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IGNITION AND SELF-SUPPORTING BURNING OF GAS-AIR MIXTURES
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Experimental researches of platinum wire temperature dependence on heating
amperage showed, that steady catalytic combustion of ignited cool gas-air mixtures
with hydrogen and ammonium admixtures may take place even after electrical power
supply is switched off [1]. Catalytic combustion in such conditions is advantageous
since gaseous mixture with combustible gases admixture does not require continuous
heating with only initial heating of platinum wire beyond certain critical temperature
(point of ignition) [2]. In this case initial temperature of wire should exceed ignition
point but less that fade point and combustible gases content in gas-air mixture should
exceed the fade concentration value.

A question arises, “What does critical fade concentration value depend on?”
Obviously, it depends on conditions accompanying heat and mass exchange between
catalyst particles with air-gas mixture, which, in their turn, depend on particle size
and flow velocity. In other words, dependence should be established between critical
fade point for combustible gas admixture on wire diameter and air-gas mixture flow

velocity with known temperature.
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Therefore, aim of proposed work consists in analytical identification of
minimum critical fade concentration of combustible gas and appropriate platinum
wire temperature, beyond which self-supporting combustion of cool gas-air mixture
with hydrogen admixture will take place on catalytic wire at specified temperature of
steady air-gas flow T .

The work contains an analysis of ignition processes (initial thermal effect) and
stable stationery combustion of cool gas-air mixtures with combustible gas
(hydrogen) admixture (H,+050,—2—-H,0) on platinum wire. Heat exchange

between pre-heated wire and cool air-gas mixture is described by Newton-Richmann
principle represented by formula below,

ngu d
d (T _Tg,oo)l 8h:m! }\'g :F(Yi7T)l

qh :a(T _Tg,oo) =
with A =F(Y,T) being a non-additive function of substances concentrations

composing the mixture. Heat transfer coefficient experimental data validity is also
related with heat losses due to radiation. More valid data may be obtained for mass
transfer coefficient which is determined by diffusion concentrations factor.
The heating of wire by means of electric current may be noted by means of
gas-air mixture efficient temperature
2
G =alT =T, )+ B =aT-T), n=n(L+&T-T). ()
ne n — platinum specific impedance, Om-m; | — amperage, A
Transforming formula (1), the formula below is obtained
Gy =T =T,) =c, pBLe ™" (T ~T,)
Representing the wire thermo dynamical equation taking into account
hydrogen thermal diffusion transfer of oxidation catalyst wire as an opened system
similar to particle motion dynamics equation, formula below is obtained:

V. oT
CePe = = Qe » Ut =0en =G> T(0)=T,, (2)
S, ot

Stationery dependences T, (T) Ta Y,(T) may be found from equation (3) below
Sh-D

1+vy E 4
Y Tk, exp| —— |=c¢ Le ™™(T -T,). 3
Qapgs a1+Se 0 p( RT) p,gpg d (T g) ( )
And may be represented, as follows,
Y. dk
T,=T- QuPy.sYe = 1+ K, exp(—ij, (4a)
C,,P,D,ShLe™™ 1+Se RT
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Y

Py 1+Se Sh-D ¢, (T —Tg)exp( E j
" opgs 14y, dky QLet™ '

— 4b
RT (40)

Relations between self-ignition and fade concentrations Y,| in dependence on
air-gas mixture temperatureTgLe may be applied to find fade concentration in

parametrical format (see next page):

2 . . J—
e~ T P £ g sey E22) (5a)
v Q,Le™E d-k0~pgs T (1+‘VT)
2
T, =T -l Se)(1-B.). (5b)

calculated in work [4] for a case of hydrogen thermocatalytic oxidation on
platinum wire.

Equations system (5a) - (5b) may be obtained from (4) and i ymoBu
eKCTpeMyMiB Ha 3anexHocTax T(T,) (with d, Y,, sh = const.) and Y,(T) (with d, T,
Sh = const).

Analyzing (5a) — (5b) demonstrates that there is only one possible solution for
Se > 1 meeting critical fade temperature value and combustible gas fade mass ratio
Y,. at specified air-gas mixture temperature, e.g., T, = 293K. Applying 5(b) diffusion

and kinetic ratio and platinum wire diameter should be expressed, as follows:

o T-TJE (6)
*TRT(1-8,.)

] :DgShpg[ (T-T,)E -1}- )

* kp, |RT?(1-B..)

Placing (7) into (5a), formula below is obtained

(T-1,)EY
_ CyRT? [ RT® J 1 (8)

T QLe""E (T-T,)E 1+, )
RTZ _(1_ BT*)

Reviewing graph Y,.(d) applying Sherwood criterion sh=0.51, it becomes
notable that adequate increase of platinum wire diameter enables to reduce Y, and,
consequently, limit value of catalytic combustion T, (Fig. 3b). Fade temperature T, is
a catalytic combustion limit temperature. Thermal diffusion reduces Y, additionally
by 10-15%.

