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Abstract

This study explores an opportunity to increase a PEM fuel cell system efficiency by replacing an
energy-demanding pump with a passive device, a venturi ejector, to perform hydrogen recirculation in
the fuel cell’s anode. An experimental approach to this subject was taken where multiple factors that
characterize the working environment of a PEMFC were studied. Namely, I-V curves were obtained,
hydrogen and air flow rates were measured, the pressure drop in the anode was recorded, as well as
the inlet temperature and relative humidity. These variables were obtained for a system set-up in open
anode, encompassing a diaphragm pump and a venturi ejector. The results of this study partially
validate the utilization of the venturi ejector. The study showed that the systems provide similar and
stable I-V curves, hydrogen and air flow consumption profiles, and anode and cathode pressure drops.
Nevertheless, the recirculation flow rate imposed by the venturi ejector seems insufficient to keep a
recommended anode relative humidity above 40%, at stack temperature, 65°C. Finally, the utilization of
the venturi ejector for hydrogen recirculation results in a 60% energy saving compared to the utilization
of the pump.
Keywords: PEM fuel cell, Active recirculation, Passive recirculation, Venturi ejector

1. Introduction

The World Meteorological Organisation (WMO) re-
ported that 2020 was one of the three warmest years
on record [22], Figure 1. The Paris Agreement de-
fines in Article 2 - 1 (a) that the global average tem-
perature rise should be held to 2 ºC and preferably
to 1.5ºC above pre-industrial levels [2]. The Eu-
ropean Union (EU) and its Member States, acting
jointly, are committed to a binding target of a net
domestic reduction of at least 55% in greenhouse
gas emissions by 2030 compared to 1990 [3]. Hydro-
gen (H2), as a key energy transition pillar, is gath-
ering a strong momentum with over 30 countries
having released hydrogen road maps, more than 200
hydrogen projects announced by the industry, over
USD 70 billion in public funding and an additional
investment of USD 300 billion from the private sec-
tor. Moreover, Hydrogen Council now represents a
6.6 trillion market capitalization with more than 6.5
million employees [9, 1]. Portugal and The Nether-
lands, where the present work was conducted, aim
to have installed 4 GW and 2 GW of electrolyser
capacity by 2030, respectively, for green hydrogen
production [16, 18, 17].

In the effort to contribute to these goals this work
tackles a very small part of the solution. Hydrogen

recirculation in PEMFCs is a key factor for the ef-
ficiency of the energy generation process [13, 6, 15].
Current hydrogen recirculation processes are in its
majority addressed via active recirculation, mean-
ing, with the usage of a pump, increasing energy
consumption and consequently decreasing efficiency
[12, 8]. Passive recirculation using a venturi ejector
is a potential alternative [21, 14]. The fact that its
operation is strictly mechanical and so, no electric-
ity required for operation, there is the potential to
furthermore increase the efficiency of energy gener-
ation in PEMFCs [11]. A venturi ejector converts
potential energy from the high-pressure hydrogen
tank into kinetic energy and the increased flow ve-
locity through a tapered nozzle forms a vacuum area
at the exit of the nozzle dragging the recirculated
flow [4]. The entrainment flow is then a mixture
of dry hydrogen (H2) and high relative humidity
(RH%) hydrogen that has the required properties
for anode inlet in PEMFCs [19].

