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Introduction

Powder compounds of special purpose are the most
efficient and safe means of extinguishing of free-
burning metals hydrides.

In Russia at ‘Ecokhimmash’ works in the city of
Buy, Kostroma Region, a PHK fire-extinguishing
agent of special purpose is produced. It is designed
to extinguish class B fires (highly flammable
liquids, combustible liquids), class C fires
(combustible gases), class D fires (metals, metal
hydrides, metal - organic compounds), class E fires
(electrical equipment).

When a powder agent is discharged on the surface
of the burning metal hydride (AlH3;, NbH,, TaH,,
LiH, lithium aluminum hydride (LAH), sodium
aluminum hydride (SAH) and so on) an effect of
‘boiling” of the surface layer of the fire-
extinguishing powder is observed caused by
hydrogen evolution during hydride decomposition.
Hydrogen flow prevents access of air to the metal
hydride fire seat thus stimulating its extinguishing.
The fire-extinguishing powder role is minimized to
the reduction of the convective flow of air to the
surface of burning metal hydride and to the
additional cooling.

When powder compounds are used as means to
extinguish the burning metal hydrides a problem of
this method safety and possible “flaps” and
explosions of the hydrogen evolved arises.

Results and Discussion

The possibility of safe elimination of hydrogen
under conditions of natural convection has been
analyzed by the determination of such ratio of air
and hydrogen flows which gives non-explosion
hazardous mixture of gases.

Mass air flow under conditions of free convection
has been determined by the empirical equations of
mass transfer and diffusion /1/
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J=a,-Ap (1)
where ap is mass transfer coefficient, ms™;
Ap is difference between densities of air and
hydrogen, kg m™.
Mass transfer coefficient is determined through the
Nusselt number and diffusion coefficient for binary
air-hydrogen mixture by the following equation:

Nu,D
a =212 (3
then
Nu,D
——Dl 2 “Ap (3)

where d is specific size, m.

Diffusion coefficient of  binary air-hydrogen
mixture Dj, at temperature T=273K and normal
atmospheric pressure has been calculated by the
formula given in /2/

bo- 6,234-[(M, +28,97)/M,]"*
P (o, +3711p Q0

“)

where

M is molecular weight of hydrogen, kg mole-1;

Q is collision integral;

oy is power constant of Lennard-Jones potential
for hydrogen, m.

Collision integral is a function of the second power
constant /K of Lennard-Jones potential, where

_512/1( ©)
Q=7(T) ©

Value of g1,/K for binary mixture is determined as
a geometrical mean of &K values for individual
mixture components:

£ 8

&Ll K= KK

(7



&, K =4/59,7-78,6 =68,5;
- 273,15
68,5

Having determined the value of Q =0,8836 by the
Table from work /1/, it is possible to find diffusion
coefficient Dy, =66,49 - 10° m’s”. By substituting
for the obtained diffusion coefficient and the
Nusselt number values for gases (Nu=10919,3) in
equation (3) one can find the value of the mass air
flow for the conditions of free convection which
occurs due to the difference in hydrogen and air
densities.
=795 10° kgm’s” or Vg =6,16- 10°m* m’s’
According to the explosion safety requirements the
hydrogen concentration in hydrogen —air mixture
shall not exceed 2% vol. so the specific rate of
hydrogen evolution per square meter per second
shall not exceed the following value:
Vip=0,02Vg=12-10"m> m?s"
Experimental check consisted in the creation of
the uniform hydrogen flow with flow rate from
1,5-10° t0 3- 10° m *- m™s™ through the surface
with an area of ~0,5-3,0 m®. At the distance of 0,05
m from the surface there was located a spark
discharger used to ignite the hydrogen evolved. It
is established that at the specific hydrogen flow
from the surface of less than 1,5- 10° m * - m?s™ it
was impossible to ignite hydrogen, neither flaps
nor explosions were observed. However, at the
flow rate of ? 3- 10° m ° - m? a sustained

=3,98

-1
m”s
combustion of hydrogen occurred also without
flaps or explosions. It should be taken into account
that under real conditions the evolved hydrogen
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temperature will be rather high at least 300 — 500°
C. As aresult the convective flows of the heated
air will appear. This factor will additionally
increase the limit safe value of the specific flow of
hydrogen.

