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THE RELATIV“ MERITS OF HIGH AND [OW FRESSURE WATER SPRAYS IN THE uXTINCTIQN
CF LIQUID FIRES

by
D, J. Rasbash

Summary . '

From available 1nformat10n on the extinction of liquid fires with
water sprays, an estimate has been obtained of the relative effect of
increasing the pressure in a high pressure spray range (100«1,500 1b/1n.2)
and a low pressure spray range (up to 100 1b/1n.2) in the extinction of
these fires, It has been concluded that, after taking into account
practical conditions which are likely to occur in the use of these sprays,

it is not in general worth while increasing the pressure in the high
- pressure region.

Symbols
A area of fire
E efficiency exponent
P rressure
Q efficiency factor when extinction time is important.
a¥) efficiency factor when water consumption is importent
R~ rate of flow to the fire : '
a exponent of pressure in efficiency equation
b exponent of rate of flow in efficiency equation
t time of extinction -
X ° ‘exponent of pressure in equation connecting the variation of '

rate of flow with pressure under various practical conditions,--

In the application of water sprays to fighting fires it is important
to know the best pressure at which to operate the nozzles, Recently
there has been much difference in opinion on the relative merits of high -
pressure (up:.to 800 - 1,000 1b/in.2) and low pressure (up.to 100 1b/in,2)
sprays. A certain amount of information is available which allows a
tentative empirical answer to be given in this problem, insofar as it
concerns liguid fires, .

Distinction between the effect of pressure and rate of flow

In considering the use of high pressure sprays in practice, a clear
distinction must be drawn between the effect of pressure and the effect
of rate of flow, For a given nozzle the rate of flow will increase as
the square root of the pressure, However, under practical conditions
the use of a hizher pressure may result in a decrease in the rate of
flow, Thus, for a given number of' men the maximum rate of flow which
can be handled will decrease as the square root of the pressure, since
the reaction at the nogzles increases.in direct proportion to the square
root of the pressure. Again, for a given power output at the pump, the
rate of flow will be inversely proportional to the pressure developed.

If it is assumed that the size of a pump as specified by its volume or
‘weight, is proportional to its power output then for a pumping wmit of a
given size, the rate of flow will be inversely proportional to the .
pressure, . To Justlfv an increase in pressure, then the increase in
efficiency due to the actuel pressure increase must at least counterbalance
any decrease in efflclency resultlng from a necessary decrease of rate of
flow, :

If the time of extlnctlon ‘of a fire is of greater 1mportance “than the
amount of water used in the extinction, then the efficiency of a spray
may be represented by a factor Q where



Q=h veene. A L
PR t . - " r ’ ) ) ‘.-‘u--vol (1)

A = area of fire extinguished :

t = time of extinction,

It may be assumed that Q will be some function of the rate of flow
to the fire (R) &nd the pressure of the nozzle (P) and also.of other
spray properties such as the cone~angle, design of the nozzles, etc,

If we wish to consider only the effects of rate of flow and pressure,
then the effect of these factors may be expressed in the equation

Q o{ p2RgP cevees ‘ o : ceaees (2)

In equation 2, a and b are exponents depending on the fire and the type
of spray used' they may also vary with the pressure and rate of-flow as
well, : :

If, on the other hand, the quentity of water used in the extinction
is the more importnat factor, then the efficiency of the. spray may- be '
represented by Q9 where .

Q = A '-=_Q eercee S S .
YRR Q, . L e (3)

. Combining equations 2“and 3 gives _
' . o. b=t eviee (4
@ « P"R o

It the pressure is 1ncreased the rate of flow may also increase or
for one of the practical reasons given above, it may have to be decreased,
Thus, if an increase ir pressure is necessarily accompanied by a certain
variation in the rate of flow such that R P¥, then substitution in equations
2 and 4 shows that the overall effect of the inerease in pressure on the
spray efflciency will be expressed by equations 5 and 6.

@ « potDx eeeie (5)
o p°~+(b‘) " et (6)

Henceforth, the .exponent of P in equatlons 5 and 6 will be called the’
"efficiency exponent E". E is a function of a and b, and will depend

. on the limiting factor encountered in the practical use of the sprays.

