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2. EXperimental

The impinging-jet type nozzles used hav~been described in detail elsewhere
,(1) and.::a',.typioal nozzle is sho* ~. J?1ate" 1. The nozzle for oach spray .examine~
was mounbed with its axis vertical 10'0" above the floor of tho labora~or.r.) Th~
pressure at the nozzle was adjusted to ·give t~e required water now rate q.•

• I

The sprays were sampled in .the following manner~?).

A'i~Small·lf.la:t)idish.containillgcasto~ o~l w~s exposed to .8. section ,of·"the spray
in a plane:.·about';!~-6 'in.. above ·tl\e floor.,' T~ ..~Ush was -,:uount~d. ,on.8. trolley and
pulled under'S::.slot ~ in "the:lid of ·.the box, containing ',the :apparatus' (Plate 2).,
Sampl:es:were.· taken '; vertical-ly: ,below ,.the:,:n()zzle. (~ate 3) and at points 'up to 2' f.t.
from the central axis. The exposure time and number of samples taken were . ~-,

adjusted so that the castor oil was not overcrowded with drops, between' 2000 8I1cf
4-000 drops being colleoted trom, each 'Fay•. A contact photograph (Plate 4-) was
t8Jcen of each sample. . .: . ,. ": :.. .

An e~arged ~ag-e ~f 'tlie Deg~~~v~r~. ~ojected on "to a wreCij~: which was
divided into squares' to facilitate the:sizing and cOunting of, the drops.The magni­
fi!ild drop.-(x15 ) were me'amad' by means of a .~emplate cut with holes of diameter
ranging !'rom 1.5 mm, to 15.5 mm' in stepa of 1 rom. Those drops which had magnified
diametera greater' than 15.5 DlID"feTe measured individually. '

A preliminary analysis of the drop8i.'ze distribution showed that it varied
across the spray, and, it Was therefore neoessary, in the caloulation of the mass­
median drop size of the whole spraY, to Weight the measurements taken at each'
sampling point according. to the mass distribution of. the water. This was measured
by setting out metal. cans, 7" in diameter, over the samp~~g area (Plate 5) and
exposing them to the spray. ' . .

30 Results , .

. '"

Mass m,edian drop size -, Dm,1 , ,. .'.. .-

~ 80 :;~22S:
,

SOORate 0 .5.i. - "

flow Sl:.p.m. ". .. .. .. • -, _ ...·~._l·':".~.:'·,~ .---0 •., ~.' ." . ... ~ " ' . ,, ..

-: " , .5 :~ ., ..0.55 -'; :.>(j.'3,9. "
, ,: -,0.-32.::.... ,.

15 .. 6.85;"- ... 0:·62 :. \' 0.61:0
• .-

"

25 , 0.54' p.59 o.94-
r :'~'

The maas median drop size :has been': determined for nine sprays and the results,
which have been weighted in acC?ordanoe ~th t~ water dis:trlbution, are giva in
Table 1. ... .' . .,' . ", -' . u u.'

Tab~~ :L.!_.. ~ -; ..• :.. .:. ;-.'
Wei,Q;hted drop diameters



A sraph of mass median drop size against pressure was plotted tor the three
rates', of .flow and is shom in Fig;' 6.' '",

Several empirical laws (3) ~V8 been,'deriveQ lYhioh express the distribu'\iCm
of drop.diameters within sprays. :Other workers (4) have shown ,that ·the
distf:i}.mtion for single pair~ ofimpiAgiJ1.g jets .egrees with the Roser-R~ler

law ~5). The work described· in thi~ report 'also shows"general agreement !dth
this law. A oonvenient form of the .law is - .

R :::

where R::: traotion by weight of the total" spray composed of drops greater in
. diameter than x ,

x on logarithmic' ..scales'

8.::: "absolute spray coefficient" which is equal to the' value- rrr-'x ~ar

which the traction R oVersize is 0.368.

n::: homogeneity coefficient.

