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The effect of reactor— condenser system operating regime on fuel cell efficiency 1s
studied.

The contemporary state of theoretical and experimental studies on mass output permits
the calculation of mass transfer devices (condensers, evaporators) with satisfactory accuracy.

However, if the condenser operates with an evaporator in a closed system in which a com-
plete change of aggregate state of the working substance does not occur, the two devices af-
fect each other according to the inverse feedback principle. This inverse feedback is es~-
pecially well manifested in the operation of the oxygen—hydrogen fuel cell in which the
moisture formed by electrochemical reaction G, is evaporated from the membrane surface into
the vapor—hydrogen mixture circulating in the reactor—condenser system and then led to the
condenser. Thus we have the mass transfer process

Gr = m‘%-A—i’v 1)
where Ap is the mean integral partial pressure head, determined in the first approximation in

analogy with the heat exchange function; for the condenser
in out
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To ensure mass transfer the mixture must circulate through the circuit at a definite
flow rate which is characterized by the multiplicity of the circulation:

Gout'c—,LGh @)

Gn :

An additional relationship between the partial vapor pressures at the condenser input
and output and the multiplicity of the circulation may be obtained from the equation of state
pout P kppe s
C = e e

8 —p(k+7) )

b=

To ensure stationary operation of the fuel cell the mass expenditures must be balanced:
Gc=G:=96‘h- {6)

The area of the reactor surface F, is chosen from the permissible current density and the re-
quired power level. Usually Fy » F. and for Br = B, we have BrFy > BeF, which means m = Bc
and

Gy = Go = fioFs Bheo o

This also means that the difference between the partial vapor pressure in the mixture Py and
the pressure on the surface pg,

Apr =pf——p81‘ _—_-—..LL

Br
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Fig. 1. Admissible deviation of tem~
perature (°C) at reactor input from
reactor temperature for various con-
denser temperatures. I = 100 A, B F.=
30107 m*/h.

in any desired section of the reactor is extremely small (because of the low flux density of
the evaporating water jr for sufficiently large section By); i.e., it can be assumed that

any given section py, = psrand, in partlcular,p%n==psr, andpr“t"p°Ut. Since becauseof the
closed nature of the system the quantities p% andp°Ut are uniquely determined by the mass exchange
parameters B.F., the temperature of the condenset surface tge and the reactor surface tgy,
the current density i, and the multipllclty of the circulation k, these same parameters
uniquely determine the quantities pin and p Ut and the intermediate values of Psy- By vir-
tue of the function ~

f(p’srv tsr’ Csr) =0 (8)

the mass exchange parameters uniquely determine the values of electrolyte concentration on
the surface of the hydrogen electrode. This concentration c_,, determined by solution of the
system of equations (2), (4)-(8), should serve as a boundary condition for finding the concen-
tration distribution over thickness of the electrochemical group.

The quantity tg, is larger than the temperature of the thermostating liquid tthf due to
thermal resistance to heat transfer in the reactor. The value of t;, increases with motion
of the thermostat liquid and depends on the flow rate of the latter, Gthrs the load on the
fuel cell, and the peculiarities of operation of the thermostat system.

Moisture withdrawal in the condenser depends on the value of the complex B.F., the flow
rate of the thermostat liquid Gip., and its temperature tyhc, onthe thermal resistance offered
to the heat transfer process in the condenser, on the construction of the condenser, and on
the operation of the thermostat system., The coefficient B, in turn depends on the mixture
flow rate, i.e., on the multiplicity of the circulation k.

The thermal resistance to heat transfer in the condenser was calculated for a full-scale
fuel cell, and the mean (over area) condenser surface temperature was determined as a func-
tion of the current load for constant pumping rate of the thermostat liquid. Analogous in-
formation for the reactor was obtained experimentally.

