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by

P, H, Thomas

Sunmary
The feasibility of using water to -protect buildings from heat
radiated from an adjacent fire is examined., !Iwo means o applying
the water are discussed, one as a radiation water spray, and the -

other as a film on those parts of the surfaces of the buildings which
require protection. It is showm that for equivalent protection, the
surface £ilimn theoreticelly requires less Wwater than the rodiction
curtain, The reason for this is that the falling velocity of films

are controlled by the flow of water itself, wihereas the Talling velocitiy
of a spray depends on the drop diameter vhich connot be reduced to &
value low enough for efficient use in this application,
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THE USE OF WATER TO EROTECT SUILDINGS ¥ROM RADLATED HELT
by

P, H, Thomas

Introduction

This report consists of the theoretical treatment of two problems,
‘In the first the use of water spray as o curtsin against radiation is
discussed end in the second the protection afforded by a thin film of
liquid o a vertical surface is evaluated for different cornditions of
application. The water required for these two wecns of protecting
buildings from the heat of a fire are then compared witi that used in
practice to contain the Tire emitiing the radiation,

L - deter spray

The tronsmission of heat radiation through water sprays of the
kind obtaired ?rgm fire-fighting appl%ances has been investigeted
theoretically (1) ana experimentally ot the Joint Fire Research
Organization, In this note, this informeilon is used in making an
estimatie of the efficiencies of radiation curtains of different
droplet sizes, vidths and heights, :

Theorvy of water spray curtain

The trensmission of heat radiation through a water sprey is
determined mainiy by the surface ares ol water in a unit section of
the curtain, %hus in Figure 1, if the radiating panel 'A' aud the
screen 'B' ezre of infinite extent and the intensities of radiction
and concentrations of water sre uniform over a plane 'J', <tuae ravio
of the incident I_ to the tronsmitted intensity of radiction I,
depends on the surfece cres of water in a volume 'D' such as is
shown in Figurc 1, For simplicity, we sholl thinic of the sproy as
consisting of drops of one size only, The amount of weter in the
volume 'D' is then proporticnel to the product of the flow of water
into the sprey curtain and the time it takes to pass through thet
volume, If the water is relessed ot some point ot o heizht 'B' and
falls through the curtein, the drop velocity is mede up of two components,
nomely, the velocity reletive to the air, end the absolute velocity of
the oir entrained in the spray., The velocity of tihwe drop relative to the
2ir ot some distance below the point of release is the terminel velocity
and this con be expressed in terus of the properties of air and water
end the drop diameter., Whe velocity of the entrsined sir connot be
cccurately determined but we cen melke cn estimote by regerding the
curtain &s a negoative chimney, Thot is, the weight of the moving
uoter spray is tronsferred o the air end this generates the dowmdraught
of adr,-

lle can calculate the time a drop is in suspension if we assume
that there is no loss of size due to eveporation, The time for the
spray to completely evaporate may also be estimated, = Provideé the
suspension time is not too lerge a Ifraction of the eveporstion time,
the ratio of these times is the same as the ratio of the flow of water
needed to absorb the heat and the flow actually applied. ‘e can,
thereiore, evaluate approxmately the efficiency in terms of water
consumption, The actual equations and calculctions are given in the
Appendix,

Figure 2 shows the flow of vater required in a walter screen of
various drop sizes, Four conditioas ere considered, viz, curiain
heights of 40 £t and 100 £t and intensity reduction ratios of -

O : 1 and & : 1., %“he width of the curtain is taken as 15 £t. Vaolues
of the evaporation time and the suspension time wre given in Hgure 3
while in FMigure 4 the Ilow of water required for different incident
end transmitied intensities is given for a drop diameter of 1/20 cin
since mean drop sizes less than '/20 am may be difficult to produce,
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The maximum transmitied intensity that can be tolerated is govermed

by the minimum intensities of radistion required to ignite a material
such 25 wood, 0-10 cal am~2 sec~! is the critiosl intensity for the
surface ignition of wood and this intensity produces physical discomfort
if one's skin is exposed to it for about 10 seconds, [alf this intensity
produces discomfort in about 30 seconds, 'he curves are -drawn, therefore,
for a transmission of 0:05, 0:10 and 0.20 cal cm~2 sec 1, and show the
effect of increacsing the allowed transmission,

The average intensity of radiation shout 50 £t from a severe fire
in a lerge building can be over 1¢0 cal cm” -2 sec™ 1, and very close to
the bulldlng it can be as much as 3«5 cal em=2 sec, Velues of water
flow necessary are given for incidert intensities up to the higher value,
The ef¢1clency in terms of the actual to s minimun necessery cuantlty of
water is given in Figure 5.