" It may be noted- that 1f E is significantly larger than zero then the’

' eff101ency of the spray will incresse as the pressure is increased, but
if E is significantly smaller than zero, the efflclency of- the spray will

decrease:.as the pressure is. increased. -

Table 1'g1veé the efficiency exponents for practlcal condltions
in which the manpower, the pump power, and the nozzles- impose . the mOSt
"1mp0rtant restraint as the pressure is increased,

Calculatlon of efflclency exponent

In order to apply the information in- Table 1, it is nccessary to
know the values of a and b, These can be obtained from practical tests
with sprays on fires, There are two ways in which tests may be conducted
to give ‘the values of a and b, - Firstly, a direct correlation may be
obtained bétvieen the efficiency of extinction and the pressure =nd the
rate of flow at the fire ares, Secondly, a correlation may be obtained
between the efflclency of extlnctlon and the spray propertles at the
fire area such as theé entralned air current, the drop size of the spray .
as well as the rate of flow; -using 1nfornat10n on how pressure and rate
of flow effects these properties, the exponents of pressure and rate of-
flow may be caléulated. = The first method has the limitation that other
spray conditions, partlculérly the COneTangle and the method of spray
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productlon should be reasonably uniform throughout the test serics, since
the spray properties which determine ekxtinction will devend in part on
these other spray ﬂrOPertles. The second method has the llmltatlon
that information on the effect -of pressure on the spray prqpertles at

the flre is scantV, nartlcularly for pressures above 100 1b/in.2.

Informatlon -is available from three séries of tésts from which a
dlrect correlation may bé :obtained between the efficiency of extinction
and the effect, of pressure and rate of flow, -These correlations are
surmarised under series 1 to 3 in'Table 2, Table 2 pives the source of
informaticn, a brief description of" the fire used and the conditions
under which. the sprays were applied toeother with values of a znd b
and aoproylmate 95 per cent confidence limits calculated as regression
coefficients from the test results . Series 1 was carried out with low’
pressure sprays (<100 1b/in.?) and serics 2 and 3 with high pressure
sprays (100-1,500 1b/in,2), In series 2 and 3 the rate of flow at the
fire area is not piven but as the areas covered by the sprays.used were
either the same or less than the area of the fire, it may be assumed
that all the water from the nozzle was usefully employed against the
flre and that therefore, the rate of flow from the nozzle. was
rroportional to the mean rate of flow to the fire area, Three serles
of tests are also available in which a correlation has been obtained
between the efficiency of extinction and the propertles of .the spray at
the fire area, Combining this information with information on the .
effect of pressur? 3nd rate of flow from 1mp1nginu jet nozzles on.the ~

6 the values of a and b were calculated for both
low. pressure sprays and high pressure sprays, These estimatdons of
a and b are appropriate to nozzles consisting of multiple nairs of.
impinging - jets of constant diameter delivering spray uniformly 1nto a
cone of constant angle, The results are given under series 4 to 6, o
in.Table 3,.. "It will be noted that a precise value for a hich pressure .
spray is not given. Thls ‘arisés from the uncertainty of the effect of
pressures above 100 1@/1 the drop size of the spray. The
available information (6 ? (7? indicates that the drop size of the spray
is proportional to p0<0 to ~0+2 ang the renges of values of & given
are such as to cover this varlatlon' :

By comblnlns the 1nformat10n in Table 1 with that in TablesZ and 3,
the efficiency exponents of the sprays were calculated, | These are
shown in Tzble 4 for the low pressure range and for the high pressure
range, Table % shows thot if neither manpower nor pump power were a
limiting factor, a2nd that the only limitations were the amount of water
that could be obtained from a given nozzle, then the efficiency exponent
would. be significantly'positfve-in most cases, It follows, that in .
general, it would be worth while increasing the pressure under these
conditions. * However, it w111 be noted that the efficiency exponents
for low pressure conditions are’ substantlally greater .than those for high
pressure conditions, agd that it is more worth while to increase the
pressure to 100 1b/ than to increase the pressure considerably
beyond 100 1b/in,?. If the manpower or the pump power available were .
a limiting factor, then in general, for low pressure sprays, the efflclenqy
exponent is-either p031t1ve or not’ slgnlflcantly different from zero,
and for- hngh pressure sprays, is ‘either negative or not 51gn1flcant1y

_dlfferent from zero, Thus.in general there may be an zdvantage .in

1ncrea51ng the pressure in the low pressure. range and a disadvantage in
increasing the pressure in ‘the ‘high pressure range., However, the
efficicney exponents for series 2 for conditions under which water
consumption is critical are p051t1ve which 1nd1cates that there may be
an occasional advantage-in-using high pressure sprays under these
conditions,
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Discussion