There have been also determined experimentally
maximal values of sustained mass rates of
combustion of metals and their hydrides
(aluminum hydride, lithium  hydride, lithium
aluminum hydride, sodium aluminum hydride) and
respectively specific rate of hydrogen evolved at
the moment of PHK powder fire-extinguishing
agent discharge. The specific rate of hydrogen
fluctuates from 1 - 10°to 4 - 10° m - m?s™.

Conclusions

It is shown that maximal rate of hydrogen
evolution can reach a critical value only at
extinguishing of aluminum hydride and it
approaches the critical value at extinguishing of
lithium hydride. Time of hydrogen evolution rate
decrease to the value less than the critical one
after the beginning of extinguishing depends on
the size of the fire seat and does not exceed 2-3
min.
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BBenenne

[opomkoBbIe COCTaBBI CHENHMATEHOTO
Ha3HAYeHUs SABJIAIOTCS Hanboee 3 eKTUBHBIMA
1 0€30TaCHBIMU CPEICTBAMU TYIICHUS CBOOOIHO
TOPSIINX TUAPUIOB METAILIOB.

B Poccuu Ha npennpustun
«Oxoxummain» B r.bye Koctpomckoii obmactu
HaJTAKEHO TPOMBIIIIIEHHOE TIPOU3BOJICTBO
OTHETYIIAIIETO TTOPOIIIKA CIIeIUATEHOTO
HazHaueHus Mapku [IXK, npeanaznaueHHoro st
JTUKBUAANNN T0xkapoB kinacco B (JIBX, [K), C
(roproume rasser), /| (MeTamIbI, THIPUIBI
METaJJIOB, METaJUIOOpTraHuka), E
(3MEKTPOYCTaHOBKH).

[Ipu momaye MOPOIIKOBOTO COCTaBa Ha
MTOBEPXHOCTH ropsiero ruapuna meramia (AlHs;,
NbH,, TaH,, LiH, autuiiantoMmuauiiruapuia
(JIAT), marpwuitamromunmiiruapuna (HAT) u T.1.)
HabOmoaaeTcs 3PPEKT KKUITCHUSD
MTOBEPXHOCTHOTO CJIOSI OTHETYIIAIIETO MOPOIIKa,
00yCIIOBIIEHHOTO BEIICJICHHEM BOJIOPO/Ia,
o0pa3yroierocs py pasioxeHun ruapuna. [Ipu
ATOM MOTOK BOJIOPO/Ia PEMSATCTBYET HOCTYITY
BO3/yXa B O4ar rOpeHus TUApUIa MeTallla 1
TaKuM 00pa3oM CIOCOOCTBYET €ro TYIICHHUIO.
Pounb orHeTymamero moporika npu TymeHu:
CBOJIUTCS K OTPAaHUYEHUIO0 KOHBEKTHBHOTO TIOTOKA
BO3/yXa K TIOBEPXHOCTHU TOPSIIETO THAPUIA
MeTalljla U AOTIOJTHUTEIHLHOMY TEIUIOChEMY .

[Ipu ncronp30BaHUH MTOPOIIKOBBIX
COCTaBOB B KaUECTBE OIHETYIIAIIETO CPECTBA
TOPSIIEro THAPU/IA METalla BOSHUKAET BOIIPOC
0€30I1aCHOCTH 3TOTO METO/1a TYIICHUS U
BO3MOKHOCTH «XJIOIIKOB» U B3PHIBOB
BBIJICIISIFOIIIETOCST BOJIOPO/IA.