Thus, for a platinum wire with diameter d = 0.1 mm being run about with o
mixture flow with ambient temperature at a linear speed of 0.15 m/s v, = 0.104%,
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which corresponds to hydrogen ratio 1.51% by volume. This value meets the
experimental range of hydrogen ratio 0.95-1.95% by volume, enabling self-
supporting catalytic combustion with electrical supply off [2].
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Puc 1. Relation between platinum wire temperature in gaseous mixture at ambient temperature Ty =
293K with hydrogen ratio a) Y, =0.19 %, b) Y, = 0.107 % at time.

Initial wire temperature: a) Ty, = 400 K, Ty, = 440 K, Tps = 450 K, Ty, = 500 K. b) Ty, =500 K, Ty, =530
K, Tps =550 K, Tps = 600 K.

For instance, with hydrogen ratio v, = 0.19% as an initial temperature

increases over 450 K the air-gas mixture turns to catalytic combustion with catalytic
combustion temperature does not depend on initial temperature exceeding the
ignition point. With less hydrogen ratio Y, = 0.107% (slightly less than critical fade

concentration of mixture at ambient temperature) temporal dependence of wire
temperature are also apparently different. With initial wire temperatures Ty, > T,
(graphs 3 and 4) catalytic combustion is maintained for a substantial period with
further running at low temperature mode. With T, < T, (graphs 1 and 2) — the wire, as
the time runs, cools down to ambient temperature. Different time of wire cooling
down is explainable due to slow temperature change near critical fade point.
Conclusions. Thus, the represented system of parametrical equations (7) and
(8), describing relation between Y,,, beyond which self-supporting catalytic

combustion of air-gas mixture occurs, and platinum wire diameter at specified
stationery temperature of cool air-gas flow with DC supply off. It should be noted
that ignition amperage or ignition point of air-gas mixture don’t practically change as
the combustion gas ratio increases. Lewis analogy between heat and mass transfer
enables to calculate critical ignition and self-supporting combustion concentrations
for air-gas mixtures with combustible gases admixtures with higher precision.
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VJIK 316

PIBHOBU/U TA CTAIII AHJAIITALII HA CY/JHI
Xmxui M.B.,
KypcanT [V-ro kypca crienianizanii «Ekcrtyarariis CyTHOBUX €HEPTeTUYHHUX
YCTaHOBOK»

Hynaiicekuit iHcTUTYT HarionansHoTo yHIBepcuteTy «O1ecbka MOpChKa akaIeMis

[luranHs ajganTanii JIOAUHU Y BUPOOHMYUX YMOBax € JyK€ BaKIUBUM. be3
HOro MO3UTHUBHOTO BUPIIIEHHS YCHIIIHA AISUIbHICTh MPOCTO HEMOXKIIMBA, 30KpeMa Ha
MoOpcbKkOoMy GUIOTI, Ji€e BiJ ajanTtaiii B 3aMKHYTOMY KOJIEKTHUBI CyJHA 3aJIe)KHUTb
3a0e3nedeHHs 0€3MeKU MOPETIaBCTRA.

Apnanraumist (nat. Adapto - «IpUCTOCOBYBaTH») - NMPUCTOCYBaHHS OyAOBH 1
GyHKIIIA opraHi3My, OpraHiB, KJIITUH J10 yMOB cepefoBuina. Ilporec amamTarii
CIpsIMOBaHUN Ha 30epekeHHs1 roMeocTady (cTiiikocti). PazoM 3 TuM ajamnTariisi B
KUTTEIISIIBHOCTI JIFOJAWHY, Ha BIIMIHY BiJl IPOCTOTO MPUCTOCYBAHHSI, PO3YMIETHCS K
HOro axkTHUBHA B3a€MOJIS 13 COI[AJIBHUM CEPElOBUIIEM 3 METOI JIOCSTHEHHS
ONTUMAJBHUX PIBHIB B3a€EMOJIIi 3a MPUHIUIOM romeoctady. Ilpobiema anmamranii
HAWTICHIIIMM YMHOM IIOB'sI3aHa 3 MPOOJIEMOIO 3I0POB'st 1 XBOPOOU JTFOUHHU.

[Ipomiec amanTarii HE € YUMOCH YiTKO BH3HAYECHUM, II0 MOXKHA MPOIHUCATH B
YEeK-JIMCT1, IPOTE BCE PI3BHOMAHITTS pEakKiliid B X0/l ajanTallii MOkHa MEBHUM YMHOM

KJ1acu(iKyBaTH.
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