Changes in the temperature of the thermostat liquid at the reactor and condenser inputs
produced by nonuniformity in thermostat system operation play an important role, since other
conditions being equal these changes cause a redistribution of partial water vapor pressures
in the system, which can lead to critical situations due to limitations on buffering and crys-
tallization.
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Fig. 2. Optimum admissible temperature deviation
(°C) at reactor input versus reactor temperature
at I = 100 A for various B.F, (m?*/h) and circula-
tion multiplicities: solid curve, k = 40; dashes,
k = 30; dash—dot curve, k = 20; a) B.F, = 3¢107“;
b) 5¢107°%; ¢) 1e107°,

We have attempted to determine the possible admissible variation in the temperature of
the thermostat liquid at the reactor and condenser inputs 6% (%aﬁ . For convenience in com-
puter calculation these variations were specified in steps idenfical in size and direction
for reactor and condenser, since it was assumed that the fuel cell would be provided with
automatic temperature regulators of identical characteristics.

With consideration of the above, the system of Egs. (2), (4)-(8) was solved by sampling
of values of the following quantities:

1) the complex B.F. = 3, 5, 10, 200107* m®/h;

2) current load I = 25, 50, 75, 100 A (corresponding current density values i = 50, 100,
150, 200 mA/cm?);

3) thermgstat liquid temperatures: at reactor input t%ﬁr 80-140°C and at condenser in-
put ttﬁc = 40-100°C in 10°C steps;

4) changes in thermostat liquid temperature at reactor input Gtiﬁr =10, 8, 6, 4, 2°C;
changes in thermostat liquid temperature at condenser input Sttﬁc = 10, 8, 6, 4,
2°C;

5) circulation multiplicity k = 20, 30, 40.

Calculations were performed for a full-scale fuel cell with matrix chemical groups at a
membrane thickness § = 1 mm.

The range of parameter variation was made significantly broader than that of the full-
scale fuel cell in order to determine general principles of parameter interaction for pos—
sible thermal readjustments of the fuel cell.

in out _in out out
Using the values of pr , Py , t¢hrs tehr the concentratioms ct? and cg on the mem-

brane surface on the hydrogen side were determined. Then using these as boundary conditions
in the equation for concentration distribution over electrode thickness, values of the con~-
centrations Tin and gout averaged over membrane section were obtained. Then with considera-
tion of limitations on buffering and crystallization in the full-scale electrodes, variants
ensuring fuel cell efficiency were chosen.

The functional relationships in Eq. (8) were approximated by polynomials and power func~
tions, and the boundary conditions were set in the form of inequalities, then used to com-
pose an algorithm for computer calculation of variants. ' -
in
thr)
for each combination of BoFc, I, k values. A characteristic example for BcF. = 30107% m*/h

and I = 100 A is shown in Fig. 1.

Analysis of the results confirmed the presence of a relationship between reactor and
condenser thermal regimes outside the region of concentration value criticality. This funec-
tion has an optimum point; i.e., for each selected reactor temperature tihy there corresponds
an optimum simultaneous deviation of t%ﬁc for the condenser.

The processing results were obtained in the form of graphical functions sﬁikﬁaxc)gf(t
. B \
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Fig, 3. Optimum permissible tempera-
ture deviation (°C) at reactor input
versus complex Bo.F. (m*/h).

It can be maintained that a similar type of inverse feedback should appear for any type
of fuel cell with a closed circuit and extraction of excess moisture by use of heat-mass
transfer processes. In the type of fuel cell considered here the feedback appears more
clearly due to limitations on buffering.

The temperature of the thermostat liquid at the reactor input should then be chosen as
high as possible with consideration of conditions of electrolyte existence and capabilities
of the construction materials, as was done for the full-scale fuel cell.

It was established that the optimum thermostat liquid temperature at the condenser input
t%ﬁc, selected from t%ﬁr, was practically independent of the multiplicity of circulag&o%m§
(Fig. 1). However, with increase in k the maximum admissible temperature deviation 5t%zr,§)
increases, as is evident from Fig. 2, which shows the envelopes of the optimum thermostat
liquid temperatures at the condenser input. The greatest increment Gt%ﬁtgfﬁ) is observed in
the region from k = 20 to k = 30.