It is llkely when sprays are used under. practlcal conditions, . that
limitations of manpower and pump capacity will be important when high
pressure’ sprays are’used, and thet limitations imposed by design of the
nozzle will he important when low pressure sprgvs are used. Thus, for
example, if a recction at the nozzle of 50 1lb weight is the maximum
which will allow adequate control of the nozzle by one man, the rate of
flow et 50 1b/in.2 would be limited to about 120 gal/min and at
500 1b/in.? to 35 gal/min, Now if it is necessary to use 1/16 in.
diameter impinging jets to obtain a satlsfactony degree of break-up of
the water, a nozzle contalnlng 100 pairs of impinging Jjets would be
required to give the maximum flow rate that could be handled at
50 1b/1n.2, whercas a ozzle containing only 8 pairs of jets would be
required at 500 1b/in,“. ° Therefore, if the pressure is 50 1b/in.?
considerable difficulty may be encountered in designing a nozzle to
project a fine spray at the maximum flow rate a man can handle; if as a
consequence, it is necessary to work at a lower rate of flow the nozzle
design would impose the chief limitation on the rate of flgw at this
pressure, On the other hand, at a pressure of 500 lb/J.n.2 there would
be no difficulty in designing a nozzle to give the maximum flow rate a

man can handle and the nozzle reaction would impose the chief limitation

on the rate of flow, Again, a pump of normal size can deliver:
approximately 700 gal/mln at 100 lb/1n.2 and it would be expected that

a pump of similar size would dclzver approximately 70 gal/min. ut1,000 lb/ln.z.

At the higher presa¥re the water can be fed through one nozzle conslstlng
of twelve pairs of '/16 in, impinging jets. At the lower pressure,
Chirty=two tiTEbthis number of pairs of jets would be required to cope
with the maximum delivery -the pump can give, Thus at the lower pressure
nozzle design is likely to be a more important limitation on the rate of
flow than the pump capac1ty, but the opp051te would apply at the hlgher
pressure. ' ‘ : i

The avallable information which has been summarnaed rbove indic:ates
that when'the limitation’is imposed by the nozzle which can be de51gned,
a substantial increase in efficiency may be cbtained if the pressure is
increased, particularly up to a pressure of 100 1b/in,“» Since this
© limitation is: llkely to oceur most for low pressure sprays, it mey be
concluded that.it is worth while increasing the prsssure at spray
nozzles for fighting liquid fires up to 100 1b/in, However, if
manpover or pump-power were controlling factors, and this is likely to
be the case at high pressures, then the incresse in the efficiency on
inerease in pressure will be. considerably less and in many cases there
may even be-a decrease in efficiency at hlgher pressures, Therefore,
in general, there will be no-advantage in increasing the pressure at
spray nozzles to values con51derably greater than 100 1b/1n.2.
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TABLE 1 .1

Formilae for efficiency exponents

Formula for efficiency exponent 1
Practical Value of 9 ; 01
re.strl_ctlon ' x (tirqe of extinction | (watér consumption
important) import a.nt§ '
Given nozzle + 5 a +--122 a +:S- -1
NP ' oy
Given manpower -3 g +2 -2, L
& manp 2 > a-3+3
Given pump- -1 a-">b a~-b +1
power or size "

L -
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TABLE 2
&y
Direct estimates of a and b for different fires
Series | Reference Type of Hethod of ¥Method o, of | Range of a with Range of b with
number | number fire spray production of tes{s in | pressures 955 rates of flow 95%
spray series covered | confidence covered confidence
\ application 1b/in.? limits limits
1 1 1 ft, Maltiple Dovmwards, 33 ¢ 10-85 1.67 + 0.35{ 0.12 - 2&54 1498 + 0«74
- diameter: | impinging jet | from & = gal £t, %min"! =
tanlk in sprays mounted | height of
laboretory; on a battery, 5 £, 9 in,
kerosine; Directional '
8 win, .
preburn,
2 2 10 gal. ) ( Hand 210 400-750% 1 Qen1 + 0-17 15~35 064 + 0°36
- spill ) g application ) - gal/min -
petrol ) ’ . '
fire in ) : ( .
open eir, ) '
5 sec, ;Ifhl‘tiple
prebuzn, impinging jets
. o _ Jmounted on a ‘
3 2 10 £t. _Jsingle nozzle, (| Fixed 43 100-1500 | 0+21 + G-14 15-35 135 + 0-35
aquare JDirectional, a plication . - gal/min : -
pool of ) : at an angle |
petrol in ) of about 45° ‘
open &ir,- | } ' !
5 sec, ) |
preburn, ) . |
!

i

¥ further 120 tests in this series were also carried out within
included in the analysis as no extinction was obtained in 30 of the tests,

the rangs of

.ressures 1000-1500 1b/in.2; they were not



oil fires in a
roofless structure,
Preburn 300 secs.

