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THE USE OF DIFFFREIT AGENTS FOR IIERTING CONPIVED SPACES

by

D. Hird

Introducﬁidh

Although foam is the mzain extinguishing agent used in ;1ght1ng
alrcraft crash fires, subsidiary agents are often carried to
extinguish fires in enolosed or obstructed spaces, such as engine
nacelles, where foem cannot readily be applied., In addition, such
agents are of'ten required for rendering inert the atmosphere within
wing spaces, where the rupture of fuel tanlks or fuel lines would
otherrise give a risk of explosion or fire,

Carbon dioxide is the most widely-used subsidiary agent, but dry
powders and chlorobronomethane have been suggested as alternatives,
In this note, an estimate is made of the relative values of the three
agents for inerting confined spaces, based upon available information
of their properties,

Estimation of minimum weights of inerting agents

Assuming that the agents can be uniformly distributed throughout
the volume, the minimun weights of inerting agents are calculated as

" follows:

Assume the wing volume to be inerted as V cu 'ft = area '(A1f‘c2) x
| height (h f£t), o -

Carbon dioxide

‘The peak value for inerting n-hexane/air mixtures = 28 per cent
COp by vol

Veight of CO, required = 028V XMt - 3208V _ 0.0314 V In,
22:4 x 16 89- 6

iinimum weight of COy required for inerting = 0.0344 V Ib,

' EEE Eowder

The majority of dry powders consist mainly of sodium bicarbonate

-',and although ‘there is mo 1nf?rTation available for n-hexane/air

mixtures Dolan and Dempster give a figure of 2.6 cm /cc as the

. pea& value for sodlun bicarbonate for inerting methane/air mixtures,

Vv x 2.83 x 104 x 2.6
S x 454

Minimum weight required = = 1.62 x 102 L 1b
) . g

wﬂefé" S is the specific'surface of the powder {(em2/em).

;;S varies for commercial powders between’ 1100 cmz/gn and 3500. cm2/pm

giving a variation in the weight required from O+148 V 1b - 0-046 V 1b,

This weight of powder must be lcept dispersed in the volume and
since, the powder .settles out it musv be continuously replenished to
maintain this coricentration, If 1t ig’ assumed that the powder is always
uniformly dispersed in the volume, then by considering the settling
velocity of the powder an approx1nat10n to the rate of replenishmnent
required can be made, The powder will however be injected at velocities
well above the settling velocity and this can ohly be an approximation,

_Tgblé 1 shows ‘the partlcle size dlSurlbutlon of a dry powder of
BpeleiC surface 1100 an /gm, and the settllnr velooltles of the
different fractions,



Table 1.

Particle size | Percent by | Fercent by | Yerminal velocity
- Y : weight area : cry/sec
0-10 . 3 16+2 0157 (5p
10-20 15 252 1ol 15 p
20-40 | K 338 343 546 op
> i L5 ‘ 243 155 50

If the concentration is maintained at 2.6 cn?/ sec, then the amount
settling per unit time is

_Axo157x26x0162+ﬁ.x14x26x0252+nx56x26x
0343+Ax155x26x021|.3 cn/sec .

Cerem s W omw

2-6 A (0.025 + 0353 + 1. 92 +3:77)

O 1}

2-6 Ax 6-068

1547 A an?/sec (A - a:r:ea"_;cmz).

-If the Sauter mean particle diameter (dg) is used in calculating the
rate of settling, then for dg = 26 (corresponding to above powder)
the terminel velocity is 4*25 an/séc and the amount settling per unit
time is

L

A x Le25 x 246 cm2/sec > 11 A cn?/sec.

The rate of settling will decrease in time as the particle size
.distribution of the suspended particles channes due {o the rapid
settling ol the heavier fractions, ' The rate of replenisivicut
required will thererfore be calculated using the Sauter nmean particle
diameter, .

The rate of replenishrent required to mzintain a concentr'\.tion
of 2 6 cn?/sec in the wing is

Powder A.s = 1100 cn2/gm - LA, gm/sec (1x 930 A' = 0.02 A'Ib/sece
1100 - . 100 x 454 '

" vhere A' - areca in square feet,

e e ® - et

S =3, 500 one/gm (dg = 8 ) = settling velocity O-L cw/sec

RO 263950 1n/sco 5 515 x 07 A
- 350Dx L5l lb/sec\ ) 5,15}~ 07% A l'b/se‘c.

