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An air-breathing laminar flow-based fuel cell
(LFFC) is a small-scale power source introduceeméy.
The phenomenon of laminar flow allows liquid fuada
oxidant to flow side by side without mixing, yet
maintaining ionic conductivity [1]. The electrochiead
impedance spectroscopy (EIS) technique, which estich
the impedance of the system by perturbing the pialen
(or current) and measuring the current (or potériza,
was employed to study these fuel cells [e.g., 3]de
other numerical models [e.g., 4].

In this research, the EIS technique is employed
to measure the sensitivity of LFFC to fuel concatitn,
and the potential and current changes. The impedaic
the cell is measured in the frequency range of 2 kHO
mHz with 10 points/decade in various fuel concditres
(i.e., 0.8 M, 1 M and 1.2 M) and potentials (i&0Q5 V,
0.15V, 0.25 V and 0.4 V for which the correspoigdin
currents are 10.8 mA, 6.6 mA, 4.0 mA and 3.5 mA,
respectively). Each measurement has been repeated 3
times and the average Nyquist plots are showngarEi
1. The Nyquist plots are then divided into the high
frequency (1 kHz — 10 Hz), the moderate frequed€y (
Hz — 0.1 Hz) and the low frequency (0.1 Hz — 10 lnHz
regions, and each region is modeled by the equitvale
circuit presented in Figure 2. For low frequencgioa,
an inductance is also paralleled with resista}e¢dq be
able to capture the inductive loops appeared irescases
(e.g., see the curve of 1.2 M presented in Figliia the
low frequency region. Also, in order to have thmea
degree of freedom, the constant phase element (SPE)
replaced by a capacitandg)(

The values oRy, R, Q (i.e., coefficient of the
CPE element), and (i.e., the power of CPE) for the high
frequency regionk, Q, andn for the moderate frequency
region; andR, C, andL for the low frequency region and
their standard deviations are determined. Using-thst
method, these values are compared in the successive
measured potentials and fuel concentrations tdifgen
those that are statistically different. The t-testults show
that although some of the elements values are not
statistically different in successive points (&gandR in
the high frequency region for 0.15 V and 0.25 \{ én
andn in the moderate frequency region for 0.8 M and 1
M), there is always at least one element whichfferént,
resulting the Nyquist plots that are statisticalifferent in
successive potentials or fuel concentrations. Basetie
above method, the statistically indifference intiig
determined as an interval that the parameterstefdst
(i.e., the fuel concentration and potential in stisdy) can
be changed without any statistically detectablenghan
the target (i.e., the Nyquist plot in this study).[To find
this range, the largest change in the parametergahe
t-test is determined. If the t-test is passed dgenne of
the equivalent circuit element values it can bectuded
that the Nyquist plots are statistically differesand hence
the fuel concentration or the potential changeldesen
detected.

Using the method described above, the elements
with the largest t-test values (i.& jn the moderate
frequency range for the potential changes, raimthe
high frequency range for the fuel concentratiomncjes)

are studied. Assuming linear interpolation for edem
values and their standard deviations between ssivees
points, the potential and fuel concentration iretiéihce
intervals can be determined [5]. As the curreratis®
measured at each potential, the same sensitivitly 36
repeated for the current. The results are showifabie 1.
These results can also be employed to find theinexdju
precision in impedance measurements.
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Figure 1: The measured Nyquist plots of a lamifaxf
based fuel cell (LFFC)

CPE
W\
/4
“NVN— —
R, VW

Figure 2: Equivalent circuit used for the high and
moderate frequency regions

Table 1: Indifference interval for various potehtia
current and fuel concentration ranges

Ranges Minimum Detectable
Changes
0.05-0.15V 0.00980 V
0.15-0.25V 0.000945 V
0.25-0.4V 0.00614 V
10.8-6.6 mA 0.412 mA
6.6-4 mA 0.0246 mA
4-3.5 mA 0.0205 mA
0.8-1 M 0.0164 M
1-1.2M 0.0185 M