1.1. State of the art

The literature has seen an increasing number of
studies in recent years concerning the use of a ven-
turi ejector in PEMFC systems. However, the first
link between a venturi ejector and PEMFC was es-
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Figure 1: Global annual mean temperature differ-
ence from pre-industrial conditions (1850–1900) for
five global temperature data sets.

tablished in 2003 when McCurdy et al. [10] ap-
plied one to oxygen recycling in space power ap-
plications [6]. Recently, most studies address the
influence of ejector geometry in different factors or
simply study the performance of an ejector in dif-
ferent operating conditions. However, there are few
studies that compare the performance of an ejector
against an active pump, in particular, an experi-
mental comparison of both mechanisms could not
be found. Huang et al. [7] created a model of a
recirculation system where they compared the to-
tal efficiency of the system with active and passive
recirculation. The latter registered a higher effi-
ciency, as expected. Moreover, they proved that
the recirculation mechanisms are influenced by the
pressure at hydrogen outlet concluding that higher
pressure means higher recovery rate. The efficiency
of the system could also be increased by increasing
the temperature of the hydrogen supply in constant
flow. Toghyani et al. [20] developed a thermody-
namic model for an ejector and an electrochemical
pump. They verified that increasing the working
temperature increases the performance of both the
ejector and the electrochemical pump, that the re-
circulation ratio and hydrogen stoichiometric of the
ejector increase at higher operating point and that
the increase of hydrogen RH% leads to an increase
of the secondary mass flow rate of the ejector lead-
ing to higher recirculation ratio.

2. Experiment
2.1. Setup

The experimental set-up consists of a test station
designated by KTS, depicted in Figure 2. It en-
compasses all the equipment used to measure and
control temperature, pressure, flow and relative hu-
midity of hydrogen, H2, and air. The temperature
and flow of cooling water are also measured and
controlled. KTS is used for performance measure-
ment of stacks from 3 to 44 cells under different
operating conditions. In order to conduct this work
it was necessary to perform changes to the config-

uration of the test station. Two hydrogen recircu-
lation loops were assembled. The first loop con-
sists on the active recirculation system and is com-
posed by a drain vessel and a diaphragm hydrogen
pump. A pressure regulator and a relief valve were
also installed. The relief valve protects the system
from over-pressures and the pressure regulator on
the active recirculation system allows setting the
pressure to the working pressure of the PEMFC.
The second loop consists on the passive recircula-
tion system and is composed by a drain vessel and
the venturi ejector.

Figure 2: Test station: KTS.

2.2. Nedstack®’s 5.5 kW PEMFC

The PEMFC allocated to this experiment consists
of a Gen 2.51 with serial number S2397, Figure 3.
It is composed by 44 cells with an active area of
200 cm2 and a maximum power output of approx-
imately 5.5 kW. At maximum power the PEMFC
will consume 88 Nl/min of hydrogen, H2, and 335
Nl/min of air. The optimal working temperature is
65ºC. This PEMFC was built for research purposes
only.

Figure 3: Nedstack®’s 5.5 kW PEMFC.

2



2.3. Diaphragm hydrogen pump
Current operating systems use claw pumps to main-
tain a constant flow of hydrogen recirculating. For
the 5.5 kW PEMFC in use, a 24 V KNF diaphragm
pump with the part number N838KNDC fills the
requirement of constantly flowing humidified hydro-
gen. In the case of this study, substituting an en-
ergy demanding device like a pump by a passive
component like a venturi ejector completely elimi-
nates the parcel of the system’s efficiency decrease
due to the use of a pump.

2.4. HyLoop®

HyLoop® is a product of Ad-Venta INNOVATIVE.
HyLoop® is a plug and play solution that integrates
a control system that ensures the correct function-
ing of the venturi ejector. It is composed by a pro-
portional solenoid valve, a pressure relief valve, two
pressure and one temperature sensors as well as a
control unit, Figure 4. HyLoop® guarantees a min-
imum recirculation percentage of 50% and a maxi-
mum of 225% which means that at least half and a
maximum of twice the input flow is recirculated.

Figure 4: HyLoop®’s P&ID.

2.5. Acquisition System
The acquisition system is composed by pressure,
temperature and humidity sensors on the anode in-
let and outlet of the PEMFC in order to measure
the differential between both terminals. Mass flow
meters/controllers are placed upstream the entire
system to measure the exact quantity of hydrogen,
H2, and air being consumed. HyLoop® encom-
passes a control unit that allows the user to set the
desired outlet pressure of hydrogen. The pressure
setting is done recurring to a PEAK connection and
using the software provided by the manufacturer,
HyLoop2020CanMonitoring®.

