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THE USE OP DIlf~~ELlT AGENTS J.i'OR :m:ERTmG COHl!'nmn SPACES

by

D. Bird

In~roduction

Although foam is the mzd.n extinguishing agent used in fighting
aircraft crash fires, subsidiary agents are often carried to
extinguish fires in enciosed or obstructed spnces, such as engine
nacelles, where fomn cannot readily be applied. In ~ddition, such
agents are often required for rendering inert the atrnosphere \nthin
wing spaces, wher-e the rupture of fuel t anks or: fuel lines would
obherwi se give a ris!{ of explosion or, fire.

Carbon dioxide is the most'widely-used subsidiary agent, but dry
powders and chlorobrarromethane have been sU88ested as alternatives.
In this note, an eat Lmate is made of the relative values of the three
agents for inerting confined spaces, based upon available inforruation
of their properties.

Estimation 'of minimum wei~j~ of inerting D.£lents

Ass~nine that the agents can be uniforoly dist~ibuted throughout
the vol~~e, the minimwn weights of inertine agents are calculated as
follows:

Assume the wing volume to be inerted as V cu'rt #'area''(A1r t 2) x
height (h ft).

, "

Carbon dioxide

'The peale value for inertii:lg n-hexane/air mixtur-es = 28 per cent
00 2 by vo'L,

Y!eigh,t of CO2 required =0·28 V x,~ =
22·4 :ic 16

3.08 V

89·6
= o- 0344 V lb.

i

!Iunimwn weight of CO2 required for inerting = 0.0344 V lb.

Dry powder

, The m~jority of dry powders consist nainly 0:':' sodium bicarbonate
.and' althoUgh ,there is no inf9~tion available for n-hexane/air
mixtures Dolan and Dempster l1) give a figure of' 2.6 cm2/cc as the
peale .value f9r sodium bicarbonate for inerting methane/air mixtures.

V x 2.83 x 1~ x 2·6 VMi.nimum weight required = = 1.62 x 102 _ lb
S x 454 s

where'" S is the specific' surface of the powder (cm2/ gm) •

" ,'.'. s 'varies for commercial powders betwe~ll' 1~OO' c;;,2/Bm and 3500 cm2/ gtll
giving a variation in the weight required from 0·148 V lb - 0·046 V lb~

This weight of powder must be kept dispersed. in the volwue and
since, the powder.settles out it mus~' be continuous~ replenished to
maint'ain this concentration. If it' is: aasumed that the powder is always
uniformly dispersed in the vo Iurne, 'then by considering the settling
velocity of the pow¢ier an approximation ,to the rate of replenishment
required can be made. The powder Hillho~/ever.be injected at velocities
well above the settling ve Locdcy and this can only be an approximation.

. ,Tab'le 1 shows the particle size distribution of a dry powder of
specific' surface 1100 cm2/81n, and the settlins velocities of the
different fractions.
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Table 1

~__6"'''__ ----1

16· 2
25·2
34·3 '
24'3

3
1L:_
30
45

----- - ... _.~"""---------'-~--"-'-- ._"I

Particle size 'perc~nt byll Per-cenb by l'l'en:linal veloc~ty
" " \7eJ.eht urea ,cu/sec

I 1;~g --+--,----- -----~, -- _._-_.

I 20-:-40,
I >40

If the concentration is ~~ntained at 2.6 co2/ se c , then the mnowlt
settling per lli1it .time is

·'t.·

.A x 0·157 x 2.6 x 0.1~2 + A x 1'4 x 2.6 x 0.252 + A x 5·6 x 2.6 x
o· 343. '+ A X 1? 5 x 2· 6 x 0.243 cn2/sec '

• •• ~ ,t .' ••• ••

i

= 2·6 A (0.025, + 0'353 + 1·92 + 3·77)

::: 2· 6 A x 6.068

-If the Sellter nean particle dia6eter (ds ) is used in calculating the
rate of settling, then ,for ds = 26}A (corre~ponditig 'to above powder)
the teniunal velocity is 4'25 cq/sec and the amount settliU3 per unit
tirne is

The rate of settling will decrease in" time as the particle size
.distribution of the suspended particles Chfu13cS due to the rapid
settline; of the heavier fractions. 'The rate of rcplenisl!':.Lo-;rt
required will therefore be calculated using the Sauter mean particle
diameter. -,

The rate of re p l e nd.shreuL required to waintain a copcentration
of.2·6 cm2/sec in the wing is

, .

