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Simultaneous In Situ Measurement of Temperature
and Relative Humidity in a PEMFC Using Optical
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The development, implementation, and demonstration of in-fiber Bragg grating �FBG� sensors for a simultaneous measurement of
temperature and relative humidity �RH� in an operating polymer electrolyte membrane fuel cell �PEMFC� are presented. Etched
fiber, polymer-coated FBG sensors with fast response and high sensitivity are installed in situ in a minimally invasive manner in
the cathode unipolar plate of a single PEMFC with serpentine flow fields. The performance of the fuel cell under transient
operating conditions is monitored. Step increases in current induce significantly larger increases in RH near the outlet than near the
inlet of the cell, and associated transients within the fuel cell are found on a time scale approaching the sensor response time
��1 Hz�. The improved response of the technique, together with the significantly improved temperature and RH resolution,
provides useful information on the dynamics of heat and water management. The technique is well suited for distributed mea-
surements, and its relatively low cost and nonintrusive character make it a good candidate for practical multipoint monitoring of
complete stacks.
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The temperature and relative humidity �RH� inside a polymer
electrolyte membrane fuel cell �PEMFC� have a significant impact
on performance, particularly due to the effect these coupled param-
eters have on the water balance within the cell.1-5 Optimal water
balance is achieved when the membrane is well hydrated, ensuring
good proton conductivity, and the electrodes are relatively free of
liquid water to maintain effective gas transport to the reaction sites.

Water produced at the cathode during cell operation is effective
in hydrating the membrane at lower cell temperatures. But at higher
operating temperatures, which are preferred for reduced activation
polarization, the cathode RH is insufficient and the membrane dries
out. Membrane dry-out not only causes an increase in ohmic over-
potential but can also accelerate membrane degradation.6 To avoid
this dry operation, gas streams are typically humidified before en-
tering the cell. Excessive humidification, however, can cause flood-
ing and can severely decrease the cell performance due to mass
transport losses. Nonuniformities in the temperature and water dis-
tribution are often present7-9 and add to the challenges of thermal
and water management.

Further adding to the difficulty of achieving controlled water
balance in a PEMFC are dynamic operating conditions, which are
common in transportation applications. Recent experimental and
modeling studies further elucidate the roles of temperature and hu-
midity on cell performance under these conditions.10,11 As predictive
models are extended to two and three dimensions, the ability to
measure distributed temperature and RH in situ becomes increas-
ingly useful for validation. Techniques developed for these purposes
also supplement conventional bulk diagnostic techniques.

Distributed measurements of RH and temperature inside a
PEMFC have been performed using electrical and optical techniques
with varying degrees of invasiveness and practicality. Microtem-
perature and humidity sensors were fabricated on a metallic bipolar
plate of a PEMFC by Lee et al. for in situ diagnostics.12 The sensors
were calibrated, and polarization curves were reported for an oper-
ating fuel cell with and without sensors, indicating a significant drop
in performance when sensors were embedded, but no temperature or
RH data were presented.

Using tunable laser diode spectroscopy, Basu et al.13 claimed the
first simultaneous nonintrusive measurements of water vapor partial
pressure and temperature inside a PEMFC under steady and tran-
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sient operations. Two channels in the serpentine flow path of a bi-
polar plate were extended to the edges to allow optical access into a
test cell. One sensing channel was located near the inlet, and one
was located near the outlet. This technique was limited, however, in
its temperature resolution, and temperature differences between the
two flow channels were not resolved. The partial pressure of water
vapor, which is proportional to RH for a given temperature, was
measured to increase linearly with cell current and was higher to-
ward the outlet. These measurements agreed with the calculated pro-
duction of water at the cathode and were not significantly affected
by electro-osmotic drag. A similar approach was proposed by Par-
tridge et al.,14 who reported on the use of spatially resolved capillary
inlet mass spectrometry to measure water concentration at multiple
locations in the serpentine flow field of an operating PEMFC. The
authors suggest that in combination with spatially resolved tempera-
ture measurements, the transient RH distributions could also be
measured. Data for such measurements, however, were not pre-
sented.