Pe3yabTaTthl 1 00cy:KIeHUe

Bo3moxHOCTH 6€3011acHOTrO yJaneHUs
BOJIOPOJIa B YCJIOBUSIX €CTECTBEHHON KOHBEKIMH
IIPOBOJMJIN, OLIEHUBAsA COOTHOLIEHNE IIOTOKOB
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BO3/lyXa M BOJOPOA, IPU KOTOPOM
00pazyroasicst cMech I'a30B HEB3PBIBOOTIACHA.

MaccoBplii IOTOK BO3JyXa sl yCIOBHU
CcBOOOIHOM KOHBEKLIMHU onpeaesIn j1(0)
SMIUPUYECKUM YPaBHEHUSM MAcCCOIEPEHOCa U
muddys3uu [1]

j=ay-Ap (1)

e Op - K03 UIHEHT MacconepeHoca, Mc ™ ;
Ap - pa3sHOCTh IUIOTHOCTEH BO3AyXa U
BOAOPOAA, KT M.

Koaddumment MaccormepeHoca
omnpenengercss 4vepe3 kpurepuid Hyccenbra u
ko3 umuenT auddy3un I OMHAPHON CMECH
BO3IYX-BOJOPOJ 10 (hopMyIie

Nu,D,,
=——= 2
ap y )
TorIa
j= NuyDyy -Ap (3)
d
rze d- xapakTepHbIi pa3mep, M.
Koadpdumment muddy3un  OunapHou

cMecH BO3AyX-Bojopona D;, mpu TemmepaTtype
T=273K u HOpManbHOM aTMOC(EPHOM JAaBICHUH
BBIUUCISUIM 10 (opMmyse, TNPHUBEACHHOW B
pabote [2]

bo- 6,234 -[(M, +28,97)/M,]"
P (o, +37110 Q0

M — MOJIeKyIISApHbIif BEC BOAOPOAA, KIMOJIb ;

(4), tme

Q- HMHTETpal CTOJIKHOBCHUA,
Onp; — CHIOBas TOCTOSHHAs — MOTEHIMAala
Jlennapna —JI>xoHca st
BOJIOpOAA, M
Nurerpan CTOJIKHOBEHUI SIBJISIETCA

(dbyHKIIMEH BTOpOH cuioBoW mocTostHHON &/K
noteHnuana Jlennapaa -/IxoHca, rue



. T
T =—— (9
&, K
Q=/(T) (6
Benmnunna €,/K nmns OwHapHO#W cMecu
KOMIIOHCHTOB ~ OMNpEICNseTcss  Kak  CpeaHee

T€OMCTPUUYCCKOC BCINYUH e/K JJI1 OTACIBHBIX
KOMIIOHCHTOB CMCCH:

& &€
&,/ K= ?EZ (7
&,/ K =4/59,7-78,6 =68,5;
T = @ =398
68,5

Ompenenu 1o Tabmure paboter /1/
sHadyenne 2 = 0,8836, Haxoamm 3HadeHnue Dy, =
66,49-10° m’c!'.  Tlomcraensis  HalieHHble
3Ha4YeHUs Kod(pPunueHTa TudPy3un U Kputepus
Hyccensra msa razoB (Nu =1019,3) B dopmyny
(3), HaxoguM 3HAYCHHWE MAacCCOBOTO ITOTOKa
BO3JyXa JUIS YCIOBHH CBOOOJHOW KOHBEKIIHH,
BO3HHUKAIONICH 3a CYET pa3HOCTU IUIOTHOCTEH
BOJZIOPOJIa U BO3AyXa

js = 7,95 107, kr Mm2c! wm V, = 6,16
107 v m2 !