; A, tYPiCal're~t obtained" bY'Pl~~t~~ Ipg IIR against
, is shown 'in Fig. 7. ' . ' ,:.

~ ...,~ '.

40 Discussion

:,,:-:'::./. The' results obtained showthat'1;he spray.s used give quite..a wide variation
fit· mas's me.dian drop' size 'whiCh ranges fran 0.32 to ·0.94•. These results were

. . a.ffectedc·onsiderably by using the' weightIng factors previously desoribed•
. ~: :Table 2 shows the weighted and unweighted results for three nozzles at a pressure

. of 500'15. s.i. ' . ' ' ..
.: :l":: • . ..

.
, Mass 'uiedian dr-op size"1Dlll .,

Rate of flow , ..

Un~ighted. ~. Weighted
,

';

t,,; results results
- -

5 0.34 .'. .. - 0.j2 ....
\... "." l'.1

..
15 ."0.75 0.61

..
. .

25 7-.58 01194 .,

• • to··

Table 2

C?!pari son Qf weighted an~ ,unweiS,h;ted drop diameter s

I~

Table 3 shows the variation of drop size across the spray fran the noaal.e
delivering 25 g.p.m. at 500 p.s.i.

Table 3

'Radial'variation in"drop diamet~

I'

Sampling position Mass median~'drop '81 ze--mm" .
Centre of spray. .... :.~ ,. '7.58.... -. '.

( v- .-- . , ., ... .," .. .. "'

1" from 'centre' -'.l'- . _. '0.35
.. ,

, '.
".

2' from centre 9~52
'.

",

The effect of ,pr'es'sure :~~. the ~ass 'median drop ~ize varies wi.t~ the now. ,.: ..- .. .. ,.•."... ~ . .... ..~. ... -.. - . .. _. ... ~.. '" .. . ~.. .', _.. "", . '.. -.....
rate. At 5 g';p.m.· and 15 g.p.m. the drop .. size is' given by" . :

~.. :.,.. ::... :b ._ ~'''k: t .... ;.....,.... ,. .
, : - .px .. , ..~ _..



where D " dr op size

k." constant

p " pressure

x " 0.30 for 5 g.p.m. and 0.17 for 15 g.p.m.

This relati~g)is similar to relations derived by other WeD. kef s ustng pressures
up to 100 p.s.i. '. At 25 g.p.m. however a relation of this kind is not apparent.
This may be due to the fact that for a given !E'essure the nozzle delivering
25 g.p.m. has a greater number of impinging-jets than those delivering 5 or 15
g.p.m. As the pressure increases the velocity of the water jets becomes greater
and results fn the formation of a wider water sheet and thus increases the chance
of interference and coalescence of drops.

5. Conclusions

The drop size of sprays used in the extinction of fully-developed· roan fires
has been examined. The drop size depends on both flow rate and pressure and varies
between 0.32 rom. for the nozzle: delivering 5 g.p.m. at 500 p.B.i. and 0.94 rom. for
the nozzle delivering 25 g.p.m. at 500 p.s.i. A relation of the form D" k
was found to hold at 5 g.p.m. and 15 g.p.m., but no consistent variation ~
of drop size with pressure was 'observed for 25 g.p.m. possibl~' due to greater
interference between the water sheets.
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PLATE 1. A TYPICAL NOZZLE



I

:,'.----"

.
. 't'

PLATE Z. DROP SAMPLING ARPARATUS
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:?LATE 3. DROP SAMPLING APPARATUS
BENEATH A SPRAY
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PLATE Z. DROP SAMPLING APPARATUS

~~ATE":;. DROP SAMPLING APPARATUS
BENEATH A SPRAY
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PLA.TE 4. PHOTOGRAPH OF DROP SAMPLE
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PLATE 5. ARRANGEMENT FOR MEASURING

WATER DISTRIBUTION
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