The trends in the partial pressure of water vapor across the cell
reported in Basu et al. were confirmed more recently by the distrib-
uted RH measurements of Hinds et al.15 In their work, they used
miniature single-chip capacitive sensors from Sensirion Inc.
�SHT75� to accurately measure temperature and RH at points
around the flow field of a single test cell. The sensors, although
relatively small, were still too large to be installed directly into the
flow channels in the active area and were therefore recessed into
auxiliary channels around the active area. The main constraint of
this technique was the sensor size �3 � 7 mm�, which limits the
ability to make measurements in the active area and limits the trans-
fer of the technique to commercial plate designs.

The focus of the present work is the development of an in situ
fiber-optic-based measurement technique that addresses temperature
resolution and sensor size limitations of existing methods.13,15 Op-
tical fibers have properties that are suitable for the PEMFC environ-
ment: In particular, they are nonconductive, chemically inert, and
inherently small. They were recently used by Inman et al.16 for an in
situ distributed point measurement of temperature across the surface
of the gas diffusion layer. The point sensor they developed, located
at the fiber tip, is based on the principle of phosphor thermometry.

In a previous work, we introduced the use of in-fiber Bragg
grating �FBG� sensors for distributed temperature measurements in a
PEMFC.17 In contrast to the sensors used by Inman et al., FBGs are
installed parallel to the fuel cell plates and can be multiplexed with
several sensors on a single fiber. Building on this, in this paper, we
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present an extension of the FBG technique to the simultaneous mea-
surement of RH and temperature. Sensors are fabricated and in-
stalled in flow channels of the graphite cathode flow plate of a single
PEMFC and used to take minimally invasive measurements during
cell operation. With the addition of FBG multiplexing, the technique
presented here offers the prospect of real-time multipoint monitoring
of complete stacks.

Fiber Bragg Gratings: Background

An FBG typically consists of a short segment of a single-mode
optical fiber with a photoinduced periodically modulated index of
refraction in the core of the fiber. This effectively creates a grating
of planes perpendicular to the fiber axis. When the grating is illumi-
nated with broad-band light, the reflected power spectrum has a
structure caused by interference of the light with the planes of the
grating. The peak of the spectrum occurs at the Bragg wavelength,
�B = 2�n, where n is the index of refraction of the silica fiber and �
is the grating pitch. When grating is subjected to mechanical or
thermal strain, its pitch changes, causing a shift in Bragg wave-
length.

This shift is given by

��B

�B
= �1 − Pe�� + ��1 − Pe�� + ���T �1�

where Pe is the photoelastic constant of the fiber, � is the mechanical
strain induced in the fiber, � is the coefficient of thermal expansion
of the optical fiber, and � is the thermo-optic coefficient. A compre-
hensive review of FBGs, along with a description of many of their
important applications, can be found in Rao.18

One such application is RH sensing.19-21 FBG is coated with a
moisture-sensitive polymer that swells as water vapor absorbs into
micropores of the material. Swelling of the polymer causes axial
strain in the FBG, which is proportional to RH.

In the absence of external mechanical strain, the Bragg wave-
length shift can be represented as a linear superposition of response
to changes in RH ��RH� and temperature ��T�

��B

�B
= ST�T + SRH�RH �2�

where the temperature and RH sensitivity coefficients, ST and SRH,
are given by

ST = �1 − Pe�
Ep�rf + t�2

Ep�rf + t�2 + Efrf
2 ��p − �f� + �f �3�

SRH = �1 − Pe��1 −
Efrf

2

Efrf
2 + Ep�t2 + 2trf�

��p �4�

These coefficients were calculated based on a uniform axial strain
model, neglecting edge effects.19,21 The variables �p, �p, Ep, and t
represent the coefficients of thermal and hygroscopic expansion, the
Young’s modulus, and the thickness of the polymer material. The
Young’s modulus and the radius of the fiber are represented by Ef
and rf, and �f is the thermo-optic coefficient of the fiber.

