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Due to the breathing physiology the carbon dioxpdésoning starts when its amount in the inhaled air
reaches 1.5%. Normally, a person exhales air witBbaamount of the carbon dioxide, i.e. the condifior the
critical CO, breakthrough is

w(n,T,,) =15 4= 0,37 (11)

It means that ift <7, then the adjustments g (1) (see (8)) appearing during the iterative procedure

can be evenly estimated by the members of a desgegdometric sequence with the denominater 0.375
which converges ifi<1.
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The research shows that th&0, critical breakthrough time when using a heterogmmsdy fitted
regenerative cartridge connected via the open sehprovides an understated breathing apparatus [taia
increase evaluation. It is better to employ therage oxygen-containing product usage along thelépth of
the cartridge by the time of th€O, critical breakthrough, because the breakthrougltrdase due to the
dependence of the product granules diameter orgtheules occurrence depth evolves in time by itsels
shown that the suggested evaluation in terms oftifyeequals the one determined by the protecomtfor the
circular airway scheme where tli&), breakthrough returns during breath.

The current fixed oxygen breathing apparatus haseletantial reserve for protection resource usage
efficiency increase of the regenerative cartridgm. instance, a 2-litre cylinder for P12 respiradesigned for a
4-year protection term is filled with 5509 of corapsed oxygen. The PX-4 apparatus is designed dosame
term. Its regenerative cartridge contains 3.7kgorygen-containing product 90% of which is potassium
superoxide. Taking into account the formula X@&@ the chemical compound and the molecular wedafhits
elements we get 0,9.3,7.32/71=1,5kg of oxygen dfapply the stoichiometry of the reaction

4KO2 + T02= 2K2CO3 + 302 + 360 kJ , 1)
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1.508 4= 1.1%kg is produced in free form which is more than svbe amount in the cylinder. It means that by

the end of the apparatus protection term only bélthe cartridge resource is used. The performaricine
apparatus with a shorter protection term is evers&o

The main reasons for the inefficient resource usagedead layer of the sorbent which is not ugsethe
CO, critical breakthrough time and granule sinterifgthee oxygen-containing product affected by uneyenl
distributed exothermal heat sources [1].

When the dynamic sorption activity is mathematicatiodeled, dimensionless variables related to time
and coordinate as

T=pyt[0,T |, g=px/vo[on] @
where v is the filtration speedyy, — the CO, critical breakthrough timen — dimensionless length of the

cartridge, 3 and y — phenomenological constants that characterizesfbed and resource of the reaction (1).
The intervals of changin§ andt characterize in a general way not only the regener cartridge itself, but its

operation regime.

Attempts are made to increase the cartridge resausage efficiency by means of influencinfe, 3]
altering the apparatus structure in order to acatdethe filtered air flow in the frontal layers thfe oxygen-
containing product, and to slow it down in the aigs It allows to broaden the product working layer. to
engage a greater amount of product with a largat tissipation surface in the process of heat renat/the
beginning of the cartridge. As a result the cageidemperature conditions soften and the chandeegbroduct
sintering lowers. On the other hand the contace tohits reagents increases at the end of theidgeti.e. the
dead layer of the chemisorbent gets thinner. Thie fawtors increase the cartridge dynamic sorpdictivity i.e.
increase the cartridge resource usage efficienoweier, introducing additional elements to the aphes
construction results in additional weight, dimemsiphysiological cost of wearing and reduces rdltsietc.

The alternative way to increase the cartridge iefficy is suggested in [4, 5] and based on contigolihe
granulometric composition of the oxygen-containgrgduct. The point is that the sorption speed tsrieined
by CO, molecule diffusion inside the oxygen-containinggrct granules and it is inversely proportionattieir
square diameter [6]. Since it is ti value that is influenced by the granule diameter will introduce a

correction factora :
B ap, (4)

which possesses the valuewf and o, in the first and the second parts of the cartridgpectively.

Now we will evaluate efficiency increase of the engrative cartridge available resource due to the
granule diameter reduction towards the filtratiémh@ exhaled air. In order to do so we will apgilg formalism
developed in [4].

W&, 1) = (&, 1)0([ —&)+wr(§-C,T)BE ), (3
u@E ) =wE 1Bl -&+wE-C1)BE-0), 4)
o0 n n-1 k
w (8,1) =918 [1+ nzz‘i—(aln? [1— g a1t ;)—(all(f) J] , (5)
el n_n k
(1) =1-¢ T {1— e—ﬂlfg Wlﬂf) kzl (O‘f!) J , ©)
Uy (&, 1) = e‘O‘ZTazj &2, 1) d, @
0
_ Am02(E+T) o fn (1) n
wE1)=e 20 @d)", (8)
n=0 ’
foaa(0 = o [ fp(D) T, ©)
0
fo(1) =27y (2, 1), (10)
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where w(§,1) is a modifiedCO, concentration in the filtered airstream(E, 1) is a modified concentration of
fixed carbon,{ is a dimensionless coordinate of the point of ¢henule diameter leap anél(€) is the

