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a b s t r a c t

A hybrid system mainly consisting of a PEMFC (proton exchange membrane fuel cell) and an absorption
refrigerator is proposed, where the PEMFC directly converts the chemical energy contained in the
hydrogen into electrical and thermal energies, and the thermal energy is transferred to drive the bot-
toming absorption refrigerator for cooling purpose. By considering the existing irreversible losses in the
hybrid system, the operating current density region of the PEMFC permits the absorption refrigerator to
exert its function is determined and the analytical expressions for the equivalent power output and
efficiency of the hybrid system under different operating conditions are specified. Numerical calculations
show that the equivalent maximum power density and the corresponding efficiency of the hybrid system
can be respectively increased by 5.3% and 6.8% compared to that of the stand-alone PEMFC. Compre-
hensive parametric analyses are conducted to reveal the effects of the internal irreversibility of the
absorption refrigerator, operating current density, operating temperature and operating pressure of the
PEMFC, and some integrated parameters related to the thermodynamic losses on the performance of the
hybrid system. The model presented in the paper is more general than previous study, and the results for
some special cases can be directly derived from this paper.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Due to the growing concerns on fossil fuel depletion and climate
change, fuel cells have received considerable attention in recent
years owing to their high efficiencies and low emissions [1e3].
Among the various types of fuel cells, PEMFC (proton exchange
membrane fuel cell) is regarded to be themost promising candidate
as the next generation power source for stationary, transportation,
and portable applications due to some significant advantages such
as low operating temperature, fast startup, immediate response
ability and high power density [4e7]. In the current literature, most
investigations on PEMFC have focused to reach the proton ex-
change membrane with low electronic conductivity, low electro-
osmotic drag coefficient, low permeability to fuel, low cost, good
chemical/thermal stability, good mechanical properties and high
proton conductivity [8,9]. Relatively, there are fewer studies done
on the exhaust heat conversion and management aspect. It has
been reported that the PEMFC produces approximately equivalent

amount of electric power output and waste heat under normal
operating conditions, that is, up to half of the chemical energy in
the hydrogen will be finally dissipated as waste heat [10]. On the
other hand, the waste heat dissipated in the PEMFC will result in a
temperature rise that may affect the normal operation of the
PEMFC and should be immediately removed. Thus, it is meaningful
to find some feasible methods to utilize the waste heat produced in
PEMFC system for other applications, which may further
strengthen its position among the various fuel cells.

The waste heat produced in the PEMFC can be effectively
harvested by employing CHP (combined heat and power) systems
for some applications such as power generation, heating, and
cooling [10e20]. Chen et al. [11] reported a hybrid power system
by coupling a semiconductor thermoelectric generator to a PEMFC
to convert the produced waste heat for additional power pro-
duction, and the numerical expressions for equivalent efficiency
and power output of the hybrid system were analytically derived.
Hwang et al. [10,12] developed a heat recovery unit and imple-
mented it in a PEM fuel cell cogeneration system to simulta-
neously produce electricity and hot water, the maximum
efficiency as a combination of power output and heat was found to
be larger than 80% based on the lower heating value of hydrogen.* Corresponding author. Tel.: þ86 574 87600770; fax: þ86 574 87600744.
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Zhao et al. [14] carried out the parametric studies on a hybrid
power system by integrating a PEM fuel cell stack with an ORC
(organic Rankine cycle) to recover the produced waste heat, the
electrical efficiency of the hybrid system can be improved by about
5% compared to that of the single PEMFC. Borello et al. [15] pro-
posed a high temperature PEMFC energy system fueled with
reforming ammonia and coupled with a bottoming ORC energy
system, they optimized the electric output of the system and
improved the overall efficiency. Pilatowsky et al. [16] simulated an
air conditioning absorption refrigeration system in a co-generation
process combing a PEMFC, their results showed that using the
waste heat generated in PEMFC for cooling was feasible and the
cogeneration efficiency reached a range of maximum values be-
tween 28.6% and 37.3%. Dincer et al. [17] studied on the energy
and exergy analyses of a PEMFC integrated with a TEACS (triple-
effect absorption cooling system) and investigated the effects of
different operating parameters such as pressure, temperature,
membrane thickness and current density of the fuel cell on the
output of the fuel cell and COP (coefficient of performance) of the
cooling system. They also pointed out that integrated PEMFC with
a TEACS can be regarded as an attractive and environmentally
benign option for cogeneration purposes in sustainable buildings
[18]. Zhang et al. [19] presented a hybrid system comprised of a
PEMFC and a bottoming endoreversible refrigeration cycle to
exploit the waste heat for refrigeration purpose, the optimal
operating regions of equivalent power density and efficiency for
the hybrid system were determined and the advantages of the
hybrid system were shown by numerical results. Among the
numerous alternative hybrid systems, coupling an absorption
refrigerator to a PEMFC can be promisingly used in some fields
such as residential applications, computer and telecommunica-
tions equipment power and cooling, and so on [21,22], since it
allows production of electricity and cooling in a quiet, decentral-
ized, efficient and environmentally-friendly way. In the literature,
some studies have been undertaken to evaluate the performance
of absorption cooling systems with PEMFC through numerical
simulation, but seldom studies have discussed the effects of
various operating conditions and designing parameters on the
performance of the hybrid system.