Jsingle nozzles,

)

15 £,

' - , ! d P v ,“Ja' . ‘»: . .:'. 0.
N{//‘ Low g - = {/,
H s
. TABLE 3 -
Indirect estimates of = and b.for different fires. . 'G—?'
o ) Eétifqated valu;eé_-of-.‘ a and b with
, , ' Range of 95,. cont'idence liuits - -
Series|Reference . Type of Methods of Hethod of 1To, of | rates-of flov
number| number | ' fire spray production |spray application|testis covered | ., a b
o : , : D i - . . .
sonmea |22 TET MR (<100 1/50.2) 1(>100 10/4n,2)

4t o3 |1 £t diameter petrol| Directional Downward from & oA 0.16-0.8 2.2 0:7 to 1.5 | 3.0
fire in laboratory, .} impinging Jjet height of 5 It. 05 +0- 4 +1+1
freburn 15-300 sec, sprays on a 9 in, to 8 £t, - - : - =

battery and non- o

directional

impinging Jet ,
sprays on a nozzle.

Directional swirl

nozzle spray.

5 L 1 £t. diameter ) (-|Dovmward within © 50 - 0-07-1-0 0.7 0-4 to 0.6 | 1-7
transformer oil b _ an angle of 259 : +0+2 +0-2 +0- 1
fire in laboratory, " )Directional ° to the vertical . )
Preburn BQO secs. )impinging et and (|from a ‘height of

o N ’ Jswirl sprays. 8 ft, A
S0 N ~=---| Jdon-directional . oo o '
6 5 j.ft, and !+ ft. . . )lmpinging jet Dovmward from 83 0'09"'1 ol ‘ Q-4 0.0 to0 0.2 1'3
. diameter transformer: _)sprays. All fI‘Om( height of & and +0-2 :0.1. 0.3
(




Valuss of the efficiency

PABLE 4

exoonent E for different practical conditions

- - Test . Increase in pressure up to 100 1b/in,? Tncrease in pressure above 100 1b/in,2 -
series . :
(see tables! given nozzle Given Given
2 and 3 ) ! manpower punp-power Given nozzle Given manpover Given pump-power
{ :
Q & Q Q1 Q Qi Q & G R Q Q1
1 2.661 2.16 { 0.68 1.18 j -0. 31 0. 69 - - - - - _
+0:51 | +0:51 {+0.51 | +0.51 _-1-__0-»82 +C. 82
2 - - - - - - 0-73 0-23 0-09 0-59 -0+23 0-77
£0-25 +0-25 +0:25 +0+25 +0:40- +0+40
3 - - - - - - 0-89 0.39 -0.47 0-03 -1.14 =014
+0+23 +0.23 +0.23 +0- 23 $0°23 | +0+23
L 3.7 302 Q-7 1.2 07 0-3 | 2.2 to 3.0} 1.7 to 2.5 | =0+8 to 0-0} -0-3 to 0-5}-2-2 to =1-4 | -1-2 to ~-O-4
+0:7 | £0-7 | +0-7 +0:7 | 41+1 | 4141 +0-7 +0-7 +0.7 +0:7 +1.0 +1.0 .
5 1.6 1.4 1 -0.1 0.4 -1.0 0.0 | 142 to 14| 0.7 to 0.9 {-0.4 to-0.2{ 0.1 to 0.3 -1.3 to =-1.1{| -0.3 to -0.1
#0-3 | £0-3 |03 | 40-3 | 104 | 40-4 | 203 103 03 #0-3 $0-1 04
6 141 06 {-03 G-2 | -1-0 0-0 } 0.7 to 0«9} 0-2 to O-4 {-0-7 to-_-O"-S -0-2 to 00! ~1-4 to -1+2| =04 to ~0-2
+0-251 £0-25 | +0-251 +0-25 ) +0+351 +0-35 0.2 +0-2 +0-2 +0-2 +0+2 +0-2