This type of sensor with the moisture-sensitive polyimide Pyralin
�PI-2525 from HD Microsystems� was first presented by Kronen-
berg et al.19 The authors showed that an FBG coated with polyimide
has a linear and reversible response for temperature and RH ranges
of 13–60°C and 10–90%, respectively. The highest temperature in
their study was limited to the maximum operating range of the elec-
trical gauge used, and they report additional tests showing that the
sensor was not damaged when exposed to temperatures ranging
from 	20 to 160°C. In a similar study by Yeo et al.,20 Pyralin-
coated sensors were characterized with linear response up to an RH
level of 97%. The ranges reported by both groups suggest good
compatibility of the sensors in a PEMFC.

In both the work of Kronenberg et al. and Yeo et al., several
sensors were fabricated from standard single-mode fiber �SMF 28�
FBGs, each with a different coating thickness, and were tested in a
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climatic chamber for sensitivity to temperature and RH. Using these
results and published values for other parameters in Eq. 3 and 4, the
coefficients of thermal and hygroscopic expansion were identified.

The coating thicknesses tested by Kronenberg and co-workers
ranged from �4 to 30 
m with measured RH sensitivities ranging
over an order of magnitude, from 0.3 to 3.0 pm %−1. Temperature
sensitivity ranged from 10.0 pm °C−1 for a bare fiber to
12.3 pm °C−1 for the thickest coating.

Based on the sensitivities measured by Kronenberg et al. for the
Pyralin-coated sensor, the maximum Bragg wavelength shift for a
100% change in RH would be 300 pm. The same order of magnitude
Bragg wavelength shift would result from temperature changes of
around 30°C. Controlled temperature increases on this scale are
common in PEMFCs when bringing the cell up to operating tem-
peratures, after which point smaller variations can occur during nor-
mal operation. To decouple the Bragg wavelength shift due to these
temperature variations and to make accurate measurement of RH
within the PEMFC environment, temperature compensation is re-
quired.

The work of Kronenberg suggests using thicker coatings to en-
hance sensitivity but does not discuss the impact this might have on
the sensor time response, which is also an important consideration
for use in a PEMFC. Yeo et al. built upon this work, characterizing
the time response of the Pyralin-coated FBG RH sensor to step
changes in humidity.20 The response times were 18–45 min for
10–45 
m thick Pyralin coatings, much too long for the investiga-
tion of transients in a PEMFC, which are typically on the order of
seconds.22 To reduce the response time of the sensor, thinner coat-
ings must be used, but at the cost of lower sensitivity.

According to Eq. 4, however, sensitivity can be re-established by
reducing the fiber diameter. In the present work, an FBG-based sen-
sor is fabricated with reduced fiber diameter and temperature com-
pensation, both important features for implementation inside a
PEMFC.

Sensor Fabrication and Characterization

A schematic of one of the RH sensors fabricated for this work is
shown in Fig. 1a. It is made up of two 1 mm FBGs spaced apart by
3 mm. The distal FBG was etched and coated with Pyralin for hu-
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Figure 1. �Color online� �a� Schematic of the RH sensor consisting of two 1
mm FBGs spaced apart by 3 mm. The distal FBG has a reduced diameter
coated with the humidity-sensitive polymer, Pyralin, while the other FBG is
left unetched and used for temperature compensation. �b� Schematic of the
reflected spectrum from the sensor. The uncoated FBG used for temperature
compensation has the Bragg wavelength denoted by �1, which only shifts
with temperature. The etched and coated FBG has Bragg wavelength �2 and
shifts with both RH and temperature.
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midity sensing. The proximal FBG was left unetched and used for
temperature compensation, which was necessary due to the dual
sensitivity of the coated FBG. The FBGs used for these sensors were
written on SMF 28 fiber with Bragg wavelengths of 1540 and 1550
nm and recoated with polyimide for durability �Technica SA Inc.,
Beijing, China�. Depicted schematically in Fig. 1b is a reflected
spectrum with two peaks centered on the Bragg wavelengths of each
FBG.

