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The mechanism of mass transfer is analyzed by which water vapor drains convectively from
an electrode —condenser system in a fuel cell with a capillary membrane. The problem of
optimizing the mass~transfer parameters in the water drainage system is also analyzed.

A special feature of a fuel cell with a capillary membrane was mentioned in [1], namely the inter-
relation between its performance characteristics and the conditions of external mass transfer during the
drainage of reaction products (water) by evaporation from the active electrode. Under steady equilibrium,
the electrolyte concentration ¢ on the evaporator electrode is determined by the water mass balance in the
cell

le= | Be[pe(c, 10— p] df )
f
and it is a function of the electrical load (current) I as well as of the conditions of external mass transfer
(mass-transfer coefficient at the electrode 8o, water vapor pressure p above the electrode, etc.), which
may vary during the operation of the fuel cell over wide ranges depending on the mode and the parameters
of mass-transfer (water drainage) system,

Concentration (and, therefore, volume) fluctuations of the electrolyte in the fuel cell cause a varia-
tion of the moisture content in porous active electrodes, which affects directly the volt—ampere charac-
teristic, and their quite definite allowable range is limited by the drop in terminal voltage. The design
of a fuel cell with a capillary membrane and capable of operating over a sufficiently wide range of load
current requires very specific measures concerning the external mass transfer; optimization of the mass-
transfer parameters, in turn, requires a special analysis of the moisture transport mechanisms in the
electrode— condenser system, these mechanisms being tied in with the conditions under which porous
electrodes operate,

The subject of this study is the transport of water vapor by forced convection, when the external
mass-transfer system includes a source of water vapor (a battery of fuel cells), a water drain (vapor
condenser), and an impeller for driving the vapor —gas mixture, For a convenient analysis of the mass-
transfer parameters, we consider ideally thermostatized electrodes and condenser at fixed surface tem-
peratures; we also consider the following features of the system:

1. The weight of electrolyte in the cell increases only on account of added water, and the weight
concentration is a function of the referred moisture content in the electrodes ¢ = (v—v%) /v%:

c=c° (1—{—¢ —-‘:)—’:]’—)—X, {2

where the minimum voltage-limited volume of electrolyte in the fuel cell ¥ is usually close
enough to the initial volume poured into the membrane space (v = vy). The range of allowable
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electrode concentrations corresponding to the range of moisture content levels 0 < y =< y* is

! 0 N\ —1
Ac* =" —c* =" l—%~L _p_) 3)

PPy
and will be called the concentration capacity of a cell,

2. The plateau-like shape of the V(¢) characteristic [1] suggests that, within the range of allowable
moisture levels in a cell with an equipotential surface, the current density distribution i is also
almost uniform regardless of the different moisture levels in various electrode segments: i
=inv(y) =inv(c) at 0 <& < ¢* or c? < ¢ < c*,

3. The pressure of saturated water vapor above the surface of an alkali electrolyte (KOH) used
in fuel cells is accurately enough a linear function of the weight concentration, within the practi-
cal range of the latter (0.2 < ¢ < 0.5),

Pe = E (%) (@, —c). 4)

where

i3 : a )
§(k) = (Ff—): = a, + a,exp (ayle); ®

e

and a, represents the node point of the pg(c) lines on the x-axis; a,, a,, and a; are constants,

4. Consideration of increasing the mass-transfer rate at a minimum loss of energy on convection
of the vapor —gas mixture has made laminar flow (Re < 100) through channels of small cross
section (Re- PrDﬁl'1 < 10) a typical mode in fuel cells; moreover, conditions of hydrodynamic
and mass-transfer stability prevail over most of the channel lengths and the mass-transfer coef-
ficients remain constant throughout the flow path.

5. During dehydration of the electrode (usually the hydrogen electrode where water is generated
and the diffusivities are higher than in the oxygen electrode), the process Is characterized by an
exchange of equal molar quantities of H, and H,0; the molar flow rate of the mixture remains
constant, unlike the weight flow rate of the mixture and its components, and it is appropriate to
specify the water flow rate in molar fractions: Gy, = Juy(p/P) = 3p.