2.6. Procedure
Two groups of experiments were performed, ahead
designated by G1 and G2. G1 corresponds to 3
sets of I-V curves (basic performance) for the three

Figure 5: CAN-BUS interface: PEAK with 120 Ω
DB9 connector.

system set-ups and G2 to one start-up/shutdown
sequence for all set-ups and three ramp-up/ramp-
down sequences also for the three set-ups. First,
the PEMFC is placed in the KTS and all the pip-
ing and electrical cables are connected. The tem-
perature of the PEMFC is increased to the oper-
ation set-point of 65ºC by passing hot water from
an external source trough the cooling conduits of
the PEMFC. Once it reaches the required temper-
ature both the anode and cathode are flushed with
nitrogen, N2, in order to clear the channels of any
other gases and water droplets. Afterwards, hydro-
gen floods the anode side and air the cathode side
bringing the stack to OCV. At this point a load
controlled by LabView is used to draw a user de-
fined current from the PEMFC. At this point the
heat source heating the cooling water has already
been turned off and the flow adjusts automatically
to keep a constant inlet temperature of 65ºC. For
the I-C curve tests, the current is firstly increased
to 40 A and afterwards from 40 A to 160 A in steps
of 20 A. For the stress tests and start-up/sutdown
procedure, the current is instantaneously increased
from 0-40 A and decreased from 40-0 A, after volt-
age stabilization. For the stress tests and ramp-
up/ramp-down procedure, the current is instanta-
neously increased from 40-120 A and decreased from
120-40 A, after voltage stabilization. For active re-
circulation, the subsystem presented in Figure 6 is
installed in the KTS and the same procedure is per-
formed.

(a) Low pressure regulator
and pressure relief valve

(b) Drain vessel and
hydrogen recirculation
pump

Figure 6: Active recirculation system assembly.
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For passive recirculation, the subsystem presented
in Figure 7 is installed in the KTS and the same
procedure is performed.

(a) 500Nl/min flow
meter

(b) HyLoop®

Figure 7: Passive recirculation system assembly.

3. Models
3.1. Hydrogen Inlet Flow
The inlet flow of a stack accounts for the amount
of hydrogen needed for the correct operation of a
stack at a given current. Equation 1 describes the
behaviour of hydrogen inlet flow as the current pro-
duced by the stack increases. Equation 2 accounts
for the minimum amount of hydrogen that should
be supplied to the stack at any point of operation.

.

V H2inlet = 1.25× 10−3 × n× I (Nl/min), I > 40A.
(1)

.

V H2mininlet ≥ 0.6× n (Nl/min), I ≤ 40A. (2)

3.2. Hydrogen Recirculation
The recirculation of hydrogen is performed in ex-
cess in the entire span of operation. Equation 3
describes its behaviour. The factor 2.5 accounts for
the stoichiometry of recirculated hydrogen, n, rep-
resents the amount of cells in the stack and Imax

stands for the maximum recommended current pro-
duced by stack, 230 A.

.

V H2recycled = 2.5× 10−3 × n× Imax.5cm(Nl/min).
(3)

3.3. Hydrogen Consumption
The amount of hydrogen consumed in the stack is
given by Faraday’s law which can be translated for
this stack in Equation 4.

.

V H2consumed = 6.965× 10−3 × n× I.05cm(Nl/min).
(4)

3.4. Anode Pressure Drop
The stack pressure drop increases linearly with the
inlet gas flow. Equation 5 gives the typical anode

pressure drop for the stack under normal operating
conditions. Equation 6 gives the minimum pressure
drop in the anode.

