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1. INTRODUCTION

The combined agent. .td r-y chemical-foam) fire fighting technique is a
technique . that is ·. q u i c k and rel iable .i n p u t t i n g out large o il
fires,especially when there are obst.ructions in the fire areas. .

Following the development. and application bf the fluoroprote in fi r e
extinguishing agent i~ our country,this technique has received

' i n c r e a s i n g at.tention .and has been more and more widely applied.
The combined agent (d.ry !=hemical-foam) 'f i r e fighting analog t.est is

carried out on a setup tha~ includes a 0 .6 sq.m . oil receiver.the aim of
the test is t.o find t.he t.echnical parameters needed for fighting fire in
large areas,t.hrough a series of ~xperiments on a miniat.ure analog-set.up
under various condit.ions.These parameters point to t.he opt.imum
order,int.ervals· and magnit.udes in u~ing t.he combined agent \0 extinguish
a fire.

2.~HE COI1BINED AGENT (DRY CHEI1ICAL-FOAI1) FiRE FIGHTING
MODEL · TEST SETUP

The setup ·is illustrated in Fig.1.below:

{"-Dry chemical ~pray gun

Water outlet

......
-

spray gun

Inlel pipe

Fig.t.Schematic drawing of the combined agent fire-fighting
analog test. set.up

The setup is made up of the following parts:
(1) Oil Receiver For The Test
Th e oil rnceiv":r of I.he s e I up is s ha porl like a round tray,O.5 m deep a nrl
0.6 In in area . Ln s l d e Lh e o i 1 re";f:iver ar,.: pl aced 5 - c y l indrical s t.e e l
t.ubes as analogous obst.ructions.Water is first injected t o fo~m the
bot.t.om layer in the receiver .Theri 18 litres of oil is added,so t.hat t.he
surface of the oil is :3 C Ui from t.he t.op of t.he ·r f: c e i v e r .
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(2) Dry Chemical Spraying System
1be dry chemical fire extinguishing agent spraying system cons ists of a
dry chemical spray Run,a pneumatic valve,a dry chemical cont.ainer,a Bas

' r e g u l a t.cJr , a n air pr-e ssur-I z er- and a spraj' Bun nozzle swinging device.The
magnilud~of the supply of dry chemical is adjust.able mainly t.hrough
a d jus tLng the d l ame t e r- of t.he "tpert.ure at. t.he t.ip of t.he nozzle.The
r a nBe of adjust.ment. ,i s from 2 kB/min/sq.m. Lo 8.3 kg/m.in/sq.m.The spray
gun is fixed on a st.and t.hat allows it. to o s c Ll La te aut.omatically.It.s
ho r-Lz o n t.n I oscillat.lng period is 1.5 cycles per secrJfld.Thr~ spray gun and
the st.and are placed at. a distance of 170 em from t.he cent.er of the oil
receiver.
(3) Foam Spraying Syst.em
The foam spraying syst.em consist.s of a foam spray gun,a foam soluli6n
st.orage t.ank,an air pressurizer and a st.and for t.he spray gun.The : flow
of the foam in the spray gun is 5 lit.resper minite and t.he working
pressure is 0.7 MPa. The supply of the foam solution is adjustabl~~

through regulating t.he quantit.y of foam released.The range of adjust;men.t
is from 2.5 l/min/s~.m, to 8 .3 l/min/sq.m. The dist.ance between t.he
spray gun and the oil receiver s hou l d be so ad ju s t.ed t.hat" lhe foam
sprayed Just reached the screen across th.e " oil receiver.An
automatically-cont.rolled computerized dat.a c911~ct.ing system is attached
to the ' setup . '

3. THE tlETHOD AND RESULTS OF THE ·TEST

In t.his experiment. f l uor-opr-o t e in foam solut.ion (for:1m for short.) an~l
wholly siliconized dry sodium bicarbonat.e (dry chemical for shor~) are
used to fight fire under varying condit.ions.
'( 1) Fire Fighting Experiments With Foam or Dry Chemical.
The result.s of the experiments are shciwn re~pectively in t.able 1 and
table 2.

Table I:Results of · fire fight.ing experiment, with foam supplied
at,varying magnitudes

, -

Foam magnitude 6.3 6.7 5.0 3.3 2.5
(lhnin/sa.m. )

Time taken to 43, 60 74 95 119
extinguish fire ,

( sec. ) l
" r." ~. ' " . ? ( ?:~ b- " . I !