In order to analyze the electrode performance, it is necessary to consider the equations of steady-
state water mass balance:

for the battery of cells
]e n= ‘,(ps—pd)v (6)

for the vapor condenser

Jp,—pd= [ Blp(pn P —p aF, (7)

Fe

with the electrolyte concentration in an electrode determined by the conditions of electrode dehydration
(1) as a function of the following variables:

c=c(i, Be P, L. 8)

We will consider the dehydration of the hydrogen electrode, assuming first that the electrolyte con-
centration is uniform across its surface. For a disk electrode with a center inlet and radial passages
for the vapor—gas mixture, the transport of water vapor through the vent above the electrode (with
negligible lengthwise diffusion) is described by the equation

Je ’:; [,D x)] -- ﬁe[pe - p(x) 2nx =0 9)

with the initial condition p = pg at x = 0 and with the coefficient B¢ = [1 /Bgyy + (e /Dpe)x]‘1 of mass trans-
fer from the electrolyte surface to the mixture stream depending on the mass-transfer coefficient in the
channel Bgyr = NuDDp/26 and on the resistance of the porous electrolyte to diffusion. This resistance is
usually much lower than 1/Bgyy, since, according to our present knowledge of these phenomena, the
distribution of electrolyte across the thickness of a porous electrode does not depend on the moisture



content near equilibrium and since x « 1; furthermore, the relative electrode thickness is also very small;
8g/6 <1
e .

An analysis of the solution to Eq. (9) shows that the dehydration rate

o) _ Pe—p _ [_& (j_z} 10
Suto) -~ Pe—Pa) P io\re ) "

/

decreases sharply along the flow path and, under conditions usually prevailing in the mass-transfer system
(Be/J = 20-100), the vapor pressures tend to equalize within the entrance segment of the electrode (x/rg)?
< 10%, i.e., most of the electrode surface does not participate in the mass transfer. This resulf has a
physical significance in the case of a cell where the electrolyte concentration at the surface is artificially
maintained constant (by electrolyte circulation, for example). In our case the drop in the dehydration rate
below the rate of water generation ie has the effect of diluting the electrolyte and increasing the pressure
pelc) until mass-transfer equilibrium has been restored. Obviously, a lengthwise concentration gradient
appears at that time and function c(x) will be a decreasing one along the flow path.

In the general case, the appearance of a longitudinal moisture and concentration gradient will give
rise to secondary mass transfer processes along the electrode and the membrane. If we treat the electrode
as a slightly hydrophobic structure partly filled with liquid in pores which are, on the whole, larger than
the pores in the hydrophilic membrane, then the secondary mass-transfer processes can be viewed as
follows.

a) The rate of electrolyte transfer through the electrode by capillary moisture conduction, due to
the gradient of relative volume concentration, is G, = —%pFe(x)(&p /8x). Taking into account (2), we have
the relation ¢ = ¢(vy/ve) = (6M1TMp°/éevrepw)[(c°/c)——1] and from there

G, = anpc~3x d_c s (11)
ox

where a = 4moymypcd(meny,) ! is constant for a given system.

Inasmuch as the water component of the stream G, (y) = (1 —c)Gy, evaporates along the flow path in
the electrode, the mass transfer by capillary moisture conduction should carry the electrolyte KOH from
more moist to less moist regions of the electrode.

b) The diffusive mass transfer occurs essentially through the capillary membrane filled contin-
wously with liguid. The diffusion flow of KOH through the membrane will oppose the capillary flow of G,
through the electrode:

= ON = d
Gpxom = — DeFy (%) pron ——2 = — DeF, (x) — (c0), (12)
ox ox
while the diffusion flow of water will be in the same direction as Gy:

N __H 0 13
= D) - (1—0)p], (13)

GD(w) = —EEFJI(X) M
where Fy(x) = 2ndyx; Dg = Dge.