This minimum quantity which is shown in Figure 6 is that theoreti-
cally necessary to absorb by complete evaporation the heat radiated,
Figure 2 shows thet the flows of water necessary increase markedly with
the drop size, while from the relation between: Ty and Tg shown in
Figure 3 it appears that the drop size at which these are equal, and
at which, therefore, the water is most{ gainfully used, increases with
the height of the curtsin, It follows that, for a particuler drop size,
sprays are more efliciently used when the helght to be protected is
lerge, For example a reduction in the height from 100 £t to 4O 't
reduces the amount of heat radisted in the same ratic 100 : 40 but ths
flow necessary is reduced only in the ratio 100 :; 70,

'e have assumed the spray to be formed by allowing water drops to
f8ll from & height comperable with the building height, If the spray
viere projected upwerd and then allowed to fall both upward and downward
parts could contribute to the reduction in intensity., Theyr would,
however, not contribute equally since the drop will ascend more quickly
than it will descend, A maximum estinzte of the usefulness of this
practice would be that it chan the necessary reduction in intensity
from e factor R to 1 <o vfﬁgto 1 for each pert of the spray., In
practice it would not be possible to achieve curtains of much height
since the range of sprays is not very greot and is rarely more than
20 £t in the horizontel for normal pressurss,

IT - Direct wetting of the exposed bullding

I7 a surface exposed to radisnt heot is wetted by o film of water
the surface temperature cannot exceed 100°C luﬂ@;lﬂluﬁly ilso the
hest that pesses through the film 2nd enters the solid cannot exceed
that entering s semi-infinite solid whose surface temperature is
raised suddenly to 100°C, After a minute the flow of hect in such
circumstances would be less than 0«1 cal em™2 sec™! for a wooden pody
and after four minutes it would be hald this value,

It is thus reasonable to regard & surisce protected by & film of
wate¥ for a long time from radiation of intensity of over 1 cal om™ -2
sec ' as absorblng no heat ifzell, heat not absarbsd by the water
being reflected, The proportlons of heat absorved and reflected by
a water film depend primerily on the geometry of the radiating and
the exposed surfaces of the film thiclmess end only if the {uo surfaces
are very near is the whole of the incident radiation absorbed,

irrespective of the.lilm thicmess, Even if the surfaces arc & long
way apart so that radiation is not reflected bhack to the radistor and

then back agein a film 2 x 10"2 cm would be expected to sbsord about
three-quarters of the radiation emitted by a source ai a temperature
of 1000°C, It is therefore reasonable to assume that water used in
this way con be used olmost to its full cepacity as an absarber of heat,
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the limitations {o this method in practice are flhose incurzred in
digpersing The water over the area to be protec..eu “his disverscl is
efTected by The presence or absence of chstecles to the flow of water
snd when the film becomes thin Gisrupiive afiects of surfece tension
may well be a limiting lactor,

inli e sSpre the water recuired %o prot an orea oy dircct

iUnlike the spray, the water recuired Lo protect an area by dircct
wetting would be expected vo increases aporoximetely in proporiion o
the height watted,

III - Partial protsction

If it is desired to protgct oniy port of the exposed bulldiaz, the
windows say, there are choices beiwcen a spray curtein and direct weLtzug
end between & cover extending over all windows above each other ond
seprrote protection for each window; this protection awgmenitinz that
provided for the lower windows,

It has been shown above that the use of spray becowmes increasingly
more wasteful the smaller the height tc be protected, while the
gificiency of direct application should not be alfected,

IV - Jeter used in practice .

Avart from estlmatln& the efflclenoy of the curtain relative o
a complete evaporation of water we cen compore the flows necesszary with
those used in orectice to contain firecs, The musber of Jeis c¢o.monly
used is .approximately that given by spacing of 10 £1 to 60 £t with a
msen value of ebout 25 ft, If we <ake 1 2] min~? as the £low from a
typical Jet the rete of asplication is 5 to 30 zals cin~! yd~? with a
rmost probable figure of about 10 gel win~! ya=1, It is perhaps
significant that this is of the same mogaitude as that necessary in a
screen designed solelr to prevent sprend and which conlribuvtes nothing
directly to extinpuisiing the fire,