A length of fiber with the two FBGs was cut so that one FBG is
2 mm from the distal end. The stock polyimide recoat was removed
by immersion in 98% sulfuric acid for approximately 10 min. The
fiber was then rinsed in deionized water. To prepare the fiber for HF
etching, it was placed in a Teflon tube such that the distal FBG was
protruding. Hot wax was used to seal the tube at the midpoint be-
tween the two FBGs. The exposed FBG was submerged in 48% HF
for 30 min and then immediately neutralized in a saturated CaOH
solution to stop the etching. This results in a fiber diameter of
31.5 � 0.5 
m, measured using an optical microscope with a grati-
cule.

For applying the Pyralin coating on the etched FBG, the proce-
dure outlined in Yeo et al. was followed.20 The etched FBG was first
wiped with isopropyl alcohol and then dipped in Pyralin and with-
drawn at a predetermined constant speed. A speed of 20 mm/min
was used to produce uniform coatings without bead formation. A
schematic of the setup for coating the FBGs is shown in Fig. 2. Each
coat was precured in an oven for 5 min at 150°C. For the sensors in
this work, three coats of polymer were applied to obtain a thickness
of 2.5 � 0.5 
m. The final baking of the fiber was at 200°C for 1
h.

Calibration of the sensors to RH was carried out using a series of
small chambers containing saturated salt solutions to produce hu-
midity fixed points that are in accordance with ASTM 104-02.23 In
this way, the individual sensors, before installation in the fuel cell,
are characterized in terms of sensitivity and temporal response to
humidity. The temperature calibration of the sensors was conve-

Figure 2. �Color online� Schematic of the dipping procedure used for coat-
ing the FBGs with polymer.
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niently performed in situ where dry gas can be easily flowed through
the channels to create a low constant humidity environment.

Nalgene bottles with a volume of 125 mm were modified so as to
accept a single sensor via a Lure lock connection in the lid. The
bottles were partially filled with �25 mm of the saturated salt so-
lutions and then placed in a constant temperature water bath set at
25°C. The four salts used for calibration are listed in Table I, along
with their associated RH at 25°C.24 The RH inside the chambers
was measured using a Sensirion Inc. SHT75 RH sensor with speci-
fied accuracy of �1.8% RH. The Bragg wavelength shift of the FBG
was detected using an optical interrogation unit �SM130 from Mi-
cron Optics, Inc., Atlanta, GA�, with a specified wavelength reso-
lution of 0.1 pm at a 10 Hz sampling rate.

The time response of the sensor was tested by moving it between
two of the bottles containing different salt solutions, the act of which
takes less than 2 s.

The RH calibration results for a 31.5 
m diameter fiber FBG
with a 2.5 � 0.5 
m Pyralin coating are shown in Fig. 3. The sen-
sitivity to RH was 0.99 pm % RH−1 from the slope of the linear fit
to the data. Although a saturated salt solution for a higher humidity
level was not used, linear response for a Pyralin-coated FBG was
shown up to 97% RH by Yeo et al. Furthermore, when the sensor
was immersed in water, it measured 100 � 2.0% RH and recovered
quickly upon drying. For this fiber diameter and coating thickness,
including their measured uncertainties, the calculated sensitivity
based on Eq. 4 is 1.25 � 0.25 pm % RH−1, indicating a reason-
able agreement between the model of Kronenberg et al. and this
etched sensor design. The sensitivity measured here is more than 3
times higher than the value reported by Kronenberg et al. for a
3.6 � 1 
m thick coating on an unetched fiber.