A Qﬁl'.l_j,oro‘bz'?dmonethane

‘The pea.c va.ue for mertmg 11-hekane/ 'ur mixtures = 6+4 per cent CB,

by volume, ‘jeight of CB, vapour requlred '
- 0 064.1_1..150 1b = 0.0231°V 1b,
22+ b x 16 : :

‘.." '.|.-

Assuﬁing that t}ie CB, will be applled in the. form of a spray
vaporization con take place elther from t.L‘l“ vvetted’ surface of the
wing or fron the spray. :

. '."f .

-



Vaporization from wetted surface

L3

vade (2) gives for the rate of eveporaiion E gu/sec from a surface

8:9 em square

=
1

= 10-7 MO-?" £-9'81o-0-0-i1v (pe _ Pa)1'25 + 1'57\?0.85 (Pe - Pa)J

W - molecular weight - 130 for CB,

v - tangential velocity of air stream (cm/sec), Although the.
entreined air velocity in the spray will be oL‘Lhe order
10 ft/sec the tangential velocity over the fairly large
area of wing surface which is likely to be wetted will be
apnre01ab1y less than this and v is assumed $o be

100 cm/sec,
pe - vapour pressure of the liquid (nl of nercury) 1.13 mm &% 6097 .
pa - partial vaporization pressure of licuid in incident air

stresm - assumed = O,
It has been suggested that the rate ol evaporation dépends on L'*5,

I an arca L £t square of the wing is wetted

=
!

_(Lox 30.5y1.5 1. ...
gt

L3/2 x 0v187 g/ sec,

it

A reasonable wetted area is 15 £t squere and this nould give a value
of E 104 gny'sec,

Cons idering a wing volu@e of 750 cu ft - 17.3 1b of CB, must be
vaporized and this would take a nminimum of 13 mlnutes - since pa was
assuned = O .

Vaporization from spray .

lags transfer ratef grom o spray of CBD, cuin be predictied from
the heat transfer data o o '

m h
D2/3 1og(1 +38) Cpol/>

nass of component transferred/unit ares/unit time,
heat transfer coefTicient,

gpecific heat of gas at. constnnt pressure,

thermeal diffusivity.

moleculer diffusion coefficient, -

nass trensfer number,

u’E7$l§§s'a-
]

Where B = B8~ W8 and m is the fractional mass concentration,
ms -~ 1 the suffices g and s referring to the pas
and the surface, ' :

Let us nssume that CB is. Spraycd into the wing of an aircraft of

"volame 750 cu it at a rate of & gallong/nln cnd nozzle pressure of
100 p.s.i, and thet the sprey travels 3 £ before impinpging on the imner

surface of the wing, Thervélocity at the HOAZ1C vill be approxlmately
120 ft/sec and cfter travelling 3 ft, aaproxlnately 50 ft/sec. A mesn
velocity of 85 ft/sec will be assuned

The vapour pressure of CB, at 16°C = 2.2 p,s.i.
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The concentration ol CB. required in the volune is 6.4 per cent and mg

will be asswied at 3 per cent in calculating th2 uess transfer number, 4
Assuming. the temperature of the surface is equal to the ambient

temperature

then ms = 0475 g = 0137

M

B = 0:338 _ 0- 6l
0.525

. Cp 0. 24
= 0-225
]) = assumed equal to O 1 no data available for CB
Re = 85 530 x2%10°% X001} ~ 310,
8 x 107

From the correlations given this is equivalent to Ifu = 11,

Thus hd - 11
K

h = 1 x6x 10‘5. = 0033 cal/cn?/sec/0C -

2 x 102
o 0:033 (0-1)%/3 1op(1.64)
0. 2. {0.225)2/3
?
- 0:033 x 0.-2156 x 0.4950 ,
0. 2417 x 0+ 3709 .
= 0.039 p;n/cmg[sec . ;
Specific surface of spray (209!1:&5) = 158 cn/gm.
- Rate of vaporization = 6-15. pm/on S6C.
The latent heat of vaporization of CB, at 16°C is opproximately
53 cal/gn, .
then heat trensfer rate = 0.039 x 53 cal/em2/sec
= hx 6 - (0 is teuperature difference
_ between surface and air)
e 605 Q09 x 53 550
0-033 ‘
It ca.nﬁot therefore be assumed that the suriace temperature is the
same as the ambient temperature,