In this work, a hybrid system by integrating a PEMFC with an
absorption refrigerator to simultaneously produce electricity and
cooling is proposed to improve the overall power output and effi-
ciency. A mathematical model is applied to derive the analytical
expressions for the equivalent power output and efficiency of the
hybrid system by considering the multi-irreversibilities such as the
external and internal irreversibilities of the absorption refrigerator,
electrochemical irreversible losses inside the PEMFC, regeneration
losses in the regenerator, and heat leakage from the PEMFC to the
surroundings. The general performance characteristics and opti-
mum criteria of the hybrid system will be revealed and the oper-
ating current density region of PEMFC enable the absorption
refrigerator to exert its function will be determined. The effects of
some operating conditions and designing parameters on the per-
formance of the hybrid systemwill be discussed by comprehensive
parametric analyses.

2. A PEMFC/absorption refrigerator hybrid system

The hybrid system consists of a PEMFC, an absorption refriger-
ator and an auxiliary regenerator, the absorption refrigerator is
driven by the waste heat produced in the PEMFC and is worked as a
so-called three-heat-source refrigerator with reasonable assump-
tions that the working fluid in the condenser and absorber has the
same temperature and exchanges heat with the heat sinks at the
same temperature [23e26], as schematically shown in Fig. 1, where

qh is the heat-transfer rate from the PEMFC at temperature T to the
generator, qc is the heat-transfer rate from the cooled space at
temperature Tc to the evaporator, q0 is the total heat-transfer rate
from the condenser and absorber to the environment at tempera-
ture T0, qL is the rate of heat leakage from the PEMFC to the envi-
ronment, and PPEMFC is the electric power output of the PEMFC. For
such a hybrid system, the waste heat produced in the PEMFC can be
readily utilized for cooling purposes without any electric power
input, and consequently, the performance of the PEMFC can be
improved.

In order to conveniently describe the mainly irreversible losses
existing in each component of the hybrid system, several simplifi-
cations and assumptions are made as follows [27e29]:

(1) Both the PEMFC and the absorption refrigerator are operated
under steady-state conditions;

(2) Operating pressure and temperature are uniform and con-
stants in the PEMFC;

(3) Amounts of hydrogen and air are theoretically provided
based on the current produced;

(4) Flow of reactants is steady, incompressible and laminar;
(5) Internal current density referred to the electrons transported

through the electrolyte and to the fuel crossover is neglected;
(6) Electrical power required to compress the reactants and air is

excluded in the calculations;
(7) Work input required by the solution pump in the absorption

refrigerator is negligible;

Fig. 1. Schematic diagrams of (a) a PEMFC/absorption refrigerator hybrid system and
(b) an absorption refrigerator.

P. Yang, H. Zhang / Energy 85 (2015) 458e467 459



Download English Version:

https://daneshyari.com/en/article/1732091

Download Persian Version:

https://daneshyari.com/article/1732091

Daneshyari.com

https://daneshyari.com/en/article/1732091
https://daneshyari.com/article/1732091
https://daneshyari.com