Figure 4 shows the sensor response to a step change in humidity
from 43 and 84% RH. From this plot, the two conventionally de-
fined response times are determined and given in the inset table. The
90% response time of 10 s is a vast improvement over the previous
generation of unetched sensors reported in Ref. 20 and is suitable to
measure transient phenomena inside a PEMFC. In fact, the 63%

Table I. RH fixed points for the saturated salt solutions used for
sensor calibration.24

Salt RH at 25°C

K2Co3 43.16 � 0.39
NaBr 57.57 � 0.4
KI 68.86 � 0.24
KCl 84.34 � 0.26
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Figure 3. �Color online� RH calibration data for a 34 
m RH sensor ac-
quired using humidity fixed point chambers containing saturated salt solu-
tions.
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response time is half that specified for the commercial sensors used
in Ref. 25. Also notable in the response data is that upon returning to
the low humidity state, the Bragg wavelength settles back to the
original value, indicating reversibility of the polymer expansion
mechanism.

Temperature calibration was done with the sensors installed in
the graphite fuel cell flow plate. Two miniature T-type thermo-
couples were installed into a blank graphite plate such that when it is
used to cover the flow plate with the FBGs, the thermocouples and
the FBGs are colocated. The single cell was assembled, with the
blank plate used in place of the membrane electrode assembly
�MEA� and the anode flow plate. Dry air was fed into the cathode
flow field, and the temperature was increased using the water heat-
ing system and then allowed to cool to room temperature by natural
convection.

Shown in Fig. 5 are temperature calibration data for each FBG
acquired during slow thermal cycling of the sensors in situ under dry
conditions. As indicated by the slopes of the linear fits to the data,
the polymer coating on the RH-sensitive FBG has the effect of in-
creasing its sensitivity to temperature by �10%. This result is con-
sistent with Eq. 3. Although the calibration was performed in the
25–80°C range, to cover the operating range of interest of the fuel
cell, the sensor temperature range can be easily extended.19

With good linearity and reversibility in the RH and temperature
calibration data, estimations of the accuracies of the etched FBG
sensors fabricated in this work are �2.0% RH and �0.2°C. These
values are based on the specifications of Sensirion SHT75 and the
Omega thermocouple used as references for calibration. The abso-
lute temperature uncertainty reported here is an order of magnitude
improvement over that of the technique used by Basu et al. for their
in situ measurements13 and is adequate to investigate temperature
differences between adjacent channels inside a single PEMFC.13,17

Resolving differences in temperature and RH in situ is further im-
proved by the high wavelength resolution of the Micron Optics
SM130 used to interrogate the FBGs in the sensor. Based on this, the
minimum detectable change in RH is 0.1% RH, assuming tempera-
ture compensation.

In Situ Experiments

Sensor installation.— A graphite flow plate for a single test cell
of an active area of 30.25 cm2 was machined with a serpentine flow
field and instrumented with two of the previously discussed FBG
RH sensors. The schematic in Fig. 6a shows the location of one of
the installed sensors in the flow plate and where it sits relative to the
main PEMFC components. The design challenges in embedding the
FBG sensor in an operating fuel cell were discussed in Ref. 17. To
avoid interference with the flow in the gas channel, the sensor was
installed in a groove at the bottom of the flow channel, as shown in
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Figure 4. �Color online� Response of the etched sensor with coating thick-
ness of 2.5 � 0.5 
m to a step change in RH. Conventionally defined re-
sponse times for the sensor are shown in the table.
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Fig. 6b. Underneath the sensor is a recess in the groove to ensure
that the entire surface of the sensor is in contact with the air in the
channel. Clearly, from the figure, with this installation and with the
small diameter of the sensor, there is minimal impact on the active
area of the PEMFC.