A I:easpnable value of w con be found by ‘successive-approxim&‘tions
such that mg x 53 = h x 6, .
This equation can be satisfied by a vzlue of A

B o= 0°012 gn/en®/sec .-
and @ = 19°C (i,e, the surface oﬁ the drops are essumed at -3°C),

Tolting this value of m- glves a vaporization rate of 1. 9 gr/gm/sec ) ]

for drops oI‘ 200 };. dlameter.
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I CB. 'is aprayed atjh‘gal/nin inhto the wing . the mass of C3B,

Mlz;l;esen"b at any time is 4 X ‘l% X )_,,5._ x
Lo P L a O

.Giving o rate of vaporigation of approx1nately 38" grmns/sec
together ‘with vaporlzatlon from the wetted our;oce of-

85;

..4?_ nrTaris

2

zz 20 grams,

Wi’

the w:_ng o_._

IO granu/bﬁc plves gy total vcporlaatlon rate of 80 per cenu

A% this! rate 1t would: xake approxlnatelv 2% minutes bo vaporlze o
the 17 .3 1b of CB, regulred to give a concentrat¢on of 6. 4 per cent

in-a voluue' of: 750 £t

Compurlson oL‘regglrements of different ugeﬁts

x| L0

" leaving.a volume to be inerted of 750 cu Tt ()O £t x F £
it is assumed that there are no losses of agent through ventilation spaces

--and that the agents are-uniformly-distributed throughout: the volune, the
anounts required cecn be calculated. ! In foble 2 the following requlrements

are assuned -
" (1) Carbon dloxlde - linimum welght requlred

(2) ng‘powder ~- iinimwn welght required =

Rete of replinishment (s

( ). Chlorobromonethane - ;hnlnun welght requlred O

'
i

"

]

1100 em?/gm)

5500 cmz/om)

3

=515x10-1+

8 per ceﬂu is vaporlzed

- Table 2

4 ..

Con31der the total volume of o wing as 1500 cu £t (50 6 x 15 Ft x

.2 ‘t) half of. which is taken up by obstrucu¢ons such as petrol tanks,

x 2 £t), e

o 0344 V 1,
1.62 x 10%V 14,

o 02 At 1b/.aec

A' lb/sec

-0231,*{ b

N - : T
feight” to be dispersed $otal walght used in Total weight
AGENT in volume-of 750 cu £t 1nert1ng wing for : |' required in
S T () & - 5 ninutes - - inerting wing
S e (lb) - for 10 mihutes
0y s 25 . . .25 25,
IRY FO.DIR |, EEE /.y, 600. | ¥ -
Specific surfacd @ - : e -
1,100 cmz/gp 1 ONEL
IRY FOYDER. 35 151 - 267
Specifiec surface .
3, 50010‘1 /r» ;
-'osi" R 210 210

The agents w111 presunebly be applled at one p01nt din the wing
and’ they must dlffuse past obstructlons to inert the whole wing voluae,

spread slmllarly throughout the. volune.
diffuse as'readily as some powder will setitle on.the obstructions:

u31on rather than nolecular

A cloud o: dry povider .will.not -

This

makes dry powder an even less ottr}ctlve agent for this purpose, -i.

b
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Ambient temperatures. of 16 'C were assumed in the uolculatlons on
-the rate of wmmmmtmao;CB The vepour prsascare of GB. at this
tenperatuce is 2.2 p,s,i,” At .lower temperaturec the vapour pressure
is lower and the rate ol vaporlzatlon will consequently be lower,

- Gonclusions
‘The relative efficiencies of three inerting ageats have been
considersd. In terms of the weisht of apent required to ensure that
an aircraft wing space is kept inerted for a considerable time, corbon
- dioxide appears o be much moré efficient thén dry powder and
chlorobromomethane., ‘“'he weicht of equipient necessary {or the three
inerting agents will vaory con31derebly being greqtest for carvon dioxide.
This as well as the toxicity of:the agents his not been considered but
would have some bearing on. the choice of agent, /A number of assumptions
have been made in the calculatlons and sone experlnental verification
‘would be desirable.
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