∆PH2 = 0.2× I + 1.4 (mbar), I > 40A. (5)

∆PH2
= 15(mbar) , I ≤ 40A. (6)

3.5. Air Inlet Flow
The inlet flow of air in a stack accounts for the
amount of air needed for the correct operation of
a stack at a given current. Equation 7 describes
the behaviour of the air inlet flow as the current
produced by the stack increases. Equation 8 ac-
counts for the minimum amount of air that should
be supplied to the stack at any point of operation.
It depends only on the number of cells of the stack,
n, which in this case equals 44.

.

V airinlet = 1.25× 10−3 × n× I (Nl/min) , I > 40A.
(7)

.

V airmininlet ≥ 1× n (Nl/min) , I ≤ 40A. (8)

3.6. Air Pressure Drop
The stack pressure drop in the cathode increases
linearly with the inlet flow. Equation 9 gives the
typical cathode pressure drop for the stack under
normal operating conditions. Equation 10 gives the
minimum pressure drop in the cathode.

∆PAir = 0.2× I + 1.4 (mbar), I > 40A. (9)

∆PAir = 15(mbar) , I ≤ 40A. (10)

3.7. Venturi Ejector
The equations that rule the behaviour of hydro-
gen in the ejector present in the HyLoop® are not
known due to the fact that these are proprietary
technology of Ad-venta®. Nevertheless, a relation
between the recirculation ratio and the injected flow
was provided together with the product’s datasheet
and Equation 11 represents an extrapolated equa-
tion obtained from this graph where phi, Φ, is the

recirculation ratio and
.

V represents the ejector’s in-
let flow.

Φ = −0.012
.

V H2inlet +
.

V H2inlet + 207 (%). (11)

3.8. PEMFC I-V Curve
The I-V curve, or polarization curve, is the most
common method of characterizing a fuel cell. The
I-V curve taken as reference is the one obtained
from a DQC (Detailed Quality Control) test of the
stack, Figure 8. DQC is the standard test used
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for product approval. It is performed with open
anode and consists of drawing a fixed current from
the fuel cell and measuring the output voltage. In
this case the current is varied from 0A to 298A. For
this stack, in normal operation, the current drawn
should stay within 40A to 230A, in order to extend
its life time.

Figure 8: Stack’s I-V curve obtained from the DQC
test @1.25 stoichiometry in the anode and @2.0 sto-
ichiometry in the cathode. PEMFC @65°C.

4. Results
4.1. I-V Curve

The open anode, pump and ejector’s I-V curves ob-
tained with the KTS were compared to the BOL I-
V curve and to a 5-HP kWe and 7-XXL kWe stack
I-V curves, both commercial stacks. A thorough
analysis of the results shows an average difference
between voltage values of the two I-V curves of 2%.
This value brings more relevance to the results fur-
ther obtained given the fact that these won’t be sig-
nificantly affected by decaying effects on the stack.
Figure 9 depicts an average of the I-V curves of the
pump and the ejector compared to the 5-HP kWe
and 7-XXL kWe stack I-V curves. A brief analysis
of the curves seems to indicate a satisfactory oper-
ation of the stack with both set-ups. The average
relative errors between the pump and ejector aver-
age curves when compared to the DQC curve are
2.1% and 1.1%, respectively. The absolute average
difference voltage between both set-ups is 0.3 V.

4.2. Hydrogen Inlet

The consumption of Hydrogen is expected to have
significantly different values when recirculation is
in place when compared to the model supplied in
the stack manual [5]. As with the test station used,
the stack manual considers the use of the fuel cell
in open-anode, although it is not the case when a
stack integrates a system. The stack manual consid-
ers a stoichiometry of 1.25 for the hydrogen supply.
In open-anode operation this amount of hydrogen
is not consumed and as such, it is released to the
atmosphere. Implementing a recirculation system
means that only the flow of hydrogen being con-
sumed is being supplied to the stack resulting in a