Heaviside function.
The correlations (3), (10) allow any precision afoulation of the breakthrough and determinatiothef
waste product share (see pic. 1, 2 curves 2) igdhidge with granule diameter leap. The calcoitest are done

for n=4,426, {=0,91, a; =0,64, a; =1,78
a (1)
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Fig. 1.CO, break through the regenerative cartridge:1 — hamnegusly fitted; 2 — with a granule diameter leap
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Fig. 2. Oxygen-containing product wear: 1 — in mmbgeneously fitted cartridge; 2 — with a granudditer leap

The curves 1 introduced for comparison in both fégucorrespond to a homogeneous cartridge are
constructed with the help of formulas (5) and @pectively witha; =1

U L P
w, € 1) =€t 1+ | 1-e it (11)

© gn N _k
u,(§,1)=1-¢" [1— e'EZ%ZTk—I] , (12)
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The CO, critical breakthrough time was established on @andthat
w(n,T,,) =0.375. (13)

It increased by 6.9% in a heterogeneously fittadridge (fig. 1). The fixed carbon distribution (all
as the exothermal heat sources) has become moreagwkthe average regenerative cartridge perforenanc
increased by 12.9%

Now we will find out which of the last two valuesewshould use to evaluate the breathing apparatus
protection resource usage efficiency increase. Wst itake into account that the apparatus is ingsglate. the
breakthrough remains inside the airway. It mixethwie air that comes for a breath inside the biegtbag.
This leads to the increase of th€®, amount exhaled. It means that the boundary camdior the sorption
dynamics problem stops being stationary. Suchtsituas simulated in [7] for a homogeneous carteidgsing
the iterative method, breakthrough addition to ¢bastant constituent (conditioned by the apparapesation
regime) shows the substantial reduction of thegatain term. The effect must be less noticeabbmniapparatus
with a chemisorbent granule diameter leap becabfise dbower breakthrough growth (see fig.1). In orte
perform a quantitative assessment expression (5) bauneglected when describing the breakthrougheirfirst
part of the cartridge and formulas (8) and (9) ninesapplied having substituted, for ay:

@) =160y 0 Dy, (14
n=0 ’
frea(0) = ay[ fp(@dr. (15)
0

The first index in the left part of (14) numbers ttegenerative cartridge part under study andeahersl
one — the steps of the iterative procedure (foremimtails see [7]). According to the mentioned ablov f(T)

instead of (10) we should write

fo(1) =™ (1+ 0(n, 1)), (16)
where w(n,t) must be calculated using (3), (8) — (10). Theltegpfunction w,1(¢,T) must be substituted into

(10) as a modified boundary condition in order & @ising (8) and (9)) the breakthrough in the sdgoart of
the cartridgews,4(n, 1) :

) =20y Il g ey, )
n=0 '
frea(0) =0z fa(Ddr, (18)
0
fo (1) =e“2%wy4(C, 1), (19)

Remember that the first index of the reduced cotnaBan w numbers the parts of the regenerative
cartridge and the second one — the steps of thaiite procedure. By combining the functions (14) &17) in
the first approximation we determine the evolutiointhe CO, modified concentration of the regenerated

airstream in a heterogeneous cartridge of an apsavath a circular scheme of the airway

WP (E,1) = w1, 1)B[ — &)+ 01 (E -, TBE =), (20)

As the null approximation we should use expresgi®n that describes the&”O, break through a

heterogeneously fitted cartridge connected via ¢ipen schemew(o)(i,r)zm(i,r). The results of the
calculations done with the MathCAD package aresitiated in fig.3
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Fig. 3.CO, break through the regenerative cartridge: homomesieg fitted with the circular (1) and open (2)
connection schemes; with a granule diameter ledipeircircular (3) and open (4) schemes

The curves 2, 3 and 4 are built using formulas,({20) and (3) respectively. And the curve 1 — viit
procedure described in [7]. Apparently, the infloerof the closed character of the airway is lesdeg¥ in a
cartridge with a granule diameter leap. It increathe critical breakthrough time growth from 6.98612.9%
which equals the value calculated on the averafietjpm of the cartridge connected via the operescé by the
time of theCO, critical breakthrough time. This is probably notaamdom coincidence and it is a result of the
carbon dioxide molecules conservation law. Indeeith a specified filtration speed th€0O, critical
breakthrough time is determined by the number ofemdes that went into the filter which equals thember
produced in the process of human'’s vital activiipus those absorbed by the cartridge.

Thus there is no need to build the circular ainselgeme in order to evaluate the protection increése
heterogeneously fitted apparatus. One is only koutate the average pollution growth of the cagedvith an
open connection scheme.
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