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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 ,gT ∞ . 

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 ( 2 2 20.5 tpH O H O+ → ) on platinum wire. Heat exchange 
between pre-heated wire and cool air-gas mixture is described by Newton-Richmann 
principle represented by formula below,   

, ,( ) ( )g
h g g

Nu
q T T T T

d∞ ∞

λ
= α − = − , h

d
Nu

δ = , ( , )g iF Y Tλ = , 

with ( , )g iF Y Tλ =  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

,( ) ( )el
h g g

I Rq T T T T
dL∞= α − + = α −
π

,     ( )* *1 (T Tη = η + ξ − .            (1) 

де η – platinum specific impedance, Оm·m; I – amperage, А 
Transforming formula (1), the formula below is obtained 

1
,( ) ( )m

h g p g g gq T T c Le T T− += α − = ρ β −  

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:    

 
c

c c eff
c

V Tc q
S

∂
ρ =

∂τ
,               eff ch hq q q= − , (0) bT T= ,                              (2) 

Stationery dependences ( )gT T  та ( )aY T  may be found from equation (3) below 

1
0 ,

1 exp ( )
1

mT
a gs a p g g g

E Sh DQ Y k c Le T T
Se RT d

− ++ ψ ⋅ ρ − = ρ − +  
.                            (3) 

And may be represented, as follows, 
, 0

01
,

1 exp
1

a g s a T
g m

p g g a

Q Y dk ET T k
c D ShLe Se RT− +

ρ +ψ  = − − ρ +  
,                              (4 )a  
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,
1

, 0

( )1 exp
1

g p g g
a m

g s T a

c T TSe Sh D EY
d k Q Le RT−

ρ −+ ⋅  =  ρ +ψ ⋅  
.                                  (4 )b  

Relations between self-ignition and fade concentrations 
,a i e

Y  in dependence on 

air-gas mixture temperature
,g i e

T  may be applied to find fade concentration in 

parametrical format (see next page): 

( ) ( )
( )

( )( )

2
2,

1,
0

2

,

1
exp 1 ,

1

1 1 .

p g g T
a mi e

a gs T

g Ti e

c RT Sh D BEY Se
Q Le E d k RT

RTT T Se B
E

∗
−

∗

 ⋅ ⋅ρ − = ⋅ +  ⋅ ⋅ρ +ψ  



= − + −

                   
(5 )

(5 )

a

b
 

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

Equations system (5а) - (5b) may be obtained from  (4) and і умови 
екстремумів на залежностях ( )gT T (with d , aY , Sh  = const.) and ( )aY T  (with d , gT , 

Sh  = const). 
Analyzing (5а) – (5b) demonstrates that there is only one possible solution for

Se  > 1 meeting critical fade temperature value and combustible gas fade mass ratio 

aeY  at specified air-gas mixture temperature, e.g., gT  = 293К. Applying 5(b) diffusion 

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

( )2 1
1

g
e

T

T T E
Se

RT B ∗

−
= −

−
,                                                       (6)  

( )
( )2 1
1

gg g
e

gs T

T T ED Sh
d

k RT B ∗

 −ρ
 = −
 ρ − 

.                                                (7) 

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

( )

( ) ( )
( )

2

22
,

, 1

2

1
1

1

g

p g
a e m

a Tg
T

T T E
RTc RT

Y
Q Le E T T E

B
RT

−

∗

 −
 
 
 =

+ψ−
− −

.                                    (8) 

Reviewing graph , ( )a eY d  applying Sherwood criterion 0.51Sh = , it becomes 

notable that adequate increase of platinum wire diameter enables to reduce ,a eY  and, 

consequently, limit value of catalytic combustion eT  (Fig. 3b). Fade temperature Te is 

a catalytic combustion limit temperature. Thermal diffusion reduces ,a eY  additionally 

by 10-15%. 
Thus, for a platinum wire with diameter d = 0.1 mm being run about with що 

mixture flow with  ambient temperature at a linear speed of 0.15 m/s aeY  = 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]. 

For instance, with hydrogen ratio aY  = 0.19% as an initial temperature 
increases over 450 К 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 aY  = 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   Tb > Te 
(graphs 3 and 4) catalytic combustion is maintained for a substantial period with 
further running at low temperature mode. With Tb < Te (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 ,a eY , 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. 
  

 
Рис 1.  Relation between platinum wire temperature in gaseous mixture at ambient temperature Tg = 

293K with hydrogen ratio  а) Ya = 0.19 %, b) Ya = 0.107 % at time. 
Initial wire temperature: a) Tb1 = 400 K, Tb2 = 440 K, Tb3 = 450 K, Tb4 = 500 K. b) Tb1 = 500 K, Tb2 = 530 

K, Tb3 = 550 K, Tb4 = 600 K. 
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установок»  
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Питання адаптації людини у виробничих умовах е дуже важливим. Без 

його позитивного вирішення успішна діяльність просто неможлива, зокрема на 
морському флоті, де від адаптації в замкнутому колективі судна залежить 
забезпечення безпеки мореплавства. 

Адаптація (лат. Adapto - «пристосовувати») - пристосування будови і 
функцій організму, органів, клітин до умов середовища. Процес адаптації 
спрямований на збереження гомеостазу (стійкості). Разом з тим адаптація в 
життєдіяльності людини, на відміну від простого пристосування, розуміється як 
його активна взаємодія із соціальним середовищем з метою досягнення 
оптимальних рівнів взаємодії за принципом гомеостазу. Проблема адаптації 
найтіснішим чином пов'язана з проблемою здоров'я і хвороби людини. 

Процес адаптації не є чимось чітко визначеним, що можна прописати в 
чек-листі, проте все різноманіття реакцій в ході адаптації можна певним чином 
класифікувати. 
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