Figure 9: Experimental averaged I-V curves col-
lected for all three set-ups: OA @1.25 stoichiometry,
Ejector and Pump @1.0 stoichiometry compared to
5kW and 7kW model I-V curves. PEMFC @65°C.

stoichiometry of 1.0. Figure 10 depicts an average
of the hydrogen consumption of the pump and the
ejector. Considering the area of interest between
80 A and 160 A, the average relative difference be-
tween the Model @1.0 and the pump and ejector
set-up is 2.4% and 2.8%, respectively. Also, the
average relative difference between the DQC hydro-
gen consumption and the pump and ejector set-up’s
hydrogen consumption is -20.2% and -19.9% respec-
tively, meaning this percentage is being saved just
by adding a recirculation system. The hydrogen
consumption absolute average difference between
the pump and ejector set-up is 0.26 Nl/min. This is
a considerably low value and as such does not rep-
resent a relevant meaning. In fact it is 100x smaller
than the flows being measured at low currents and
250x smaller than the flows at high currents. Over-
all, these results show a positive tendency towards
the possibility of replacing the pump for the ejector.

Figure 10: Experimental results for average hydro-
gen consumption collected for all three set-ups: OA,
Ejector and Pump compared to DQC and the ex-
trapolated model as described in Section 3 at 1.0
and 1.25 stoichiometry. PEMFC @65°C.

4.3. Air Inlet
Air circulation in the cathode is independent from
having hydrogen recirculation in place or not.
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Therefore it is expected that the air flow in the
cathode varies in the same manner for all three set-
ups. In order to facilitate processing the data, an

average of the
.

V Airinlet curves of the pump and
the ejector was obtained and is depicted in Figure
11. As expected it shows an almost coincidence
of points apart for the one at current, I, equal to
120 A, for the reasons explained above. A thor-
ough analysis shows that the pump set-up presents
a 0.6% and a 5.5% average deviation between the
DQC and Model @2.0, respectively and the ejec-
tor set-up shows a 0.1% and 6% average deviation
between the DQC and Model @2.0, respectively.

Figure 11: Experimental average results for air con-
sumption collected for all three set-ups: OA, Ejec-
tor and Pump compared to DQC and the extrap-
olated model as described in Section 3 at 2.0 stoi-
chiometry. PEMFC @65°C.

4.4. Relative Humidity

Hydrogen recirculation plays a key role in humid-
ifying the cells membrane. According to the stack
manual [5], hydrogen inlet humidity should be kept
at least at 40% at stack temperature, 65°C. The
pump originates a RH% similar to the open-anode
and around 100%, according to the graph, whereas
the RH% profile of the ejector tests is situated be-
tween 40-80%. In order to easily analyse these
values, the average of the RH% and temperature
curves of the two set-ups was considered and pre-
sented in Figure 12 and Figure 13.

Regarding Figure 13, it’s possible to conclude
that the temperature of the open-anode set-up is
relatively stable and just below 55°C and that the
temperature profiles of both the pump and the ejec-
tor set-ups tend to 35°C approximately. This means
that exists approximately a 20°C difference between
no-recirculation and recirculation operation. Fi-
nally, the fact that for the same temperature, the
ejector shows less RH% than the pump RH% pro-
file, might indicate that the ejector is not able to
cope with the RH% demand of 40% at stack tem-
perature, 65°C, at least in the range of operation of
40-160 A. In fact, according to the calculations in-
ternally performed, at 65°C and 40% humidity, the

Figure 12: Experimental results for average relative
humidity collected for all three set-ups: OA @1.25
stoichiometry, Ejector and Pump @1.0 stoichiome-
try. PEMFC @65°C.

Figure 13: Experimental results for average inlet
temperature collected for all three set-ups: OA
@1.25 stoichiomtry, Ejector and Pump @1.0 stoi-
chiomtry. PEMFC @65°C.

dew point temperature, Tdewpoint, is 43.7°C. So, for
the same dew point, at 35°C, the relative humidity
should be 152%. This means that for the ejector
set-up there’s possibly a too low RH% at stack in-
let since the results obtained show an RH% between
50% and 80% and not of 100% or above as for the
pump.