From , t h e
extinguishing ,
l/min/sq.m.

data in
effect -I s

the ' a b o ve t.able it can
best when the foam supp\y

be ser~n t he
magni,tude is

fire
5.0

Table 2:Results of fire fighting experiment with d fY chemical
suppli~d at varying magnit.udes.

f, '_! I.
. 3'. 0

: I

Dry chemical ciagnitudes , ,6 . 3 6.0 4.5 2.6
(kRlTnin/s<l.m.) ,

~

Time t.a k e n to 30 n.e. ( not. n.e. n.e. n.e.
extinguish fire extinguished)

~( sec. )

From the data in the above t.able it c a n be seen fire with
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obstructions cannot be extinguished when lhe supply magnitude of the dry
chemical is under 6.0 ka/min/sq.m. '
(2) fire Fighting Experiment. \Hth Dry Chemic:-.l1 and Foam Sprayed
Simultaneously In Combination.

the results of lhis experiment. are shown in table 3 'and table 4:

Table 3:Result.s of fire f l g h t Lrig experiment wit.h foam supplied at
varying magnitudes while dry chemical supply stands.at th~ magnit.ude of
2 kg/min/sC/.m.

Table 3

Foam magnit.ude 8.3 6.7 5.0 3.3 2.5 t

(l/min/sq.m.)
",

, I

Time laken to
"

28 30 35 ' 48 60
extinguish fire

,

( sec. )
j

..

From the data in Lh e above t.able i 1 can be s e e n that. through the
combined use of dry chemical and foam.~hile'the dry chemical supply
magnitude stands at 2 kg/min/sC/.m. a bette~ resull is achieved when the
foam supply magnitude is 5.0 l/min/sq.m.

Table 4: Fire fighting experiment with varying dry chemical supply
magnitudes while foam supply magnitude stands at 2.5 l/miri/sC/.m.

Tab l e 4

Dry chemical magnitude
<

8'.3 6.0 4.5 ".' I 3.0 2.0
(l/min/sCl.m. )

"

"
,

Time t.aken t.o 9 17 30 48 58
extinguish fire

(sec . )
c-

. ' _::;.f,.

"

From the data in the above table it can be seen while the foam supply
magnitude stands at 2.5 l/min/sq.m .• the greater the supply magnit.ude of
dry chemical.t.he less is the time taken t.o extinguish t.he fire .

lbe data obtained through the above experiment.s show that. the use of
t.he dry chemical and foa~ in combination can extinguish a fire in a much
shorter time than using either of the two fire extinguishing agents
alone.These experiments test.ify fully t.o the high efficiency of the
combined fire extinguishing agent (dry chemical-foam) in fire
protection.
(3) Fi~e Fighting Experiment Wit.h the Combined Agent (Ory Chemical
Fo ..)m).\~it.h Foam Sprayed First. and ' Dr y Chemical Spnlyed After An
Inlerval.

I A.Table 5 conlai.ns results of the fire fighting
combined agent (dry chemical-foam)--usillg dry
magnit.udes afler varyirig intervals,while the foam
magnitude of 2.5 l/min/sq.m.
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Table 5 I' • r

" '.~: - · '1 ~ . , " "
Magnitudes of dry .,8 . 3 , . 6.0 , 4.5 '( I , 3.0 ", 12 . 0

" , , I
ch~lOlcal . ' .., I ..,

"
o·

(kR/mill/sq.lO. )

Extinguish fire time~ • ,:- 1 .t, 'f:

, t s ec. ) " 1
. 1 i.. ,

Intervals (sec.) , ""'1 / 1>-",: ... ' . t ~ q . .,~ f f

0 9 d~ 17 ' 1 ' 30 ! " '48 ; , . 58 "
,, '. f', . - ;,

I ~ , u .. --, ,
10 ,·20, tJo! 23 .... 26 41 . > t) 44

.~·t

- . " . ---1 - : I "' ,-,
20 , 25 .' 26 Ii 32 45 47 0

"..'
; -I.. ". - , , ,

30 ... ...; 32 < /,.•• 34 ;' . .....: ~ 42 · • 51 ' 56~ , \ d "