¢) Considering that the net steady-state flow of KOH is equal to zero, there must occur a convective
flow of electrolyte which compensates for the difference between the opposing capillary and diffusive KOH

flows:
Gy = 2nx8 oU. (14)

My
The equations of mass balance within an elementary segment dx (x is the radial coordinate) will be
written as:

for water in the electrode and in the membrane

P Gy |, 0 )
{a—x[(l—C)GnH— -———;x‘) —T—E;[(I—-C)Gu]}dx--?nxtedx+ﬁe[pe(x)—p(x)] 2nxdx =0, (15)
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for water in the vapor —gas stream above the electrode

T, gil dx — B [pe (x) — p (x)] 2nxdx = 0, (16)

and for KOH in the membrane and in the electrode
G, + Gpxony + Gy = 0. (17)

This system of equations includes also Eq. (4) pg = p(c) with the boundary conditions p = pg at x = 0
and p =pg at x = rg.

Having determined the convective flow rate of electrolyte Gy =—(G,, + Gp(kom)/ ¢) from (17) and
inserted this quantity into (15), we obtain with theaid of (12), (13), and (4):

5, _g_ [ﬁ’_?e. _00_(3‘)_} — Bek 1€ (x) — Bexp (x) + (B, — i epx = 0. (18)
Moox ¢ dx

An evaluation of the relative significance of diffusion in the electrolyte, which is really a compara-
tive order-of-magnitude estimate of the terms with c and 8%c/8x? in Eq. (18), shows that in our case of
a monotonic change in concentration (of the order of magnitude Ac/ax? ~ 10°/0.1% = 100/m?) the effect
of diffusion on the shape of the concentration field is negligible because of the small relative membrane
thickness 6p/rq < 1 and the low coefficient of water diffusion in the electrolyte De ~ 10~¢ m?/h (of the
order of

_ kg oo M
103 m- 10° —- 107 ——

GMpEe Ac - L02 1_ — 1072 kg ,
¢ Ax? 107 m? m?eh
and the order of magnitude
- Nup D, 10.10%h 075 X8 .
e "2  107%m heN

kg

Betc ~ 107 -108N/m? . 107! = 10'%g/m?- h).

With all this taken into account, the solution of Eqs. (16), (18) yields a parabolic distribution of
vapor pressure above the electrode

’

e — _ .
p=pd+7.fx’(for x=1,p=p, =P+ —‘7"’—) (19a)
distribution of vapor pressure above the electrolyte surface

Pe=Pa+ te_ + _i—fz 2, (19b)
e )

and distribution of electrolyte concentration along the flow path

c=a ! (pd—;— le e ;’). (19¢)

The difference between concentrations at the inlet and at the outlet (x = 0 and x = 1, respectively) is

ie
Ac=¢4—c, = —= . 20
TET T )
From here one can draw the preliminary conclusion that during convective dehydration of an elec-
trode in a stream of vapor —gas mixture there appears a gradient of electrolyte concentration and of mois-
ture content at the cell surface whose magnitude is proportional to the ratio of load current to vapor —gas
flow rate and which decreases with rising cell temperature.

The unknown quantity pq in Egs. (19) is determined by the efficiency of vapor -gas dehydration in
the condenser 1 and by the vapor pressure above the condensation surface, according to the relation

Py — Pq = "](p, _p&' (21)
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TFig. 1. Dehydration efficiency as a function of the ratio
of vapor-—gas flow rate to condenser power: longitudinal
flow over the surface (a}, flow with transverse injection
(b).

The dehydration efficiency n depends on the condenser design and its parameters, For conventional
condensers with a longitudinal flow through the channel above the cold surface (Fig. 1a), when the vapor
pressure in the stream is nearly equipotential, the dehydration efficiency is defined as the ratio of con~
denser power BoF¢ to vapor —gas flow rate J = jF:

. ——
e D 1 L), @

ps_pc \ 7FC/

with 5, denoting the mean-over-the-surface F, mass-transfer coefficient.

