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To study heat and mass transfer in fuel cells, we must 
have a good description of fluid motion in the geometri- 
cally complex gas compartments ( 2 ) .  We have already 
shown that a good description of such a motion can be 
obtained by the use of Darcy's law (1,3) because the flow 
is slow. To describe two-dimensional motion we need two 
permeabilities. These can be either measured or obtained 
by the solution of the creeping flow equations. Unfortu- 
nately the solution of the three-dimensional Navier-Stokes 
equations, even for the typical geometric element involved 
in, for example, Allis-Chalmers plates, is excessively time- 
consuming with present generation computers (3).  There- 
fore we decided to take the empirical approach. We mea- 
sured the two penneabilities. 

PRESSURE DROP M€ASUREMENTS 

The apparatus and procedure for making pressure drop 
measurements have already been described (1) for the 
case of an actual oxygen plate. In this study the inlet and 
outlet ports of an Allis-Chalmers hydrogen plate were cut 
and distributor systems (called slotted ribs in Figure 1) 
introduced before and after the fuel cell plate (Section 11 
in Figure 1). The purpose of the distributors was to obtain 
one-dimensional flow in the test section. The permeability 
was calculated using Equation (34) of Gidaspow and 
Sareen ( l ) ,  where for one dimensional flow aP/ay~ = 
AP/L. It was experimentally verified that AP/L was a 
constant by measuring pressure differences at several loca- 
tions, as indicated in Figure l. Then, m terms of the 
units defined in the Notation, we obtain 

To obtain the permeability k,, the fluid was allowed to flow 
in the direction. This permeability is computed from 
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Fig. 1. Cell for evaluation of kp 
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Equation (1)  by replacing the length B with the width of 
the plate A. By this method the values of the permeabilities 
were calculated to be k, = 2.2 x 2 1.7 x 10-9 
sq. ft. and k, = 1.78 x 

Having obtained the values of the permeabilities, it is 
now possible to verify the applicability of Laplace's equa- 
tion to describe the flow inside the cavities. The Laplace's 
equation (1) to be verified is 

f 1.2 x 10-8 sq. ft. 
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Fig. 2. Pressure drops for hydrogen plate. For circles, positions 
shown; for squares, upper line To - Ts, lower line To - T1. 
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Fig. 3. Pressure profile. "a" = 0.211 (A /B  = 0.6, kJk, = 8.11) 
A = 0.3385 ft., 6 = 0.5618 ft., V g  = 7.255 x lo-* cu. ft., sink 

coordinate (0.15825,0), source coordinate (0.05275,l). 
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aap 1 2 ~  NOTATION 

a 
A 
B 
k,, k,  = permeabilities in the X A  and YA directions respec- 

L = distance between points for pressure drop mea- 

P = pressure, lb.f/sq.ft. 
AP 

= dimensionless width of plate, A/B mz 
= width of plate, ft. 
= length of plate, ft. 

tively, ft.2 

surement, ft. 

= pressure drop, mm. HE. 

with the boundary condition that the gradient of pressure 
is zero on all the boundaries except at the source at 
(xA', B) and at the sink at (xA", 0), where we have con- 
stant input and output, respectively. The solution to this 
boundary value problem was already given in reference 1. 

Pressure drop measurements were made at various points 
on an actual Allis-Chalmers hydrogen plate as shown in 
Figure 3. The pressure drop vs. flow rate relationships be- 
tween the different points of measurement are shown in 
Figure 2. The pressure profile generated along x = 0.05 
was matched against a theoretical profile, and the results 
are graphically presented in Figure 3. It should be noted 
that, in order to plot each experimental point shown in 
Figure 3, it was necessary to generate a complete flow 
rate vs. pressure drop profile as shown in Figure 2. The 
maximum deviation between the experimental and theo- 
retical values is -+5 % . An error of this magniutde is con- 
ceivable on the basis of errors in pressure drop, flow rate 
readings, and volume of gas in the chambers. This verifica- 
tion enables us to use Darcy's law for description of fluid 
motion in fuel cell cavities with confidence. 
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p = viscosity, Ib.,/ft.-sec. 
p = density, Ib.m/cu.ft. 
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Note on the Feedback Control of a Stirred Tank Reactor 
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Huber and Kermode (1 ) recently presented a "predictive 
feedback" regulator control analysis for linear, lumped, 
single-variable process systems containing time delays and 
a sample-hold combination. Some additional insight into 
this regulator scheme can be obtained from an analysis of 
the information flow in the system. The process model used 
by these authors can be represented by-the signal flow 
diagram of Figure 1. Conventional feedback control of this 
process is shown by the dashed line of Figure 2, which 
corresponds to Figure 1 of the cited reference. 

PROPOSED CONTROL SCHEME 

In the method proposed by Huber and Kermode, two 
more control functions are added to reduce the effects of 
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the operator D on the control quality. This control scheme 
is illustrated in Figure 3, where the two controllers are 
shown as F1 and F2. This Figure 3 corresponds to Figure 
4 of the cited reference. The controller F1 is specified as 

the negative of the transmission path ( g l / g z ) D  from e to 

O .  This exactly eliminates the transmission from 0 to x O .  

The controller F2 is then specified as being equal to the 
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Fig. 1. Continuous flow stirred tank reactor 
model. 
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