Figure 2 shows when ,t h e magnitude of the foam supply stands at the
same level,how the changes in the magnitudes of dry chemical and in the
intervals affect the time needed to extinguIsh in thefir~.

rime taken to
extinJu.~h fire

(.sec.)
60

4-0

30

20

10

.,

5 10 15 20 25 so
lnterva.ls (5,tc)

Fig.2
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from fig.2 it. can be seen :(al when t.lle maRlIit.udes of the dry cllemie::ll
are great.er t.hall 6 kR/mln/sq.m. t.he t.1me I a k e n tn extinguish lhe ' fire
vari es accord i ng t.o t.lle c hn ng e s I II t.he D1fJglti Lud e s 01 UIP- dry
cllemical.Hence.t.he short.er Ute inlerv"!l.t.he Le s s t.lme it. t.rJk,.~s t."
extinguish t.1lfi1 flr·e.(hl Wh~n ,I.h'! ·mf.lsnlt.udt! of the dry chQmiCtil Is
s ma Ll e r: t.h""n 6 kg/mln/sq.m. ,t.h,.~ elfeclivellfilss "f . i t. Is n~d\Jc~d.AJso,t.he
cUrves indicating lhe relat.ion between t.lle lent.h of t.he interval and t.lle
time taken to extinguish the ' fire . all show an extreme . va l ue , i . ~ . , nle re

is an optimum t.ime interval.If the dry chemical supply lnr,fgnitude Set.s
smaller;the opt.imum time interval becomes longer. c

B.Table 6 shows results of the fire fight.ing ' e xper i me n t ~ i t h ~he

combined agent. (dry chemical-foaml,with f"am first. s~r~yed ~t the fix~d
magnit.ude of 5 l/min/sq.m . and dry cllemical sprayed aft.er varying
int.ervals when the fire has been weake'n Lo a certain extent. (count.ed in
heat reduction rales) al lhe fixedmagnilude of 3 kg/min/sC/.m.

Table 6

foam supply maRnit.ude 5 l/min/sq.m . ..., ( ~; .... ,
"

Dry chemical supply magnit.Ilde 3kg/min/sq.m.
:

I

Int.erval 0 10 14 20 25 32 35
( sec. ) - -:

J

Time to 39.0 35.0 37.5 38.5 42.0 ';' 43 '.0 44.0
ex t i ngu ish
fire ( sec. )

" ., \ ' ,

Heat 0 20 30
~.'

50 65 80 90
radiation ~

reduction
(% ) - o! .... _.• I

from the above lable it can be seen a grealer effect.iveness is
achieved by fIrst. spraying .foam at. the fixed magnitude of 5 l/min/sq.m.
and t.hen spraying dry chemical al .the fixed magnitude of 3 kg/min/sq.m.
to be used in combination aft.er an interval of 20 seconds.(Heat.
radiation has been reduced by 50%.)

4. CONCLUS IONS fROtt COttB INED AGENT (DRY CHE~IICAL-fOMlI
fIRE FIGHTING . ANALOG TEST

(1) The use of dry chemical and foam in combination has a · greater
effectiveness and shortens greatly the time taken t.o ~xt.in8uisha tire
than u s i ng only t.he dry chemical or the f oa m,
(2) There are o~timum parameters for usi~g the combitied · agent (dry
chemical-foam) in fire fight.ing:
A. The order of t.heir use -- When t.he magnitude of the'~ry chemical is
smaller than 6 k~/min/sq.m. ~bet.ter result , can be achieved by spraying
foam first and lhen spraying dry chemical to be used in combination.
B. The optimum rna~nit.udes used in combinat.ion for fii~ .fight.ing are 3
kg/min/sq.m. dry chemical and 5 l/min/sC/.m. foam.
C. If f oa m is' sprayed first and dry chemical s pr.aved af"t.er an t n t er-va l v a
bet.t.er result can ' be achieved whell during t.he i n t e r-va I the heat.
rad i at. ion has a I ready been reduced by 50~.

(3) The 0.6 sq.m. s e t up used in t.he combined ag"~nt. ·.( d r y c h e mi c a Le-f oa mI
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fir~ fighting analog t~st is ~asy to operate,with stable pcrfarmatlce and
good data repflatability.
(4) The test. has a guiditlB s l an i f Lca nc e f o'r' the use of the combined
agent. (drychemical~faam) in extingui~hing oil fire itl a large area .
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