Powder A.S. = 1100 c~2/~n _ 11.A.
1100

I

.gm/sec = !12S-930 A ::: 0.02 A'lb/sec
". ,11.00 x 454

"'. , wher-e .A I - area in square feet.
-

Powder B-_..~-

S :: 3,500 CI.12/ gm (ds = 8 )..;. ~ettline'vt)locitJr 001:_ cm/sec

Atx 0'4 x 2.,:.2J•..2iO Ib/aec". ~ 5015 x 10:"4 At Ib/sep•
. 3500x 1~54

.. ChJoroprouoDethane
. '.

'rhe"· peale vaiue forinerting n-hexane/n.ir mixtures ='6·4 per cent CE. t.>
by volume, ',{eight of CB. vapour' required: '

.:= ·O~O@l:. V'x -1~.Q_ Ib =0.0231" V lb•
. ', 22'4, x 1-6

J.:' ..... ," I

. ,

Assuming·that the CB. "411 be .applied in the. form of a spray
vaporization CI.'.lT take' place either fran -the ,::eHed' surface of the
\7ing or r'rom the spray.

, .
" .
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. YQ.P2ri_~~~l..o}l. f rom we~ted. s_U!!ace,

':iade (2) gives for the rate of evapor'aui.on E am/sec from a aurf'ace
8· 9 em square

hi - molecular weight - 130 for CB.
v - tangential velocity of air stremn (en/sec), ~lthough the·

entrdned air velocity in the spra;y will.l;ie of the order
10 ft/sec the tane;ential velocity over the fnirlJr large
area of wing surf'ace ulrich is lil~ely to be \7~t·J.:ed will be
appreciably less than this and v is assumed to be
100 em/sec.

pe - vapour pressure of the liquid (my,} of mer-cury) 1.13 mm at 6oO"J.:'.
pn - partial vaporization pressure of liCluid in incident n.ir

stream - asswned = 0. '

It has been suggested that the rate of evaporation depends on L1•5,

Ii' an area 1 ft square of the ID.l1g is Hetted

E = lL.!.. 2Q:.2.)1. 5
.... 8·9

=13/ 2 x 0.187 em/sec•

A reasonable wetted ar-ea is 15 f't squs.r-e and this would Bive a value
of E =10·4 Buylsec.

Considering a vane volUwe of 750 cu ft - 17.3 Ib of CD. must be
vaporized and this would ta1:e a T,linimlU:l of 13 udnutea - since pa was
assumed =0

Vaporization from sp~,

:Mass ·transfer rate~ :from u. spray of CD. can be predicted from
the heat transfer data ~3).

m h
4. = . I

n2/3 108(1 + B) C~0(2/3

m - l~ass of componeDt tr&Jsferred/unit are~unit time.
h - heat transfer coeffioient.
~- specific heat of gas at. conatnrrb pressure,
Q( - theI"aal diffusivity.· ..'
j) - moleculcr diffusion coefficient•.
B mass tr,msfer number. .

where B =roB - rns and m is the fractional ~ss cOncentration,
ms - 1 thesU:fices 8 and s referrin~p; to the gas

[-.TId the surface.

. . Let us £',ssurae"t~t CD ~ssprayed into the \ling of an aircraft of
"vollllne"750 cu ft, at a rate of 11• Bal1on~/i,!in and nozzle pressure of
190 P. s, i. r...nd that· the. s~e.y· tr9-v€!ls 3 ft before. imp:!-neing on the inner
surface of the \ring. ~rhe·.::voloci~y·at the 116/~zle \'iill .be upproximately
120 ft/sec .and Di'ter travelling 3 ft, 'a?pr~xilaa.tely 50 ft/sec. A mean
velocity of 85 tt/sec Hill be assumed. . :. .

