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THE- TETERMINATION OF THE DROP ‘SIZES OF HIGH AND LOW FRESSURE VATER SPRAYS =
ST . o ‘ - by .

... Nicola Savage 'and‘;_Stepl-'ianie Freeman .

1. Introduction

In a previoua investigation, (1) the effeot of high and low. pressure water
sprays on'the extinction of fully developed rocn fires was studied, This note
describes the determination of the renge of mass-median drOp diameters which ware
obtained in the-sprays used.

2, Experimental

The impinging-Jjet type nozzles used have been described in detail elsewhere
(1) and’ a typical nozzle is shown in Plate 1, The nozzle for each spray .examined
was mounted with its axia vertical 10'0" above the floor of the la.borator{. The
pressure at the nozzle was adjusted to .give the required water flow rate "1). '

The sprays were sampled in the following mazmar(z)

Axgmall :flathdish containing castor oil was exposed to & section of "the spray
in a plane:.about::6-in, above the floar. Ths dish was mounted on . a trolley and
pulled under a:slot:iin _the 1id of the box. contalning the a.ppara.tus (Plate 2). .
Semples:were. taken-vertically. below -the-nozzle. (Plate 3) end et points up to 2 ft. )
from the central axis, The exposure time and number of semples taken were . .
adjusted so that the castor oil was not overcrowded with drops, between 2000 and
4000 drops being collected from each upra.y. _A contact photograph (Plate 4) was
taken of each sample. B '

An enlarged image of the n'ega.tivé was projected oh to a soreen which was
divided into squares to facilitate the ‘sizing and counting of the drops,The magni-
fied drops(x15) were measured by means of a template cut with holes of diameter
ranging from 1.5 mm. €0 15,5 mm in steps of 1 mm, Those drops which had magnified
diemeters greater than 15,5 mm were measured individually, S

A preliminary analysu of the dr0p aize distribution showed that it varied
across the spray, and it was therefore necessary, in the calculation of the mass-
median drop size of the whole spray, to weight the measurements teken at each
sampling point according to the mass distribution of the water, This was measured
by aattlng out metal cana, 7% 1n diameter, over the sampling area (Pla.te 5) and '
exposing them to the spray. ’

30 Results

The mass median drop size has been’ determined for nine sprays and the results,

which have been weighted in a.ccordance mth the water dlatri'bution, are givem in
Teble 1, . )

', Table i, -
Weighted drop diameters

Mass median drop size - mmo,

FPressure

Rate o oSel, 80 gt~ e 500
flow g.pJn. R e EEEe
-5 .. .o . .,_.',0_55. . 0_59 | 043200
15 0,857 - 0062+ | 0,617

25 ‘ 0.54 - |. 0.59 0. %




l

A graph of mass medien drop size against pressure was plotted for the three
rates. of .flow and is shown in Fig, 6, .

Several empirical laws (3) have been derive? Yh:lch express the distribution
of drop . diemeters within sprays. Other workers have shown .that .the '
distfi}vution for single pairs of impinging jets agrees with the Roser-Rammler
law \3), The work described in this repart also shows general agreanent with
this law. A convenient farm of the law is -
AR
R oo o)

where R = fraction by weight of the total spray composed of drops greater in
: " dismeter than x, .

a = "absolute spray coefficient” which is equal to the value ofx for
which the fraction R oversize is 0,368.

ns= hmogeneity coefficient.

. A typ:l.cal result obtained by plotting log I/ R a,gainst X on logarithmic -scales’
’ is shown in Fig. 7. -

4o, Discus sion

{42 The results obtained show that the sprays used give quite.a wide veristion
1n mass median drop size which ranges from 0,32 to 0,94,  These results were
effected considerably by using the weighting factors previously desoribed.
"Table 2 shows the welghted end unweighted results for three nozzles at a pressure
of 500 p.s.l. ' :

LTS

Table 2 2

_g_n_lparison Qf weighted and unwelggxtea drop dismeters '

' . . Y 'Rate of’Aflow’ _Mass median drop size-mm . .-
: Unweighted | - Weighted
i S results .~ results
- 5- 0.34 - P I 0;32 A (T
S | roars L | ol |
25 .| . 7.58 | 0.5 ..

Table 3 shows the variation of drop size acrass the spray from the nozzle
delivering 25 g.pe.m. at 500 p.s.i, : -

Table J

' - Ra.dia.l variation in drop diameter

\

. Sampl:lng position Mass mediantdrop size-uim--'

‘ Centre of spray. E '7.58 .
1' from'centre - ‘| - ' 0,35
2' from centre R (j).jSZ PR 5

I

The effect of pressure on the mass medlan drop size varies with the flow
rate, At 5 g.p.m. and 15 g p.m. ‘the’ d:mp sige is glven by

1D=k

p—

p S A



where D drop size

k. = constant

il

P pressure

X = 0030 for 5 g.p.m, &nd 0,17 for 15 g.p.m.

This relati?g is similar to relations derived by other warkers usinmg 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 mressure the nozzle delivering

25 g.p.m. has a greater number of impinging=Jjets than those delivering 5 or 15
g.p.. As the pressure increases the velocity of the water jets becomes greater
and results in the formation of a wider water sheet and thus increases the chance
of interference and coalescence of drops,

e Conclusions

The drop size of sprays used in the extinction of fully-developed room fires
has been examined. The drop size depends on both flow rate and pressure and varies
between 0,32 mm, for the nozzle delivering 5 g.p.m. at 500 p.s.i, and 0,9 mm, for
the nozzle delivering 25 g.p.m. at 500 p.s.i. A relation of the form D= Xk
was found to hold at 5 g.p.m, and 15 g.p.m,, but no consistent variation p*
of drop size with pressure was observed for 25 g.p.m., possibly due to greater
interference between the water sheets,
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PLATE 1. A TYPICAL NOZZLE
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TLATE 2. DROP SAMPLING APPARATUS
BENEATH A SPRAY
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PLATE 2. DROP SAMPLING ARPARATUS

~T ATE 2. DROP SAMPLING APPARATUS
BENEATH A SPRAY
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PLATE 4. PHOTOGRAPH OF DROP SAMPLE
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PLATE 5. ARRANGEMENT FOR MEASURING
WATER DISTRIBUTION
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Fig-6 THE RELATION BETWEEN DROP SIZE AND PRESSURE FOR 3 RATES OF FLOW
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Fig.7 DROP SIZE DISTRIBUTION (25gpm. at 80 Lb/in®)