A condensation mode is feasible where the vapor —gas stream leaving the battery of cells flows
directly and normally on a condenser surface and then longitudinally in a channel with transverse injection
{Fig. 1b). The hydrodynamics of this scheme is unconventional and the dehydration efficiency here must
be estimated as in a special case,

Considering the transverse injection to be uniform over the length I, of the condenser channel (j,
= J/1,) and disregarding the discreteness of injection, we can write the equations of mass balance for an
element dx of the channel of width h:

with respect to water

I a
+ [J(x)p]dx+—i°— [ (9~ p] hex — e Le-dx =0, (232)

with respect to the gas

1 9
=~ 2 i@ —nl—i =0 (23b
5 o W@ —pl—i )
with the boundary conditions p = pg at x = xy and p = pg at x = [, where x; denotes some small initial
adiabatic surface segment,

From (23b) we determine the flow rate at a given section J{(x) = jox[(P—pg)/ (P—p)], where the factor
(P—pg)/ (P—p), which represents the decrease in the vapor-—gas volume flow rate due to condensation, is
almost equal to unity when p/P < 1 and where the vapor—gas flow rate is a linear function of x. In order
to solve Ed. (23a), one must lmow the function 5,(x).

If one assumes that a boundary layer exists, then this case approaches a converging type flow [2]
with a linearly increasing velocity of the outer stream U= kx™ (m = 1), with a constant thickness of the
hydrodynamic boundary layer oy = 2.4(v /kyt /2, with the local Nusselt number Nu, proportional to x (Nu,
=ax/A =a(Pr, m)(k/v)!/2x), and with both heat- and mass-transfer coefficients remaining constant along
‘the stream: & = Aa(Pr, 1)(1{/1})1/2 =inv(x) @(Pr, 1),k = jc/éch constants). When the Reynolds number is
low and the boundary layer of nominal thickness covers the entire channel height, then conditions of hy-
drodynamic and mass-transfer stability prevail in the stream, with the mass-transfer coefficients be-
coming constant: @ =inv(x) and B, = inv (x).
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An analysis of the solution to Eq. (23a) for this case

L

st () -2

reveals a particular feature of this condensation mode, namely a rapid drop of vapor pressure p(x) along
short initial segments, to an almost constant value along the rest of the channel. During contraction of this
nominally adiabatic segment (x — 0), the vapor pressure remains constant over the entire channel length.
The dehydration efficiency is calculated from Eq. (24) at x = and from p(x) =

ps pd .7 )_I
= 1 . 25
Toop= ( + 5 (25)

It is interesting to note that, with equal values of J/B,F, the dehydration efficiency in the con-
denser with conventional lengthwise flow is somewhat higher (Fig. 1b). The essential conclusion from (22)
and (25) is that the dehydration efficiency does not depend on the condenser load: n = inv (i).

Closing the system of water balance equations for the battery of cells (6) and the condenser (7), we
obtain the vapor pressure in the stream after condensation

-

Py = Ppc+ —=
le

and from (19b) the electrolyte concentration distribution over the cell surface

— po+ Lo 4 Lo (—1——+"2—1 ] 27)
g()[° b L \me )

shown graphically in Fig. 2a. At a zero electrical load {current) the electrolyte concentration is constant
over the entire cell surface, determined by both the electrode and the condenser temperatures only:

Pe
Gy =4, ) . (28)
As the load current is increased, the electrolyte begins to dilute nonuniformly over the surface:
the concentration is maximum cg where the vapor —gas mixture enters the cell (x = 0) and minimum cg,
where the vapor —gas mixture leaves the cell (x = 1). In (c, i) coordinates the concentration —current curves
cg(i) and cy(i) are straight lines originating at the point ¢, (dc/di < 0); the differences Ac characterize
the concentration field of the electrode surface (Fig. 2b).