4.5. Anode and Cathode Pressure Drops

The pressure drop across the anode is a good indi-
cator of the flow trough the channels. Higher the
flow implies higher pressure drop. An analysis of
the results was performed considering the average
values of the anode and cathode pressure drops of
all tests for both set-ups and is depicted in Fig-
ure 14. As expected, the cathode pressure drop
stays unaltered in both situations whereas for the
anode side, a significant difference is observed. The
fact that the pressure drop originated by the ejector
set-up under 100 A is lower than the one from the
pump set-up indicates that the flow recirculated is
also smaller than the flow recirculated by the pump.
The opposite occurs above 100 A. An analysis to the
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recirculated flow is elaborated in Section 4.6. Fig-
ure 14 also indicates a maximum difference between
both set-ups of approximately 10 mbar. This differ-
ence is 10% of the maximum design back-pressure
of the ejector, 100 mbar.

Figure 14: Experimental average results for the
anode, @1.0 stoichiometry and cathode @2.0 sto-
ichiometry, pressure drops collected for the ejector
and Pump set-ups. PEMFC @65°C.

4.6. Recirculated Flow
Measuring the actual flow in the recirculation loop
allows to validate the characteristics of the ejec-
tor as described in Section 3.7. Nevertheless, this
proved not no be an easy task. Due to the fact that
the stack outlet gas from the anode presents very
high humidity, the flow meters available wouldn’t
get comprehensive readings on the anode outlet flow
rate. Therefore a comparative approach was under-
taken knowing that there is a relation between the
pressure drop across the anode and the stoichiome-
try. In order to have both the ejector test and the

Figure 15: Pressure drop interpolation in the anode
@1.25 stoichiometry. PEMFC @65°C.

open anode at the same conditions, meaning, same
dew point, the correspondent open anode tempera-
ture and humidity was calculated. For a tempera-
ture of 35ºC and 80% humidity of the inlet gas in
the ejector set-up, the correspondent open anode
temperature and relative humidity are 65ºC and
30%, respectively. Knowing these values, they were
inserted in the KTS and two open-anode I-V curve

tests were performed for 1.25 and 1.5 stoichiometry.
The results for the pressure drop measured are pre-
sented in Figure 15. As for the previous sections,
the point at 100 A marks a transition of the be-
haviour of the curve. A further analysis indicates
that under 100 A the stoichiometry produced by the
ejector is approximately 1.25 and above 1.4. This
allows to obtain the actual flow being recirculated
as depicted in Figure 16. The figure shows that the
ejector seems to be performing under the minimum
theoretical curve. In order to better understand

Figure 16: Recirculation ratio for the Pump and
Ejector set-ups. The ejector recirculated flow is ob-
tained from the interpolated stoichiometry. Maxi-
mum and minimum theoretical recirculation flows
of the ejector are presented. Anode stoichiometry
@1.0 and PEMFC @65°C.

Figure 17: Recirculation ratio for the Pump and
Ejector set-ups. The ejector recirculated flow is ob-
tained from the interpolated stoichiometry. Maxi-
mum and minimum theoretical recirculation flows
of the ejector are presented. Anode stoichiometry
@1.0 and PEMFC @65°C.

the results obtained, the same results obtained were
organized and presented in a different form in Fig-
ure 17, in order to match the performance graph
shown in the ejector’s data sheet. The figure clearly
shows that the extracted results are approximately
situated in the first half of the performance curve.
In the case of the pump set-up, the curve evolves
as expected from a stoichiometry of approximately
3.5 to 1.5. In the case of the ejector and as with
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Figure 16, it’s visible that the ejector is performing
under the minimum theoretical curve. A main con-
cern is that there might be too much water entering
the ejector making it under perform. A reason for
this suspicion is that the drain vessel did not in-
cluded a filter which considerably improves the re-
tention of water droplets. In fact upon disassemble
of the ejector, a considerable amount of water was
removed from the ejector’s secondary inlet. Yet,
another conclusion form this graphic is that the re-
circulation ratio might increase with current, I, as
such, to perform a study on the full performance
curve of the ejector might bring better understand-
ing on it’s behaviour under these conditions.