V - Conclusions

Theory shows roadiation curtains formed by spreys frow conveniionsal
nozzles to be unduly westeful of water if the 31bht o be provected
is iess than IOO 4 o$ if the intensity of rediation is less than
3 or 4 cals cm™< se . JlrTom the point of vizw of @conomy of waier
protection of exposed areas 1s better schieved by r direct spplication
off water., If there is e 'run-of{' frow o spray curtain, reduction in
the flow reduces the degres of protection, I there iz o 'run-off' Irom
direct application a reduction in flow, unless it reduces the wetied
area, does not reduce the protection bhui oniy the 'run-orf?!,

A
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~ £ppendix
Let Io and Il be iacident and transmitted intensitien
¢ Dbe webter flow rate per unity length of curtain
w be sir velocity
Vi ve terminal velocity of drop
}h wbe air and water viscosities
)

[gﬂube air and water densities
s



be air pressure

be time drop is suspended in curtain

el L= I

e be time of complete evaporation of spray

H

be ratio of incident to emergent intensity

H ) bde height end width of spray

D be drop diamszter

¢ be concentration vol/vol of water in spray

t be film thickness

%. be attenuation per cm of thermal radiation in water

T,Abe the latent and total heats of steam at 100°¢

Annlysis of protection by water spray

We hove from the Lambert-Beer law of transmission

R =-e::.p _(EBL)_ veeens (1)

for e spray of totally ebsorbing drops.

Yhen D is small we have from Stokes' Law

vV, = ab, (2)
where a = E;fiﬁ ' ceneds (3)
167&

= X7 x 107 sec™]

For large values of D we heve

<!
cr
f
&
v/
£

where lf T (%ifzs—gk

Ve ossume that

213 the sproy is of uniform drop size
2) the drops move at their terminal velocity relative to

the air which itself moves at constant speed
(3) the degree of absorbtion and the woter in the spray ete,
can be calculated on the sssumption of no loms of vater
due to evaporation,
This approximation becomes increasingly worse as the ratio
T,/Ty; increases



We have then
r H
"."s = seranve (6)
W+ vy
and c,l, = ...‘g.w_. R R . (7)
W o+ Vt
From (1) and (7) we have
3 W + vt dens o

The pressure gradlent in the spray due to the weight of spray

is given br
dp . LR (9)
6{1/\ .b\J + 'UQ)J.

so that if we neglect upward circulation of air around the down stream

we have
. =/;<'j;../ v Q@ evenn(10)
\

&(DU 14)1

for the air velocity calculated from the inertia forces

From (8) end (10) we have

W o= ZE;H% L§E1R feeeso (i)

The solution of these equations gives,

for v, o D

t
, %
Q= foq R ba_b‘-f—(%ﬂj‘o;lﬁ 3_;!&.@.) (12)

and for v, O D
/i D\AL....G
Q= =g ““/3“%”#/)1) "

We teke 1 = 157,

and H) 10t or 100!,



-6

Equations (i2) and (13} do not give very different results in ihe renge
considered here, Ue shall, therefore, confine our attention to
equation (12) which gives sllgh iy lower velues of ¢ for drops lavper
than 1 ocm,

50

The curves of (-v-D are plotted in Figufe 2 for H equal to
LO' and 100' and R equal to 4 and 40,

“/'e con combine (6) and (8) to obtain
T = AR HD veenno (i)

“his is elso shown in Figure 2 for i = 40' and 100' and 2 = 4 and 40,

The ime of evaporation T is obtained as follows, *he drops
are assumed to be tot?lly absorbing, so that the totsal radiation
absorbed is It is further assumed thet this does not
vary with helgﬁt Slnue the drops do decrease in size as they fall,
the protection does in fact becoms less near ground level, ‘ith
complete evaporation of the water there is of course negligible .
protection at the bottom of the curtain,

/e have
A
I (1 - 1/R) -T.}‘ = Q II'I!I(15)
o+ V
o= BER DA 016
3 I, (1-"'/R)
This is also shown in Figure 2 for I = 20 cals cm‘2 sec-t and

I = 0:05 and 0+5 cals cm'2 sec 1.
e also have

s _ Lo omir- ) L
T AG

This is equal to the ratioc of the minimwa flov of water that need be
used to absarb the heat to that actually used, It is thus & neasure
f the efficiency of applICatlon relative to the minimum quantlty

that need be used if all of it is turned to steam, LYhis winimuwn
quantity, does not of course refer exclusively to water curtains but
to any mode of application, e.g. the apvllcttlon of water i a film
to the surface to be protected.
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