The vapour, pressure of GB. at 16°c = 2.2 p.e.i.
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The concentration of CB. required in the volw"e id 6·4 per cent and nlg
will be assumed at 3 per cent in calculating t he uaas transfer number , J,
Assuming, the t.emper-abure of the surface is equal '~o the ambient
tempern.ture

then ms = o· 475 mg = 00137

B ~ 0.338 = 0.64
0'525

Cp= 0.24
« = o·225 '
]) = assumed equal to 0.1 no data availcble for CB
Re = is)< 30..lt .:t ~ 10'1 )( '0911 "-'7 310.

I" J( 10'"

~Tom the correlations given this is equivalent to Nu =11.

Thus h9:.,;, 11
K

h= "Ii x 6 x lO-.r
2 x 10-2

m = 0·039 p,Tn/cr.Ns~

Specific surface of spray (20~=ds) = 158 cm2/ gm.

Rate of vaporization =6.15,gm!pB!se9.

,The latent heat of vaporization of CB. at 16°0 is approximate~

53 cal/gn.

then heat transfer rate =0'039 x 53 cal/cm2/sec
= h x g - (g is bempez-ature difference

between surface and air)

.'

•• • g =0.039 x 53' 550C
0.033 ';::1 •

It cannot therefore be aSSUI.1ed that the surface temperature is the
some as the ambient temperature.

A reasonable value of m can be found by successive' approximations
such that ing x 53 = II x g.

~his equation can be satisfied by a vaLue of

m =0'012 gr.1/cr.l2/sec

and g = 19°0 (i.e. the surface, o~ the drops are asslli"ed at -300) •
•

for
TDY.:ing this value of m giv&s

drops of 200 f diameter. '
a vaporization rate of t-, 9 gr.1/gm/sec
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.. .... " "If C13., Js .aprayed at.:Agal/min ii1tq ~the .,d,nS,J,hc- maas of .CR•.

presen~. 8-t.~:'~,llle ,~~ .~/r~ 1~~>; ..,lt~ x.et: ~ranr~ ~. ?o.,g~runs~, ",

,G;i.vlng .I). ,r'lte of vaporization of appr-oxirnateIy 38' grams/sec. '·,1111.f S'
t?ge~h~r with ,vaporization' frora the wet'i;ed surf'ace of· tl~' wing of ,"
-ICrgrE'm3/l:le:c' gives"a total'vr,porization rate of aJ 'j;ler ce'n'~.' ". .\. .

~ .1.~ '•• :: • '.' • '.' '. •>' .' •

. ''"At' thi~ /rate it ,,,-,ould" talee approxaniatel;)' ~1. mi.nut.ea .~ 0" vaporize ,.
~he, 17· 3 lb: of CB. r equar-ed to give a concentration of 6'-4: peJ;" cent -,
J.n· a vo'luue: of· 750 ft). . , . . ,. . . .. " .

Comporison of re9luiremeuts of different cgents
.....

Oonsdder' the tote.l volwne of a \ling as 1500 cu ft (50.,f't x'15' ft x
.,2 f.'t) half of, which is tclcen Lip by obsbructaous , such as petrol tah1cs,

, "Leavdng. a volume to be inerted of 750 cu ft (SO ft x 7-~' tt·x 2 ft). If
'it is asswned that there are no losses of agent through ve~~ilation spaces

- 'and that the agents a.re"uniformly'distributed,throuGhout·the vo.Iume , the il
anount s required ccn be calculated. I In 'l'::'.ble 2 the following requirements
are asaumed - - : .,

C~bon d~xide 1:iinimUlil' weight required =0: 0344 V lb.

'~_'p'o~'!9~L- ·!;I.i~i~um '\1ei~llt' r~~~r~d ="I: 62 'x '.!.02V lb
S

" . \

'Rate of repl~nishment

,.

(s = 1.160 cm2/ gm) = 0.02 A' 'lb/s~\c,: .'.;

(S =' 3500 cm2/2m) = 5.15 x '10-'4 J\" ~b/sec'
'j"""

.' '.: (3). 9hlorobromo:,let~~,,!e'- "l,Iinimttm weie;ht requir~ =O.0231-,~..'Lb
0# ,1'

, I

8 per .cerrt,' is vaporized. .......