At low tract resistances these coefficients can be provided by an injector, as shown by
additional experimental studies [1].

Construction of the dependence of maximum admissible deviation Gtéﬁtgfg) on the complex
BcFe (Fig. 3) makes it possible to conclude that at low k the optimum value of the complex
BcFe is independent of t%ﬁr and k, but that with increase in t% r and k an optimum appears in
BoFes at ttﬁr = 140°C the optimum value of B.F. = 5-7 at k = 30-40. These data permit struc-
tural calculation of the optimum area of the condenser using the method of [2, 3, 4]. How-
ever, any change in condenser construction or thermostat liquid pumping rate will produce cor-
responding changes in the condenser surface temperature and require a mew calculation.

In the present study the goal in condenser area optimization was simultaneous attainment
of the maximum admissible deviation of the temperature of the thermostat liquid at the input
of the reactor and condenser, but one could also consider problems of temperature deviation
by any other prespecified rule. Moreover, condenser optimization for other goals could be
considered, for example, with respect to weight and size considerations, or with respect to
some complex of goals. The existence of various methods of affecting concentration distri-
bution in the membrane electrolyte makes it possible to optimize not only the condenser, but
also the reactor, with respect to goals chosen beforehand.

The method on which the calculations were based and the subsequent analysis used here
suffer from a number of inaccuracies and are based on some assumptions.

1. The definition of the mean integral pressure head as a mean logarithmic quantity,
destroying the analogy between the processes of heat and mass exchange, can lead to signifi-
cant errors.
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2. The method of averaging wall temperatures and membrane concentrations as mean arith-
metic quantities is only approximate.

3. The method of calculating concentration distribution over membrane thickness does
not take into account the convective component of transfer.

However, despite the shortcomings connected with the approximate nature of the calcula-
tions, the method used is correct in principle, and the results obtained do give a qualita-
tively correct picture, without a doubt. A more refined technique will naturally produce more
accurate results.

NOTATION

G, weight flow rate; F, surface area; m, mass transfer coefficient, referred to condens-
er surface; Pr,cs partial vapor pressure in mixture; p, total mixture pressure; B, mass
transfer coefficient, referred to partial pressure; Ap, partial pressure heat; j, vapor trans-
verse mass flow density; c, electrolyte concentration; t, temperature; &t, temperature varia-
tion; i, current demsity; I, load current. Subscripts and superscripts: r, in reactor; c,
in condenser; s, on surface; h, hydrogen in reaction; m, mixture; th, thermostat liquid; in,
input; out, output,
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EFFECTIVE CONDUCTIIVITY OF HETEROGENEOUS SYSTEMS WITH
DISORDERED STRUCTURE

Yu. P. Zarichnyak and V. V. Novikov UDC 536,24

A model reflecting the disordered character of the structure of a heterogeneous sys-
tem is proposed, together with a method for calculating the coefficients of gener-
alized conductivity* of compounds, eutectics, composites, and solutions.

We will consider the simplest possible two-component heterogeneous system with chaotic
structure, formed, for example, by the pressing of a mixture of two different powders of com-
pact particles. We will limit our consideration to the case of mechanical mixture of nonin-
teracting components which preserve their original properties both within the volume and at
the phase boundary. .

Use of the concept of "disordered” structure assumes that in regions of the system with
dimensions significantly exceeding the dimensions of the original particles the values of the
volume concentrations of the components mj, mj are practically indistinguishable from the
average values of those quantities over the entire system volume, while the system properties
are isotropic within the limits of the region and over the system as a whole, although lccal
deviations from mean values may occur.

We will attempt to develop a model reflecting the random (probability) character of the
distribution of the individual components within the volume of the two-component system with
disordered structure, and to determine its effective conductivity.

*The coefficients of generalized conductivity are the coefficients of thermal conductivity,
electrical conductivity, dielectric permittivity, and magnetic permeability, the determination
of which is the object of the theory of gemeralized conductivity.

Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 34, No. 4, pp. 648-655, April,
1978, Original article submitted April 25, 1977.
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