If we mark on the c-axis the extreme allowable values of concentration c? and c*, then obviously
the factor which limits the maximum allowable current i* will appear to be the overflooding of the elec~
trode regions at the exit of the vapor —gas mixture from the cell, i.e

i*e I 17
"7 [%TL"_]_'C' )

It is also evident that the maximum allowable current i * will be attained in a cell with a given concentra-
tion capacity Ac*, if the minimum allowable concentration c® (usually close to the initial electrolyte charge
installed in the membrane) is made equal to the zero-current concentration

A =cole tc)' (30)

With such a setup, the design temperatures tg, t; and the initial (installed) electrolyte concentration are
interdependent according to relation (28). An incorrect choice of temperatures may result either in a
lower maximum current (cy(te, to) < c® because of some loss of concentration capacity, or in an imper-
missible overdrying of the cell (cy(te, to) > ).

The maximum current limit is determined by the parameters of the mass-transfer system and by
the concentration capacity Ac* = cl—c*, with (29), (30), (2), and (5) taken into consideration:

31)

_ di - i
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Fig. 2. Variation in the equilibrium concentration of
electrolyte at the surface of the mass emitting electrode:
a) surface distribution with increasing current; b) total
concentration drop as a function of the current density
(conditions: tg = 85°C, to = +55°C, j = 0.005 kg/h-N, 5
=0.5) i (mA/em?),

where n = n(:]'—Fe/Bch), c? = ¢y = clte, to), and o = p(cy) (for simplicity, the quantity 1/8, < 1/7 has been
omitted here),

An analysis of expression (31) shows that the femperature level of the fuel cell t,, the vapor—gas
flow rate j through the system, and the dehydration efficiency n determine the slope of the characteristic
(cg)i and directly affect the current limit i*,

The concentration capacity Ac* of a cell is a function of the referred moisture content § * in the
electrodes and it increases appreciably with higher initial electrolyte concentration c¢?, thus ensuring a
proportional increase of the current limit (Fig. 3a).

The current limif is a progressive function of the cell temperature: (i*);;'e ~ exp {aste) > 0; as tem-

perature t, rises, the slope of the cg(i) characteristic decreases and the curve shifts toward higher con-
centrations. The condensation temperature does not appear in the expression for (cs){ and a variation in
this temperature (with condition (30) maintained) will cause the c(i) curve to shift parallel only, affecting
the current 1imit indirectly only: through a change in the initial concentration co(te, to) and in the concen-
tration capacity Ac* (9.

In Fig. 3b is shown the current limit as a finction of the temperature drop from electrode to con-
denser Atge = te—tg, for possible variations in temperature te or t; while the initial concentration c“(te,
tc) passes through the range from 0.28 to 0.52 ~ practically acceptable in terms of optimum electrolyte
conductivity. It is evident here that a relative increase in the temperature drop Atee/Atee(q) by 2 factor
of 3.5 (Ateg(y) = 10°C) due to the rise in the cell temperature raises the current limit by a factor of ~4.0,
while a similar increase in Aty, due to a drop in the condensation temperature will raise the current limit
only by a factor of ~1.5,

Considering that the upper temperature limit for a cell is defined by the boiling point of water wnder
a given vapor—gas pressure ty max < tgat(P) and that the initial concentration is determined by the con-
dition of optimum electrical conductivity 0.3 < ¢® < 0.45, the choice of parameter values becomes rather
specific; the condensation temperature t, = t(tg, ¢ follows from conditions (28) and (30).

The current limit i* is an asymptotic function of the vapor—gas flow rate (Fig. 3c), because the
dehydration efficiency decreases with increasing jFe/8, F; thus, (i*)Jf' ~ —(c; +¢,/P) < 0. With a suf-

ficiently small relative value of the first derivative & = ( /(i*)]! =3 (j; denoting the initial flow

i*)l .