4.7. Start-up/Shutdown
The objective of studying the behaviour of the ejec-
tor during start-up/shutdown is to verify if it is ca-
pable of dealing with a sudden no-flow to minimum
flow situation and the opposite. The results showed
that the ejector does not affect the start-up of the
stack/system since the reaction of the voltage in
every cell is apparently almost instantaneous. The
same can be observed during shut-down.

4.8. Ramp-up/Ramp-down
In a PEM fuel cell system application, the energy
demand is expected to be instantaneous. In that re-
gard, the components around the stack should allow
an instantaneous energy production. The results
showed that the ejector does not affect the ramp-up
of the stack/system since the reaction of the volt-
age in every cell is apparently almost instantaneous.
The same can be observed during ramp-down.

4.9. Efficiency of pump-driven and ejector-driven
recirculation

Depending on the pump at use and the size of
the system where it is installed, the weight of its
power consumption on the overall system efficiency
varies. For this case, the pump in use was a KNF
N838KNDC that consumes 45.6 W at max power.
In the case of the ejector, although the ejector itself
is a mechanical device and as such does not consume
energy, the peripheral system mounted around it in
order to control the pressure downstream does. The
HyLoop v4® at max flow has a power consumption
of 18 W.
This represents a decrease of 60.5% of the energy re-
quirement for hydrogen recirculation in the anode.
Whether or not this value has relevance when com-
pared to the overall system energy losses requires
further analysis.

5. Conclusions
The main goal of this work was to provide an
insight on the use of ejectors for hydrogen recircu-
lation in PEMFC systems. The important findings
of this thesis are summarized and listed below:

1. Using an ejector as an alternative to pump-
driven hydrogen recirculation proved to par-
tially meet the goals stated in Section 1.6. Al-
though the ejector proved to allow stable recir-
culation as well as instantaneous response to
ramp-up/ramp-down procedures, it seems to
fail to provide satisfactory anode humidifica-
tion.

2. The hydrogen recirculation flow measured ex-
perimentally was not consistent with the stated
in the product data-sheet. Although it was not
expected to meet the maximum recirculation
profile due to the fact that hydrogen with high
RH% was being used, it was expected to per-
form above the minimum theoretical recircu-
lation curve. A reason for this could be the
presence of water droplets in the ejector’s sec-
ondary inlet.

3. The expected stoichiometry of approximately
1.0 for the main hydrogen supply was obtained
when implementing recirculation allowing sav-
ings of 25% of the hydrogen used. The air sto-
ichiometry stayed unaltered at 2.0.

4. The average deviation of the I-V curves of the
ejector and the pump have an absolute average
difference of 0.3V. This value is less than 1% of
the lowest operating voltage registered for the
OA set-up, 27.5 V.

5. The anode pressure drop originated by the
pump under 100 A is higher than the one orig-
inated by the ejector and the opposite occurs
above 100 A. They differ a maximum of 15
mbar which occurs at 40 A.

6. The ejector seems not to work properly below
100 A since it presents a considerably low re-
circulation ratio. Nevertheless it shows a ten-
dency of increasing recirculation ration with
the increase of current. I.

7. The ejector showed no signs of being affect
by starting-up and shutting-down procedures
as well as by 80 A interval ramp-up/ramp-
down requests, demonstrating instantaneous
response.

8. Replacing the pump for the venturi ejector
would result in a reduction of 60% of energy
savings for hydrogen recirculation in the an-
ode.
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