Proper sealing of the installation is also important to minimize
the impact on performance. Cyanoacrylate adhesive was used to fix
the fiber in place and to seal the angled hole where it enters the flow
channel. This provides strain relief to ensure that only the changes in
RH and temperature within the sensing region are detected rather
than mechanical strain transmitted from the exterior. Another impor-
tant feature of the design shown in Fig. 6b is the curve in the fiber as
it enters the sensing region from outside the cell. Excessive bending
results in loss of optical power transmitted to and from the sensor,
and bends therefore should be limited to about 1 cm in radius.

Figure 7 shows the locations of the two sensors along the flow
field in the graphite flow plate. The plate is used on the cathode side
of the test cell, and air flows over sensors 1 and 2 from the inlet to
the outlet, respectively.

Test cell.— The instrumented graphite plate described above was
sized to fit into a pre-existing fuel cell test assembly. The assembly
consists of gold-plated current collector plates, and stainless steel
manifolds for gas distribution and water circulation for the cell heat-
ing system. This assembly can be seen in Fig. 8, where the fiber
optics is also shown entering the cathode plate.

MEAs for the test cell were fabricated at the National Research
Council Institute for Fuel Cell Innovation, Vancouver, Canada. An
active area of 30.25 cm2, with platinum loading of 0.4 mg/cm2,
was achieved by masking and spray deposition of a carbon catalyst
ink onto Nafion 115 membrane. The gas diffusion layer used for the
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MEAs was Toray paper with 10% polytetrafluoroethylene content,
and that for the MEAs used in this study was not hot-pressed onto
the carbon catalyst layer.

The test cell was operated using a Ballard 3 kW fuel cell test
station, which enabled control of the fuel and oxidant flow rates, and
a cell temperature with a water heating system. The current density
of the fuel cell was varied using an electronic load bank �Dynaload
Inc., MCL488, Hackettstown, NJ� that was connected via copper
leads to the gold-plated collector plates on either side of the single
cell. The cell voltage was measured using analog inputs on a 16 bit
data acquisition device �National Instruments Inc.�.

In situ testing conditions.— For in situ testing of the sensors, the
cell was run in the coflow mode with the temperature set to 40°C.
Water tanks for the gas humidifier were also set to 40°C, but be-
cause the tubing from these tanks to the test cell was not heated, the
inlet gas streams were underhumidified. A standard PEMFC test is
to vary the cell current with the load and to acquire a polarization
curve by measuring the corresponding cell voltages. By performing
this test with the sensors installed, steady-state and transient behav-
iors are observed in the cell voltage as well as in the RH and tem-
perature within the cell. Data from the sensors were acquired at a
sampling rate of 1 kHz and presented with 1000 averages to im-
prove the resolution. Before carrying out the current sweeps for
polarization tests, the MEA was conditioned by running the cell at
0.3 A cm−2 for �30 min.

Results and Discussion

To obtain a polarization curve quasi-statically, the cell current
was incremented from 0 to 15 A and back down to 0 in steps of 3 A,
allowing the cell voltage to reach steady state between each step.
The flow rates for the air and hydrogen streams were set to 1.25 and
0.75 slpm. This overstoichiometry was used to prevent water accu-
mulation in the flow channels. Because the etched fiber sensor is
free at one end in this installation, the fine fiber can be easily de-
flected due to the surface tension of water accumulated around it.
The resulting strain on the FBGs perturbs the sensor measurements
significantly. Such perturbations were observed at low oxidant flow
rates and higher currents.

Results from incrementally increasing the cell current from 0 to
15 A are shown in Fig. 9 with the cell voltage data and the sensor
measurements. In Fig. 9b, the RH near the outlet climbs higher than
the inlet RH after the first step in cell current. The following two
steps in current, to 6 and 9 A, are also marked with increases in RH
near the outlet. Subsequent steps in current result in smaller incre-
ments in RH near the outlet until a maximum of around 90% RH is
reached.