J=lmax
rate of the mixture at which n — 1), we find that increasing the vapor —gas flow rate is worthwhile only up
to a certain level limited by the condenser power:

jmax = ]Tmax Fe_> chc (—1*‘~ 1) . (32)
&

Let us consider the feasibility of improving the c(i) characteristics by regulating the mass-transfer
parameters. One easy method is regulating the vapor—gas flow rate, which is proportional fo the elec-
trical load {(current) of the cell j = Ki (where K = inv (i) is the multiplicity of circulation). It follows from
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Fig. 3. Maximum allowable current i* as a function of the
fuel cell parameters and of the mass-transfer parameters:
a) as a function of the initial electrolyte concentration and of
the moisture content in the electrodes (current i* corre-
sponds to ¢ = 20%); b) as a function of the temperature drop
from cell to condenser, at a varying cell temperature tg (t,
=var) and condensation temperature (t; = var) (conditions:
j=0.005kg/h-N,n=1.0, §* = 0.6, Atgg(y) =10°C); ¢) as a
function of the flow rate (current il;" corresponds to the flow
rate j, for which jyF¢/fc Fc = 0.5). Concentration ¢ (%),
temperature t (°C).

an analysis of expressions (20) and (27) that in this case the con-

¢ o centration drop across the electrode surface remains constant Ac
50 ) T ¢ = ¢g—Cg = 6/£(te)K at a value determined only by the electrode
cfeng}EH:mW ot temperature and the multiplicity of circulation, while the upper
P ] - . and the lower branches of the cy(i) and the cg(i) characteristics

. ——- - \c become parallel straight lines with the slopes (cd){ = (cs){ = e&(te)’1

:m-__.__..__'_ct - {85 ikt [n(i)“]{} ) F:)r a condenser ‘with transverse injection
7 'l - (Eq. (25)), where [n()~1]] = KFo(BoFc)~ = inv (i), the slope re-
! I mains constant, the upper branch of the c4(i) characteristic is

t i Jj'reg completely analogous to that corresponding to an unregulated flow
Yo w0 so 20 rate cq =ao—£&lte) {pe + ie[Bg! + FelBcFe) ™l }, and the lower

branch of the cg(i) characteristic is a straight line ¢g = cg + Ac
parallel to the cd(i) characteristic, By comparing the c(i) charac-
teristics obtained with an umregulated flow rate Jy,,. (Fig. 4) and
those obtained with proportional regulation for the same flow rate
s k. e at some maximum load Kiy . = Jyny, One can ascertain that regula-
Cs(unr_))- ‘reg—lnr 1S tl}e " tion of the flow rate alone does not ensure an improvement of the
crease in the current limit at 1 .
. L cell performance. In order to reduce the longitudinal concentration
an equalized concentration in the . : A .
gradient and to raise the current limit, it is necessary to increase

izc}:z(:ze’ Current (density) 1, the absolute flow rate, just as in the case of Jyn, = inv (i),

Fig. 4. Current—concentration
characteristics, with the vapor
—gas flow rate regulated (cg
—Cg(reg)) and unregulated (cq

Let us consider the feasibility of improving the conditions for
electrode dehydration by means of transverse injection into the
channel above the electrode, with a distributed vapor—gas stream flowing at a rate which increases along
the radius as follows: J(x) = Jo(x/rg)!. In this case the simultaneous solution to the water balance equa-
tions for the electrode and for an element dx of the channel above the electrode:

-5%— [7(0) 5 p ()] dx —JT jnx" ™" pydx ~—Be [Pe() — p (x)] 2mxr? dx = 0, (332)

ie— P [po(D — p(R)] =0 (33b)

with the initial condition p = pq at x = 0 yields for the vapor pressure in the stream p =py + iej-ix(—1),
When the exponent n = 2, then the vapor pressure is p and, consequently, the electrolyte concentration
will remain constant along the flow path, equal to pg and cg, respectively, at the exit of the vapor—gas
mixture from the cell with concentrated injection (Eqgs. (19a) and (29)). (It is evident here that equalization
will generally occur when the exponent in the power functions J(x) (flow rate) and f(x) (electrode surface)

is the same, for a rectangular electrode n =1.) The concentration field Ac(i) shrinks to a cg(i) line, i.e.,
the concentration equalizes as a result of an appreciable electrolyte dilution within the initial electrode
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segments and, in the case of a constant vapor —gas flow rate, the current limit will not rise (¢g 4y, in
Fig. 4). ’