C yderoM TpeOoBaHM oOeCIICUCHIS
B3pPBIBOOE30IMACHOCTH COJEpKaHWE BOAOpPOAa B
BOAOPOAOBO3AYIIHOW  CMecH  HE  JIOJDKHO
mpeBbIaTh 2 % 00, TOITOMY yAeTbHAs CKOPOCTh
BBICTICHHS BOJOpPO/Aa C OJHOTO KBaJApPATHOTO
MeTpa B CEKyHIy He [OJDKHa IIPEBHIIIATh
3HAYCHUS

Vi, = 0,02 V, =1,2-107 M m™¢”!

OKcIIepUMEHTalIbHasE POBEPKa  3aKIIIO-
Yajach B TOM, YTO Yepe3 MOBEPXHOCTh IUIOLIA b0
~0,5-3,0 M> CcO37aBaTH PABHOMEPHBIA IOTOK
BOZOpOa ¢ pacxomoM ot 1,5-107 o 3-107 m*-m

¢!, Ha paccrosaun 0,05 M OT NOBEPXHOCTH

pa3MeInan  MCKPOBOM  paspsiHHUK, KOTOPBIM
IO KUT AN BBLICTISIOIIHNNCS BOJIOPOJ.
YCTaHOBIEHO, UYTO TIPH YyAEIHHOM IIOTOKE
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BOJIOpOZIA ¢ oBepXHOCTH MeHee 1,5-107 v m2¢”!
[O/KeYb BOJOPOJA HE YHAJIOCh, «XJIONKW» U
B3pBIBB OTCYTCTBOBaIM. OJHAKO TpPU pacxoje
~3,0-10° ™m“c' BosHmkamo  ycroifumBoe
CIIOKOWHOE TOpEeHHe BOIOpoJa Takke 0e3
«XJIOMKOB» W B3pbIBOB. CliemyeT ydecTb, YTO B
peabHBIX YCIIOBUSIX Temmeparypa
BBICTISIIONIETOCS  Bojgopona OyAeT  TOBOJBHO
BBICOKOH — He Menee 300+500°C. Bo3HHMKHYT
KOHBEKTHUBHBIC TOTOKH HAarpeToro BO3Ayxa. JTo

JIOIIOJIHUTEIHHO MOBBLICUT MpeIeTbHOE
Oe3omacHOoe  3HAaueHHE  YJENBHOTO  TOTOKa
BOAOPOA.

Brum TaKKe AKCIEPUMEHTAILHO
OTIpe/IeTICHBI MaKCUMAaJIbHBIE 3HAYEHMS
YCTOHYHMBBIX ~MAacCOBBIX CKOPOCTEH TOpEHHUs

METAIJIOB ¥ WX THUAPUAOB (THIPHIA ATFOMHHHUSA,
ruapuaa JINTHA, TUTHAATIOMUHUATHIPHIA,
HAaTPUHANIOMUHANUTHIPUIA) W COOTBETCTBEHHO
yAeIbHask CKOPOCTh BOJOPOJIa, BRIIEIISIONIETOCS B
MOMEHT TII0/Iadyll OTHETYIIAIIEer0 TOPOIIKOBOTO
cocraBa [IXK, xoTopast konebyercs oT 1103 o
4107 M’ M2

BriBon1
YCTaHOBIEHO, YTO MaKCUMallbHas CKOpPOCTb
BBIJICIICHUS BOJIOpOJIa MOXKET JOCTHUTATh

KPUTHYECKOTO 3HAUEHHUS TOJIBKO TpU TYLIEHUU
THIpUAA aJIOMHHUS W TPUONIKAETCS K 3TOMY
3HAYEHHUIO CKOPOCTh BBIJICIICEHUS BOAOPOAa MpHU
TyIIeHUH TUApuAa JuTHsI. Bpems, 3a koTopoe
CKOpOCTH BBIJIETICHUSI BOJOpOJA TMAagaeT  HIKE
KPUTHYECKOM BEJIMYMHBI TOCIIEe Hadaja TYILIeHHUS,
3aBHCUT OT pa3Mepa od4ara TOpPeHHS U He
MIpEBBIIIAET 2-3 MUH.
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