In contrast to the large changes in RH near the outlet, the inlet
RH increases in smaller steps. These steps continue throughout the
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Figure 8. �Color online� Photograph of the single test cell assembly. The cell
temperature is set by circulating deionized water from a temperature con-
trolled bath in the test station through the stainless steel plates on either side
of the cell.
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range of currents with no plateau, as is the case for the outlet RH.
The higher RH measured near the outlet on the cathode side for all
cell currents above zero is to be expected; water produced in the
catalyst layer during cell operation acts to increasingly humidify the
air as it flows from the inlet to the outlet. Sensor 1 is only a few
channels downstream from the inlet and, therefore, measures air that
has a limited interaction with product water and has thus generally
lower RH.

Shown in Fig. 10 is the transient response of sensor 2 following
a step change in current from 0 to 3 A, with the cell voltage response
plotted for comparison. There is an initial rise in RH of more than
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menting cell current for obtaining a polarization curve. The flow rates for the
air and hydrogen were 1.25 and 0.75 slpm, respectively.
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Figure 10. �Color online� Transient response of sensor 2 following a step
change in current density from 0 to 3 A at time t = 28 s. The cell voltage
response is also shown for comparison.
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30% in �30 s after the step change. This is followed by a smaller
and slower increase in RH, after which it reaches steady state at a
time comparable to the cell voltage �t = � 180 s�. The response of
the cell voltage and the RH agrees with measurements of Hinds et
al. and is consistent with the time scale of water sorption into the
Nafion membrane, which is of the order of hundreds of seconds.26

This result demonstrates that RH transients inside a PEMFC exist on
a time scale approaching the sensor response time and that the sen-
sor could provide information on the dynamics of water transport in
the MEA.

Temperature differences, reaching up to �1.5°C, were also mea-
sured in the flow field between the inlet and the outlet, as shown in
Fig. 9c. These are expected as a result of higher membrane hydra-
tion toward the outlet, leading to higher current densities and more
ohmic losses. Gradients in temperature such as this have also been
reported in other studies.17,27,28

The steady-state polarization results for the test described are
shown in Fig. 11. The cell voltage measured for decremented current
is higher than that for the incremented current, indicating hysteresis
in performance. The corresponding steady-state measurements of
RH are shown in Fig. 11b, which also show hysteresis and likely
contribute to the hysteresis in the polarization curve.
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Figure 11. �a� Steady-state polarization data for increasing and decreasing
currents with cell temperature set to 40°C. �b� Corresponding steady-state
RH measurements of sensors 1 and 2.
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Conclusions

An etched fiber, polymer-coated FBG sensor for a fast response,
high sensitivity measurement of RH and temperature has been dem-
onstrated. Two of the sensors were embedded directly into the cath-
ode flow channels of a single test cell and were used to make real-
time measurements of RH and temperature during cell operation.

Results show that for an increased current density, much larger
increases in RH occur near the outlet than near the inlet, a trend that
has been reported in other studies. From the results, it was also
determined that RH transients inside a PEMFC exist on a time scale
approaching the sensor response time, proving that the sensor could
provide information on the dynamics of water transport in the MEA.

The small size of the sensor implemented here and its accurate,
high resolution measurement capabilities combine to address key
limitations of other techniques used for in situ PEMFC measure-
ments. In the interest of improved cell design, particularly with re-
gard to humidification and thermal and water management schemes,
this relatively inexpensive technique could prove useful as a nonin-
vasive in situ diagnostic tool.

Further improvements of the technique involve the multiplexing
of several temperature-compensated FBG RH sensors on a single
fiber. This increases the number of measurement points from 4 to 10,
resulting in truly distributed RH and temperature data within an
operating fuel cell. This naturally lends itself to a sensor installation
that is fixed on both ends and, therefore, to measurements that are
unperturbed by liquid water. Furthermore, with the minimal inva-
siveness of the optical fibers into the fuel cell flow plate, the tech-
nique could be extended for use in bipolar plates for multipoint
monitoring of complete stacks.
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