When the vapor—gas flow rate is regulated at the same time, however, with the Ac(i) field shrinking
to a cg peglil) line not as steep as the cg pp(i) line, then the current limit will become (Fig. 4)

Befc
F

ele

ireg =& (te) ACeq: (34)

where

. o OO =a,— “1(p —eKY);
Acxeg“-‘c?eg—creg’ creg—‘ac E(fe) " (Pe e K7Y);

Pw \ !
0 g W
Creg~ Creg(l - 0 j ’

By comparing the current limit for an unregulated vapor—gas flow rate jyp, = Kigyy according to
(31)

& Bef BeF
— () Fele pApx _Peie
tuny lr§(e eFe KFe

one can ascertain that regulating the flow rate during the concentration equalization will ensure a rise
of the current limit approximately proportional (Ac{;m. = Ac{'.‘eg) to the ratio of condenser power to multi-
plicity of circulation,

In an actual thermostatized fuel cell, where the electrode temperature may rise with increasing

current, the equilibrium concentration of electrolyte will appreciably exceed the concentration levels at

te = inv (i) considered in the foregoing analysis. Significant may also be the transverse {electrochemical)
gradient of electrolyte concentration in the capiilary membrane which is dueto the transfer of 50% of the
water generated at the hydrogen electrode from that electrode to the oxygen electrode and, at given allow-
able mean (over the cell thickness) electrolyte concentrations, resulting in a shift of the respective bound-
ary conditions toward lower concentrations cf; = ¢~ B(c?, t,)i and cfi = c*—B(c*, to)l as the current in-
creases. These effects, while raising the current limit i * by a definite amount due to overflooding, can
also limit the attainable current due to overdrying (¢ > ¢ and they have to be analyzed separately.

NOTATION
I, i are the current and current density in the fuel cell;
A% is the voltage;
n is the number of cells in a battery;
e is the electrochemical equivalent of the reaction, in terms of water;
f is the area of electrode surface;
Fg = nfy;
c, N are the weight and molar concentration of electrolyte;
v is the volume content of electrolyte per unit electrode surface;
¥ =[(v/v%-1] is the referred moisture content in the electrodes;
@ is the relative moisture content in the electrodes;
p is the partial pressure of water vapor;
P is the total pressure of vapor—gas mixture;
t is the temperature;
o is the density;
U is the molecular weight;
D is the diffusion coefficient;
£ is the diffusion damping in a porous medium;

Dp =D/RT is the referred coefficient of diffusion in the vapor —gas mixture;
o is the heat-transfer coefficient;

B is the mass-transfer coefficient;

) is the capillary moisture conductivity;

Nu is the Nusselt number of heat transfer;

NuD is the diffusion analog of the Nusselt number;
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Re is the Reynolds number;

Pr is the Prandtl number;

J, Je are the molar flow rate of vapor—gas mixture in the circuit and in one cell;
J=Jduy/P is the referred flow rate;

j=3/ Fe;

G g are the mass flow rate and mass flow intensity;

Ul is the dehydration efficiency;

Z, 6 are the longitudinal and transverse channel dimensions;

X =x/re is the dimensionless radial coordinate;

Te is the radius of disk electrode;

T is the relative porosity of structure;

X is the mean-effective penetration of electrolyte into electrode pores,

Subscripts

e denotes the electrode (electrolyte in the electrode);

M denotes the membrane;

c denotes the condenser;

w denotes the water;

H denotes the hydrogen;

s denotes the entrance of vapor—gas mixture to condenser;
d denotes the exit of vapor--gas mixture from condenser;
reg denotes the regulated flow rate;

unr denotes the unregulated flow rate,

Superscripts

0 denotes the overdrying-limited maximum values;
* denotes the overflooding-limited maximum values.
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