I
0 500 1000 1500 2000 2500

Drop Diameter (microns)

UNCLASSIFIED



— ~ - — w- -.— _ _ _ _

UNCLAS SIFIEI1
$es~.rISy C~ seWS~~tS..

DOCUMENT CONTRO L DATA — R & 0
I$SCWI%y cio*~I.t.*iOn of tills . bedv of ibitr ct and Indesing annotation must be entered whin tbe ow.rsII doaam.nt ès cI.usaf..d I

I. ORIGINATING ACTIVITY 2.. DOCUMENT SECURITY CLASSiFICATION

- UNCLASSIFIED
2b. GROUP

DEFENCE RESEARCH ESTABLISHMENT SUFFIELD ‘

I DOCUMENT TITLE

A ROLLER-BRUSH SPRAYER (U) -

4 . DESCRIPTIVE NOTES (Type of report end IncIus(v deli.)
TECHNICAL NOTE

S AUTHOR(SI (Lees name. f irst name. middle Initial)

Hill , G.A and McCallum F.L. ________________________________________
S DOCUMENT DATE 7.. TOTAL. NO. OF PAGES 7b. NO. OF REFS

MARCH 1977 20 3
~~~ . P~OJ(CT OR GRANT NO. 9.. ORIGINATOR S DOCUMENT NUMBERIS)

PROJECT NO. 20-03-06
— 

SUEFIELD TECHNICAL NOTE NO. 382 —
~~~~. CONTRACT NO. Sb. OTHER DOCUMENT NO.(S) (Any other numbers that may be

sisigned this document)

IS OIITRISUTION STATEMENT ~
“Qualified requesters may obtain copies of this ~ j~~-c~-3d. f~~Ip&C~l~C ~~~~~~~~~~~~~

documen t from their defence documentation center .”
11. SUP L.IMENTARY NOTES 

- 

12. SPONSORING ACTIVITY

13. ABSTRACT 
~

A new type of liquid sprayer called a roller-brush sprayer has been
constructed at the Defence Research Establishment Suffield. The device operates

by flicking liquid drops wi th polypropylene bristles . The roller-brush sprayer

was tested with high viscosity oil and was found to produce good liquid drops.

Mass median diameters were determined for a range of spray rates and it was

found that the spray rate did not affect the drop spectrum .

(U)

-



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _

UNCLASS I Fl ED
9.cUeN5, Clault Icaile.

CIV WORDS

Roller-brush sprayer

• Spray device

INSTRUCTIONS

I . ORIGINATING ACTIVITY Enter the name and address of the Sb. OTHER DOCUMENT NUMBER(S): If the document h*s been
Iilgisn ilat inn IUIJInW She document. assigned any other document numbers (eith er by the or iginator

or by the sponsor), also enter this number(s).
2a. DOCUMENT SECURITY CLASSIFICATION: Enter the overall

secu rity cIass ,f ,c.tion of the document includ ing specIal wsrning 10. DISTRIBUTION STATEMENT: Enter any limitations on
terms whenever applicabl e, furth er dissemination of the document , oth er than those impos.d

by security cl assific ation , using standar d state ments such as:
2b GROUP Enter sec urity reclassification group number. The three

groups iou defined in Appendix ‘Mof  th e DRB Security Regulations. (1) ‘Qualified requester s may obtain copies of this
document from their defence documentation center. ”

3. DOCUMENT TITL E- Enter the complete document title in all
i apital letter s . Title, in all cases should be uncla ss ified. if a (2) “Announcement and dis semination of this document
suf ficiently desc iipti ve title cannot be selected without classif i- is not authorized without prior approve S from
cation , show t i t l e classification w ith the usual onecapital- letter originating act ivity. ”
.sbbi ev iat iu n in parentheses immediately following the title.

11. SUPPLEMENTARY NOTES. (i.e for additional explanatory
4 0i:SCRIPTIV E NOTES- Enter the category of document , e.g. note..

- • larhis ical report , technical note or technical litter. If appropri’
at. ’ . enter the type of documen t . e.g. interim , prog ress, 12. SPONSORING ACTIVITY: Enter the name of the department al
s um m er y.  innual or f inal . Give the Inclusive date. whsn a project office or laboratory sponsoring the research end
~psicif ic r eporting period is covered . develo pment. Include address.

• 5. AUT HOR(S): Ente, the name(s) of author (s ) as shown on or 13. ABSTRACT: Enter an abstrac t giving e br ief and factu al
in the document. Enter last name, f I rs t name, middl e Initi al, summ ary of the document , even though it may also appear
If milita ry, show rank. The name of the principal author Is en elsewhere in the body of the document itself It is highly
absolute minimum requirement, desirable that the sb.trect of clees if led documents be unc ii.sa

fl ed. Each psragruph of the abstrac t shell end with an
• 6. DOCUMENT DATE.  Enter the date (month , y.er) of indication of the securit y classification of the information

Esiehti.hm.nt approvsl for publicat ion of the document , in the paragraph (unless the document itself is unclassified )
represented as ITS) . IS) . (C) , (A ) , or (U).

?i. TOT4 L 1~UMBER OF PAGES- The total page Count should
fo llow no,m.l pagi’sefioil procedure., i.e. , enter the number Th. length of the abstrac t should be limited to 20 ,ingt.specad
ol pages i:iinlaini isg info rmation , stand ard type wr itt en lines ; 7½ inches long.

lb. NUMgER OF REl’ER(NCES: Enter the tosel number of 14. KEY WORDS: Key word, are technically meaningful ter ms or
iefevenm ii. i - i iutl in ihe dui:iiment. shor t phrase. that cha rac terize a document end could he hef pfu l

in cataloging the document . Kay words should tie selac teil so - -
di, PltO.lkc I 014 GRANT NUMBER. II appropriate, enter the that no secu rity clas s ification ii required . Identi l ieri . such as , -

~
.sppiicabsi, imisejic h eiiif ilevelopnse nl prou d or grant number equipment modal designetion . trails miam i,. m il i la ry pro leci rude
iindie which the dni’iiment we, written , name , geographic location , may he us ed ci key wo ofs but will

he followed by an indication of techni cal co mil emi t.
~b. CONTRACT NUMBER II ilpp r opria te , enter the applicable

iimiintiir undei which the document was written. 4)

Ile. ORIGINATOR’S DOCUMENT NUMBER(S) Enter the
official doc ,iinenl num b., by which the documen t will be
itt inl i fiiid end controll ed Isy the originating act ivit y. This

~~~~~~~ i,,. inber must be unispie to this document.

- .  ~ . —-fl. --— • --—-- .— - -  .-- ~~~-