......!
.~ .
.'

',J

. . -- .' -- --_...._--.-~..... _.__.. ,.._- .......-.....- ..
" ~ ..

" .. ., .'

~!eight· to be dispersed Total ueight used in '1'0 t a.l weight

AGmT in vo.lume of 750 eu ft ·,inerting wing for r equi.red in
, , .. .. , Jib) ..'. 5 ninutes in~rting ning,.

:"1 (1'0)" " for 10 mimrtes!
..

" , J. : , '
.. .. , .<,' ,

" .-_._--
,. , ..

'. i "
,. . ;

: : " ; :.. ..
.- ' . ,\.' '.

CO2 " j .. ?5 " .. 25 .. : 25. ' .

"
.' , ,. : " - ..~._-._._- ..._....

,.
,

DRY FU,IDER , 11 1 ! :4,600. I ". -.- .. . , : " .' .' f

Specific surface
,- .

.. .
;

1 100 crl.l2/ f!J.l , " "
.. '. .. :'. \,', ., . ... . ' ..

: i
t

._----.
'"

., : . ..
t

DRY roWDER· j5 151
, 267, I ., ~ I. :.' , .. . ..

Specific surface ,
3,500\c~?/8m : .. - :'

:
l ,.

~--_._- - --: .. -, ., , , : :, .. -, ,. ... :

CB~
, - . ..

210 21017 :

"

i·" : : " ..
---"- " - . . __._._~_____n--..J

.: The agents will pr-esumab.ly be o.pplied tit one point 'in the wing
and: they must diffuse .past obstructions to inert the \l~lole wing volume.
The :mechanism will be thn:t of eddy d if'f'uai.on rather than uo LecuLar­
d-iffusion 'and :d:B~' and' 'carbon 'dioxide can ·~herefare becons'{de're'd 't"o ­
spr-ead similarly throughout. .the. vo'Iume •. A cloud: of' dry' powder- .will, not
diff,use' as :readily as. SODe powder' ,,(ill settle on~the:'obstrUctions"~ '£his
makes dry powder an even less attractive agent for, this purpose. '\ ,_

I ,', ".
" .~ : ". .

i, .. 2 _ I • :' j • .: • i ••
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Ar,l~ient t empcrubures of 1.1.6~C wer-e aasuned in ~~~.a oC'.lculations on
-the rat':) 'of vllpori:zatioi.l ~f';'6B:;f"'rhe VD.pOIJr I'~'~'<::H::~,P,(': of en. e..t this
teD.perfL'~t..l:Cp. is 2.2 p. 8"i.· At .Lower- tewparatU:tFC t~~: 'v apouz- pressure
is 10w81:- and the rate of vaporization \li11 consequently be loner.

, .'
Conclusions

'ThB rel~tive efficiencies of three mertins agents have been
consi.der'ed, In t erras of the Ylei~ht of agent r-cquar-ed 'co ensure that
an aircr?;-f't wing spece is kept Lner-ted for a considerable ~ciT:le, car-bon
dioxide' appear's to be much r,lor'e efficient them dry powder' nnd
chrorobrcnomethane. '.1:he wei~;ht of e qudpnerrt necessary for the three
Lner-td.ng agents will vary conaader-ably beinG greatest :for car-bon dioxide.
~his as well us the toxicit~T'of;the agents his n6~ been considered but
wou1.d hRve some bearing on. the ~hoice of agent. A nwnber of assumptions
have been U1ade'in the calculations and SOine experimental verification

'would be des~able.

" (1) Dolan, J. E. and Denpster, P. G. The suppression of uethane-rdz-
ignition by fine powders. J.J.~~J?jJ .-.f~i2.' 1955, 2. 510-17.

( 2) s. H. \ii'.de. Evaporation of' liquids in currents of n1r.
Ins.t.. o~ik.}:n&;~ Vol. 20. 1942.

(3) 'D.' B. Spalding. Sane fundamentals of combustion. :Cu-c'~er\1orths

-Scientific fublications. London, '1955.
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